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Abstract

Background: Group B Streptococcus (GBS) is a leading cause of neonatal sepsis and meningitis
and an important cause of invasive infections in pregnant and nonpregnant adults. Vaccines
targeting capsule polysaccharides and common proteins are under development.

Methods: Using whole genome sequencing (WGS), a validated bioinformatics pipeline, and
targeted antimicrobial susceptibility testing, we characterized 6,340 invasive GBS isolates
recovered during 2015-2017 through population-based Active Bacterial Core surveillance (ABCs)
in eight states.

Results: Six serotypes accounted for 98.4% of isolates (21.8% la, 17.6% V, 17.1% Il, 15.6% III,
14.5% Ib, 11.8% IV). Most (> 98%) of these six serotypes were in seven clonal complexes (CCs)
comprised of multilocus sequence types (MLSTS) identical or closely related to STs 1, 12, 17, 19,
22, 23, and 459. Fifty-four isolates (0.87%) had point mutations within pbp2x (31 different alleles)
associated with reduced susceptibility to one or more p-lactam antibiotics. Genes conferring
resistance to macrolides and/or lincosamides were found in 56% of isolates; 85.2% of isolates had
tetracycline resistance genes. Two isolates carrying vanG were vancomycin-nonsusceptible (MIC
2ug/ml). Nearly all isolates possessed capsule genes, 1-2 of the three main pilus gene clusters (or
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islands), and one of four homologous Alpha/Rib family determinants. Presence of /vgA virulence
gene was primarily restricted to serotype I11/CC17 isolates (465 isolates), but 8 exceptions (7 IV/
CC23 and 1 IV/CC17) were observed.

Conclusions: This first comprehensive, population-based quantitation of strain features in the
United States suggests current vaccine candidates should have good coverage. Beta-lactams
remain appropriate for first line treatment and prophylaxis, but emergence of nonsusceptibility
warrants ongoing monitoring.

summary
We describe demographic and genomic-based features of invasive GBS recovered from
population-based surveillance capturing 9% of the US population in 2015-2017. Annotated
documentation of capsule, surface proteins and antimicrobial resistance determinants inform
vaccine development, prophylaxis, and treatment policies.

Keywords

Capsular serotypes; surface protein distributions; resistance determinants; beta-lactam
nonsusceptibility

Background

Lancefield Group B Streptococcus (GBS), also referred to as Streptococcus agalactiae, is a
major bacterial cause of sepsis and meningitis in neonates and infants [1, 2]. GBS has also
been associated with high rates of invasive infections in adults, especially in patients >65
years and in people with underlying medical conditions [3]. Intrapartum antibiotic
prophylaxis (IAP) to women at risk for GBS infection has dramatically lowered the burden
of early-onset disease (<7 days of age; EOD) [4], but not of late-onset disease (7-89 days;
LOD) [5]. The incidence rates in adults have been increasing [3].

Beta-lactam antibiotics are recommended as first-line therapy against GBS infections and
for IAP because GBS are considered susceptible to these agents. However, GBS isolates
with reduced or non-susceptibility to B-lactams have been detected from invasive and non-
invasive infections [6-9]. Associations with mutations in pbp2x have been well documented
[6-9] making this an excellent target for ongoing surveillance. In the case of penicillin
allergy, GBS IAP guidelines suggest the use of cefazolin, or for women at high risk of
anaphylaxis to a beta-lactam antibiotic, clindamycin (if the GBS is susceptible) or
vancomycin [10]. Increased levels of erythromycin and clindamycin resistance among GBS
have been reported in the USA and elsewhere [3, 5, 11].

Concerns about emerging antimicrobial resistance and the potential for microbiome
dysbiosis resulting from 1AP [12], as well as a need for prevention strategies appropriate for
low income settings in Africa and Asia [1], and the potential for primary prevention among
high risk adults [3], have motivated active efforts to develop vaccines against GBS [1].

Ten structurally and antigenically unique capsular polysaccharide types (la, Ib, Il - IX) have
been described (13). While GBS of all serotypes are capable of causing invasive infections,
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six serotypes (la, Ib, 11, 111, 1V, and V) account for the majority of disease in neonates and
adults (1, 3, 14-16). A 6 valent (la, Ib, 11, I, IV, and V) conjugate vaccine is currently under
development [17, 18].

