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Group B Streptococcus (GBS) is a major cause of inva-
sive disease in neonates in the United States. Surveillance
of invasive GBS disease in Minnesota, USA, during 2000—
2010 yielded 449 isolates from 449 infants; 257 had early-
onset (EO) disease (by age 6 days) and 192 late-onset (LO)
disease (180 at age 7-89 days, 12 at age 90-180 days).
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Isolates were characterized by capsular polysaccharide
serotype and surface-protein profile; types Il and la pre-
dominated. However, because previously uncommon sero-
type IV constituted 5/31 EO isolates in 2010, twelve type IV
isolates collected during 2000—2010 were studied further.
By pulsed-field gel electrophoresis, they were classified into
3 profiles; by multilocus sequence typing, representative
isolates included new sequence type 468. Resistance to
clindamycin or erythromycin was detected in 4/5 serotype

"This work was presented in part at the XVIII Lancefield International
Symposium on Streptococci and Streptococcal Diseases,
September 4-8, 2011, Palermo, Italy.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 19, No. 4, April 2013 551



RESEARCH

IV isolates. Emergence of serotype IV GBS in Minnesota
highlights the need for serotype prevalence monitoring to
detect trends that could affect prevention strategies.

Slreptococcus agalactiae, or group B Streptococcus
(GBS), is one of the leading causes of invasive bacterial
diseases, such as bacteremia, pneumonia, and meningitis,
in newborns and infants in the first months of life in the
United States (/,2) and in other parts of the world (3—6). In
newborns birth through 6 days of age, invasive GBS disease
is designated as early-onset (EO) and late-onset (LO) in in-
fants 7 days to 3 months of age; some investigators report an
ultra-late period extending well beyond 3 months of age (3).

During the past 20 years, prevention of EO and LO in-
vasive GBS disease in the United States has been an area of
interest for clinicians and public health officials. In the early
1990s, the overall rate of EO disease in the United States was
1.7/1,000 live-born infants (7,8) but differed from one part
of the country to another: for example, 0.56 for Minneapo-
lis/St. Paul, 1.3 for Houston (9), and 1.3 for Maryland (/0).
This high rate prompted the Centers for Disease Control and
Prevention (CDC) to issue guidelines in 1996 for preventing
EO disease by screening pregnant women at 35-37 weeks’
gestation for GBS colonization and administering antimicro-
bial drug prophylaxis to women at risk of transmitting the
organism to the child (/7). Although implementation of the
prescribed measures reduced the rate of EO disease in the
United States to 0.47/1,000 live births by 1999-2001, prob-
lems remained (e.g., risk-based vs. culture-based approaches
to prevention, laboratory detection of colonized mothers, use
of antimicrobial drugs in women with allergies to penicillin,
use of secondary prevention among infants) (/2); these fac-
tors required revision of the guidelines in 2002 (7) and again
in 2010 (/3). However, measures designed to prevent EO
disease have had little effect on the rate of LO disease, which
remained 0.4/1,000 live births throughout the 1990s, varying
only slightly from year to year (8,/2).

GBS isolates are characterized according to capsular
polysaccharide (CPS) serotype, of which 9 are recognized:
Ia, Ib, II-VIII (9, 14—16), and a recently proposed sero-
type IX (/7). Results from earlier studies in various parts
of the United States, including Minnesota, indicated that Ia,
III, and V were the predominant serotypes in EO disease,
whereas serotype III and Ia were predominant in LO dis-
ease (9,10,12,15).

Since 1995, our laboratory has collaborated with the
Minnesota Department of Health (MDH) to serotype isolates
from cases of EO and LO disease in Minnesota in conjunc-
tion with the CDC Emerging Infections Program (7). This
collaboration has enabled us to follow for almost 2 decades
changes in serotype distribution of GBS isolates that cause
invasive disease in Minnesota. Here we report on the epi-
demiology of EO and LO GBS disease in Minnesota over
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11 years, the recent emergence of invasive disease in infants
with serotype IV GBS, and an increase in disease caused by
this serotype in 2010 compared with our previous findings
(15). We provide serotyping results of all isolates from EO
and LO disease collected during 2000-2010 and present data
from molecular characterization by pulsed-field gel electro-
phoresis (PFGE) and multilocus sequence typing (MLST) of
serotype IV isolates from EO and LO disease.