Protein vaccines are also under development, targeting surface adhesins and virulence
factors [19]. A fusion protein of the N-terminal domains of the alpha C protein and Rib
(GBS-NN) was a promising vaccine in a mouse model [20] and has been tested in phase |
clinical trials in pregnant women. Current phase | trials investigating the safety and
immunogenicity of this vaccine have been performed [17]. A potential advantage of the
GBS-NN vaccine is the expression of highly related Alpha family proteins in a high
proportion of strains [21]. Similarly, a vaccine targeting three different pilus structures could
potentially be broadly protective [22].

Here, we use WGS to describe a large population-based sampling of invasive GBS (iGBS)
collected in the United State from 2015-2017. We quantitate distributions of potential
vaccine targets (capsule polysaccharides, surface proteins) and their associations with major
antibiotic resistance markers within well-recognized clonal lineages.

MATERIALS AND METHODS

Invasive GBS Isolates

ABCs conducts active, population- and laboratory-based surveillance for iGBS disease in
select counties of 10 states across the United States. The areas under surveillance, methods
and key surveillance data through 2017 are described at https://www.cdc.gov/abcs/
methodology/surv-pop.html [23]. All available GBS isolates (n=6,340 from 7,114 cases;
89.1%) recovered from eight of the 10 sites during 2015-2017 were characterized. Isolates
were from individuals of all ages for all sites except for isolates from NY which were
limited to invasive infections in infants <90 days old.

Whole genome sequencing and bioinformatics pipeline

Chromosomal DNA extraction, genomic libraries and WGS was performed as previously
described [9]. Strain features with isolate identifiers and genome accession numbers are
listed in sTable 1. Serotypes, multilocus sequence types (MLST), antibiotic resistance
determinants, and predicted minimum inhibitory concentrations (MICs) were determined
using a previously described GBS bioinformatics pipeline [9]. The ARG-ANNOT and
ResFinder databases were incorporated to detect additional resistance determinants [24, 25].
Conventional broth microdilution results were available for all year 2015 isolates [9] and
years 2016-2017 isolates recovered from Minnesota. Additional strain features that were
extracted from the genomic data included presence/absence of surface protein genes
encoding the hypervirulent GBS adhesin (/vga) [26], serine-rich repeat (srr) proteins [27],
alpha protein family (Alpha, Rib, Alp2/3, Alpl) [19] and pilus islands (P11, PI12A and P12B)
[28] (https://github.com/BenJamesMetcalf) (sTable 2). For each of these sequence queries, =
95% identity was required for a positive result.
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The STs were grouped via the eBURST program [29] into clonal complexes (CCs) whose
members shared at least five of the seven MLST loci; otherwise, an ST was considered an
outlier. The relationship between STs and different parameters of GBS isolates were
illustrated by the minimum spanning tree (PHYLOVIZ software version 2.0; PHYLOViZ
team, Lisbon, Portugal).

Isolates.—Among the 6,340 iGBS strains identified over the 3-year period, 5,778 (91.1%)
were from adult patients (=18 years), with 56 isolates from individuals 90 days — 17 years
(sFigure 1) and 47 from pregnant women. There were 506 isolates from infants < 3 months
of age, with 232 (3.7%) and 274 (4.3%) from EOD and LOD, respectively (Fig. 1A). Most
(86.8%) iGBS isolates were recovered from blood; 72 (1.1%) were from CSF and remaining
12.1% from other body fluids (not shown). The largest number of isolates over the 3-year
period were from Maryland (1,692; 26.7%) and Minnesota (1,508, 23.8%) (sFigure 2).

Vaccine candidate distributions.

Serotypes were predicted for all 10 capsular types with few non-typeable isolates (13/6,340;
0.2%). Overall predicted serotype distribution was similar when comparing serotypes across
each of the eight states (sFigure 2). Serotypes la (1,384; 21.8%), V (1,116; 17.6%), Il
(1,082; 17.1%), 111 (987; 15.6%), Ib (919; 14.5%) and IV (748; 11.8%) accounted for 98.4%
of the isolates (Figure 1A, sTable 3). Serotypes VI, VII, VIII and 1X were rare (<2% of
isolates). The predominant serotype for both EOD (63/232, 27.2%) and LOD (189/274,
69.0%) isolates was serotype I11; serotype Il accounted for 12.6% of the 5,834 remaining
isolates (Figure 1A). Serotypes la, Ib, and 111 represented 138/232 (59.5%) of EOD isolates,
242/274 (88.3%) of LOD isolates, and 46% of the remaining isolates (Figure 1A). Five
serotypes (la, Ib, I, 11, V) accounted for 203/232 (87.5%) of EOD isolates, 257/274
(93.8%) of LOD isolates, and 5,028/5,834 (86.2%) of the remaining isolates. Serotype IV
accounted for 44/506 (8.7%) of the combined isolates from young infants (27/232, 11.6% of
EOD and 17/274, 6.2% of LOD). There were two serotype VI EOD isolates (not shown). In
summary, the top five serotypes represented 91.3% (462/506) of cases in young infants, with
the addition of serotype 1V increasing this proportion to 99.6% (504/506).

At least one of the three pilus backbone determinants, corresponding to three distinct pili
and pathogenicity islands, were detected in almost all (98.5%) GBS isolates (Figure 1B,
sTable 3). The most frequently identified “pilus type” was the combination PI-1 and Pl-2a (n
= 3,691, 58.3%) followed by PI-2a alone (n = 1,953, 30.8%), PI-1 + P1-2b (n = 469, 7.4%),
P1-2b (n = 203, 3.2%) and PI-1 (n = 16, 0.3%). The distributions of the pilus protein types
among isolates recovered from neonatal disease (EOD and LOD) varied markedly from
those isolated from older ages, due to the high proportion of isolates from young infants that
were positive for both PI-1 and PI-2b (186/506, 36.8%), nearly all of which (183/186) were
serotype Il1I.
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Nearly all (n = 6,289, 99.2%) GBS isolates shared a 522 bp sequence with = 95% sequence
identity to one of the four homologous alpha protein family gene queries (alpha, rib, alp2/3,
alpl) (sTable 3). These four alpha family DNA sequence queries, corresponding to the 174
residue N-terminal domains used for the GBS-NN vaccine [20] share approximately 68—
75% sequence identity between them (not shown). The frequencies of the alpha family
protein determinants were similar: alpZ (28.1%), alpha (26.3%), alp23 (23.4%) and rib
(22.2%) (Figure 1C), however rib was much more common among isolates from young
infants. Of the 1,399 rib-positive isolates, 937 (67%) isolates were of serotype Ill. These rib-
positive isolates included 277 (54.7%) of the 506 isolates from young infants (87 EOD, 190
LOD), of which 247 (89.2%) were serotype I11. Most (1,105/1,766, 62.3%) alpI-positive
isolates were of serotype la and 864/1,473 (58.7%) of alp2/3-positive isolates were serotype
V (sTable 3).

Distributions of serotypes and protein vaccine candidate distributions among
clonal complexes.—MLST data was available for 6,336 GBS isolates and 389 STs were
identified (sTable 4). These STs were grouped into seven major CCs: CC23 (24.3%), CC1
(22.1%), CC19 (14.3%), CC12 (12.8%), CC459 (9.4%), CC22 (8.7%) and CC17 (7.3%)
(Table 1 and Figures 2A-2B). Each CC was represented by a dominant serotype: CC585/41
(V; 100%), CC17 (l111; 99.8%), CC459 (1V; 99.7%), CC22 (1l; 99.6), CC26/1087 (V; 96.7%),
CC23 (la; 87.4%), CC12 (Ib; 82.8%), CC328 (V; 77.8%), CC1 (V; 62.3%) and CC19 (llI;
53.2%) (Table 1 and Figures 3A—-3B). There were 28 STs (sTable 5) that were represented
by multiple serotypes.

The distributions of serotypes and CCs among the different age groups from individuals >
90 days of age were similar (not shown). Most EOD and LOD serotype Il isolates
corresponded to CC17 (49/63; 77.8% and 161/186; 86.6%, respectively), which in all ages is
comprised almost entirely of serotype Il isolates (Figures 3A and 3B). Most serotype 111
isolates (444/735, 60.4%) from other age groups were within CC19 (data not shown).

Figures s1, 4 — 5 show the distributions of three different vaccine candidate categories
(capsular polysaccharides, pilus backbone proteins, alpha family proteins) among the
different CCs. Of the seven major CCs, CCs 17, 22, and 459 were each represented almost
entirely by a single serotype (Figure 2A and 2B), pilus type (Figures 4A and 4B), and Alpha
family protein (Figures 5A and 5B). Other CCs showed much less type uniformity for each
of the three potential vaccine classes (Figures 2, 4-5).

Hvga virulence protein.—All 465 serotype 111/CC17 GBS were positive for the /vgA
determinant encoding the major GBS adhesin/invasion, including 161 LOD and 49 EOD
isolates. The remaining eight /vgA-positive isolates were serotype IV (CC17 = 1; CC23 =7)
from adults ranging in age from early 40s to 90 years of age (sTable 3).

Srrl and Srr2.—Serine-rich repeat glycoprotein determinants (srrZ or srr2) were identified
in most of the iGBS isolates (n=6,113, 96.4%) (sTable 3), with sr7Z more predominant (n =
5,507, 90.1%). Srr2 was associated with only two CCs: CC17 (n = 460, 76%) and CC23 (n =
145, 24%). Isolates negative for srrgenes were primarily of the ST28 lineage (80%).

Clin Infect Dis. Author manuscript; available in PMC 2022 March 15.
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Resistance determinants

Of the 6,340 isolates subjected to WGS, 87 (1.4%) did not yield PBP2X types due to
assembly errors. These 87 isolates were subjected to conventional MIC testing and found to
be susceptible to B-lactam antibiotics. There were 79 PBP2x types (sTable 1), defined as any
amino acid sequence difference from the major allele (3,615/6,235, 58%). There were only
54 isolates (0.87%) among the 6,235 examined with one of 31 point mutant alleles of pbp2x
that were determined through phenotypic testing to have decreased susceptibility to one or
more B-lactam antibiotics based on previously described cutoffs [9] (Table 2, Figure 6). Of
these 54 isolates, 37 (68.5%) were also macrolide-resistant (compared to 55% for all isolates
combined). These pbp2x point mutants were distributed over the three years (14, 23, and 17
over years 2015, 2016, and 2017, respectively). Of the 31 point mutant pop2x alleles, eight
(corresponding to PBP2X types 17, 24, 26, 32, 42, 47, 59, and 68) accounted for two or
more of the 54 isolates recovered during at least two of the three years. Six of these eight
types were over-represented by a major strain complex (PBP2x-17, 3/6 Ib/CC12; PBP2x-24,
4/4 1a/ST23; PBP2x-26, 5/5 1a/ST26; PBP2x-42, 2/2 1a/ST23; PBP2x-47, 3/3 VIST1,
PBP2x-59, 2/2 V/ST1).

Only nine isolates within eight PBP2X types 34, 39, 47, 48, 59, 63, 66 and 94 had MICs
above the susceptible breakpoints for ampicillin and/or penicillin (=0.25 mg/L and =0.12
mg/L, respectively) (Table 2). Of these eight PBP2X types, types 34, 39, 59, and 94 also
revealed elevated MICs for the third generation cephalosporins cefotaxime (0.25 mg/L) and
ceftizoxime (1-32 mg/L). The relevant substitutions within these PBP2X types included
G406D (n=4), G398A (n=1), F399V (n=1), A514G+N575K (n=1), L354S (n=1) and Q557E
(n=1), which generally map close to the three conserved catalytic motifs within PBP2X:
344-STMK-347, 402-SSN-404, and 552-KSG-554. PBP2X type 59 (G406D), found within
two serotype V/ST1 isolates, was unique in that it was the only one of these eight PBP2X
types observed in more than one isolate (once in each of years 2016 and 2017), and was also
associated with above-normal MICs for all six of the p-lactam antibiotics tested. In total,
there were 14 isolates of one of 12 different PBP2X types with elevated MICs for 1-4 of the
clinically relevant p-lactams (ampicillin, penicillin, cefotaxime, cefazolin) used in this study.
Thirteen isolates contained a substitution (V or T) at the position A400 (PBP2X type 17, 35,
37,42, 44,70, 81). The PBP2X G415E substitution was found in 10 serotype 1a/CC23
isolates. There was no evidence of contributing mutations within the PBP genes pbpla
(sTable 1) and pbp2b (data not shown). The exception was PBP1a-62 in association with
PBP2X-83, with a D370N substitution. Elevated MICs for cefoxitin and/or ceftizoxime were
the most common, with 78 instances compared to 26 instances for the four other p lactams
combined (Figure 6). It follows that there were only 12 isolates that with reduced
susceptibility to three or more of the six p-lactams (Figure 6).

A very small proportion of isolates were uniformly susceptible to the various antimicrobials
assessed (Figure 7). Erythromycin-resistance (in combination with clindamycin-resistance or
alone) within the six major serotypes ranged from 39.2% (serotype I11) to 77.7% (serotype
IV) (Figure 7). There were several different genes conferring resistance to one or more of the
antibiotic classes including macrolides, lincosamides and streptogramins (sTable 6). Overall,
resistance to erythromycin and clindamycin was predicted to be 55.2% (n= 3,497) and
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43.9% (n= 2,783), respectively. The erm determinants (ermB, ermTR, ermT, ermA) that
confer resistance to macrolides, lincosamide and streptogramin B (MLSg) antibiotics were
found alone or in combination with other determinants in 2,690 strains and represented most
(99.3%) of the combined resistance to erythromycin and clindamycin. The remaining
isolates (18/2,710; 0.7%) contained mef/msrD (conferring erythromycin resistance) and
either the /nu (InuB or InuC) and/or fsa (/saA, IsaC, or IsaE) determinants known to confer
resistance to lincosamides [9, 30]. The M phenotype (erythromycin resistance and
clindamycin susceptibility) was predicted in 779 mefl msrD-positive isolates. One isolate
(20161487) contained an apparent mefhomologue (designated mefSL 1) with 54.5%-53.5%
sequence identity over the entire 398 codon structural gene with the mefA-10 determinant of
the same length in ResFinder and mefB within ArgAnnot (sTable 6, footnote d). There were
67 isolates with predicted resistance to clindamycin only; 59 isolates contained /saC, seven
with both /nuB and /saE, and one with /nuC alone. Tetracycline resistance was predicted in
85.2% (5,399) of isolates, primarily conferred by tetM (n = 5,011, 92.8%) and zetO (4.6%)
(sTable 7). There were 103 (1.62%) GBS isolates with predicted MICs of >4 mg/L for
levofloxacin due to known amino acid substitutions (sTable 8). The GyrA S81L combined
with ParC S79F/Y were the most common substitutions (n= 69, 67%) associated with
fluoroquinolone resistance. Two GBS isolates (20166174 and 20170296), both serotype
V/ST1 and from adult patients in Maryland, contained vanG elements and had MICs of 2
mg/L to vancomycin (sTable 9). The catQ gene conferring chloramphenicol resistance was
detected in 10 isolates. Eighteen isolates had substitutions within the RpoB regions
associated with rifampin resistance. Two isolates carried the dfrG determinant that confers
high-level trimethoprim resistance. Determinants found to be associated with gentamicin
(aac6-aph2) and other aminoglycosides (aph3-111 or ant6-1a) were detected in 17 and 238
isolates, respectively.

During the past 70 years GBS emerged as the most common bacterial cause of newborn
sepsis in the US and globally. Efforts are now ongoing towards development of effective
vaccines to be implemented in pregnancy, and there is also more recognition of the
increasing scope of iGBS disease within adults.

GBS has an extensive and variable array of surface structures, some of which have been
documented as promising vaccine candidates [19]. A hexa-valent polysaccharide
formulation would target nearly all combined EOD and LOD cases. Even in view of this
encouraging data, the concept of universal protein-based vaccines that could target all GBS
is attractive. Our data are consistent with past work indicating that a vaccine containing the 3
pilus protein constituents could conceivably target virtually all GBS [31, 32]. The GBS-NN
vaccine, consisting of a protein that exactly correlates to the riband aloha queries used for
this survey, could also possibly protect against GBS strains, since nearly all isolates carry
and potentially express highly homologous Alpha family proteins [21]. There is uncertainty
in this prediction, since N-terminal regions lack antigenic cross-reactivity and published data
indicating cross-protection of GBS-NN against strains expressing Alpl and Alp2/3 is
lacking [20, 33]. Strains within the established serotype 11l MLST type 17 (ST17) lineage,
that uniformly express the hypervirulent GBS adhesin HvgA, are disproportionally
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associated with neonatal meningitis and sepsis [26] and as shown in this work are uniformly
positive for the Rib protein that comprises half of the GBS-NN vaccine.

Within the four major CCs it appears likely that there has been frequent recombinational
switching of genetic determinants encoding capsular serotype, pilus types, and alpha family
protein type. It is theoretically possible that one or more of the three rarely occurring
serotypes (1.64%) could emerge as a major cause of iGBS disease, possibly facilitated
through expansion of a serotype-switch variant within a major virulent clonal complex. It
should also be noted that the primary CC of each of these three rarely occurring serotypes in
invasive disease are highly associated with an alpha family determinant type and one or
more pilus types.

Although there have been several reports of decreased susceptibility to p-lactam antibiotics
during the past 11 years [6-8, 34] our data from 3 years of surveillance indicates that this
phenotype remains rare within the United States and that impactful emergence of such
strains has not occurred. Nonetheless, the small number of these rare mutant alleles within
members of the same major strain complexes within multiple years suggests that in each of
these strains a level of fitness has been attained that compensates for its altered Ppb2X
protein that is an essential component of the peptidoglycan synthetic apparatus.

We performed conventional testing for > 2,000 of the isolates described here that were
recovered during 2015 and as other studies have described [8, 35, 36], we found that the
detection of unusual PBP2X substitutions within its transpeptidase domain was effective in
flagging all GBS with unusually elevated MICs to p-lactam antibiotics.

Recently we identified two independent vancomycin-nonsusceptible serotype 11/ST22
invasive isolates (each carrying a distinct vanG element) [37]. In the current study we
identified and phenotypically confirmed two vanG-positive, serotype V/ST1 isolates. The
vanG elements detected in GBS to date show near identity to elements found within
Enterococcus, suggestive of a common gastrointestinal interspecies reservoir for accessory
element resistance determinants. Although GBS non-susceptibility to clinically relevant
antibiotics such as p-lactams and vancomycin remains very rare, continued vigilance is
warranted. Continued monitoring of diverse resistance features is essential in view of the
rapidly growing proportion of iGBS that is resistant to macrolides and lincosamides [3, 5]
due to an increasing variety of genetic determinants [9, 30].

Conclusions

We present population-based analysis of more than 6,300 iGBS isolates from the US.
Annotated features from each isolate are linked to a publicly available genomic sequence.
These data establish an important baseline for monitoring this rapidly evolving pathogen and
evaluating the impact of future vaccine candidates. Current capsular serotype and surface
protein distributions indicate that these potential vaccine targets would provide excellent
coverage, especially in young infants.
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Figure 1.
A. Distribution of invasive GBS serotypes among isolates recovered from young infants

(EOD and LOD) and from all other ages. B. Distribution of invasive GBS pilus backbone
protein types among isolates recovered from young infants (EOD and LOD) and from all
other ages. C. Distribution of invasive GBS alpha family protein types among isolates
recovered from young infants (EOD and LOD) and from all other ages.

Clin Infect Dis. Author manuscript; available in PMC 2022 March 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

McGee et al.

No. isolates

1600
1400
1200
1000
800
600
400

200

mn

Page 13

" la
b

n
ulv

O

94 & N °
& & &P PP c,’\« & F o;\b‘ o T
C \ (:,) °>e,
& &
Clonal Complex o cca3

Figure 2.
A. Serotype associations within individual clonal complexes. B. Phyloviz diagram depicting

individual MLST and associations with the 10 different serotypes.

(Note: In the minimum spanning tree, each ST is displayed as a circle and serotypes are
represented by different colors. The size of circles are all the same and do not represent the
prevalence of each ST. Major clonal complexes (CCs) are indicated)
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Figures 3.
A. Clonal complex distributions among GBS causing EOD, LOD, and disease among all

other ages. B. Phyloviz diagram depicting individual MLST and associations with EOD,
LOD, and disease among all other age groups. (Note: In the minimum spanning tree, each
ST is displayed as a circle and serotypes are represented by different colors. The size of
circles are all the same and do not represent the prevalence of each ST. Major clonal
complexes (CCs) are indicated)
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Figure 4.
A. Pilus protein determinant associations with individual clonal complexes. B. Phyloviz

diagram depicting individual MLST and associations with the 5 different pilus profiles.
(Note: In the minimum spanning tree, each ST is displayed as a circle and serotypes are
represented by different colors. The size of circles are all the same and do not represent the
prevalence of each ST. Major clonal complexes (CCs) are indicated)
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Figureb.
A. Alpha family protein associations with individual clonal complexes. B. Phyloviz diagram

depicting individual MLST and associations with the 4 different alpha family protein types.
(Note: In the minimum spanning tree, each ST is displayed as a circle and serotypes are
represented by different colors. The size of circles are all the same and do not represent the
prevalence of each ST. Major clonal complexes (CCs) are indicated)
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Serotype distribution of the 54 GBS isolates from this study with reduced susceptibility or
low-level nonsusceptibility of up to 6 different p-lactam (BL) antibiotics (also shown in
Table 2), including data for reduced or low-level susceptibility for each of the 6 p-lactams
used. The number of isolates are shown above each of the 10 columns. The total number of
isolates represented by each serotype is the sum of the first six columns.
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Proportions of each GBS serotype resistant to the individual antimicrobial classes shown and
the proportion susceptible to all the antimicrobials assessed in this study (includes those
susceptible to the drugs shown and additionally susceptible to clindamycin alone,

vancomycin, rifampin, chloramphenicol, and aminoglycosides).
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