Materials and Methods

Study Design

As part of the CDC Active Bacterial Core Surveillance
Program, GBS isolates from 453 infants in Minnesota with
invasive GBS disease reported during January 1, 2000—
December 31, 2010, were submitted to the MDH Public
Health Laboratory, and the case details were reviewed (7).
Infants were classified according to GBS disease onset and
age: 257 (age birth—6 days) with EO disease, 180 (age 7—89
days) with LO disease, and 12 (age 90—180 days) with de-
layed LO disease. Four infants with first GBS-positive
culture at age 6—13 months were classified with ultra-LO
disease (ULOD) (3) and were not included in our analyses.
The total numbers of live births in Minnesota by year were
provided by MDH.

Study Isolates and Culture Sites

Of the 449 EO and LO isolates studied and analyzed,
403 were from blood, 42 from cerebrospinal fluid (CSF),
and 4 from normally sterile sites (1 bone, 1 joint, and 2
obtained postmortem from liver and lung). One isolate per
infant was included in the analysis. Isolates received from
MDH without patient identifiers were serotyped and stud-
ied by molecular methods at the GBS Molecular Reference
Laboratory (University of Minnesota Medical School Twin
Cities Campus, Minneapolis, MN, USA). Isolates were
tested by using single-colony picks in Todd-Hewitt Broth
(THB) (Bacto; Becton, Dickinson and Company, Sparks,
MD, USA), supplemented with 2% sheep blood.

Reference Strains and Antiserum for Serotyping

We used GBS prototypes from our laboratory of in-
ternationally recognized reference strains of serotypes Ia,
Ib, [I-VIIL, and newly proposed IX; Rabinowitz 3139 was
used for serotype IV (17-19). The prototype strains for sur-
face-expressed proteins were those used previously (/8).
Monospecific rabbit antisera to serotypes la, Ib, II-VIII,
proposed IX, and atypical V (serotype V genetic variant);
surface proteins C-a and C-B; group B protective surface
(BPS) protein; and the R4(Rib), R1, and R1, R4 (Alp3)
species of R were produced in our laboratory against in-
ternational reference strains (/7,18,20,21). All antisera
were tested against all serotypes to ensure no immunologic
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cross-reactions. In addition, molecular typing by PCR con-
firmed all prototype strains used for production of each
type-specific antiserum, including serotype IV.

CPS and Detection of Surface-expressed Proteins

Isolates grown in THB were extracted with hot hydro-
chloric acid and typed by double-diffusion immunoprecipi-
tation in agarose slides with specific antisera to serotypes
Ia, Ib, and II-VIII, as described (/8). An isolate nonreac-
tive with any of these antisera was considered nontypeable
and was regrown in supplemented THB to upregulate CPS
production; the extract was retested (concentrated 3-fold)
with antisera to Ia—VIII, proposed IX, and atypical V. Ex-
tracts from nontypeable and serotype IV isolates were also
tested with antisera to GBS surface-expressed proteins
(16,18-20). Statistical analyses of the typing results (2-sid-
ed p value, Fisher exact test) were done by using InStat
(GraphPad Software, Inc., San Diego, CA, USA); p values
<0.05 were considered significant.

DNA Macrorestriction Profile Analysis

All 12 serotype IV and 2 nontypeable isolates were
studied by PFGE according to published methods (/6,22,23)
by using bacterial DNA digested with Smal (Invitrogen, La
Jolla, CA, USA). The PFGE profile of an isolate was de-
termined by comparing its macrorestriction band pattern to
those of the prototype isolates in our PFGE library (16,22),
including the prototypes from 4 PFGE profile groups delin-
eated among our serotype IV isolates from recent years.

MLST and Clonal Complex Assignment

At least 1 serotype IV isolate from each PFGE pro-
file was studied by MLST as described (/4,16,24). Also
studied were 4 serotype IV blood isolates collected from 2
mothers during the peripartum period and from 2 nonpreg-
nant adults. Results from partial sequencing of 7 house-
keeping genes were compared with data from the Strep-
tococcus agalactiae MLST Database (http://pubmlst.org/
sagalactiae/) to arrive at an allelic profile and sequence type
(ST) for each isolate, as described (/6). The clonal complex
(CC) assignment of each isolate was determined by using
eBURST software (25) so that each CC comprised STs that
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had alleles at 6 of 7 loci in common with >1 other member
of the complex. The study STs were compared with all STs
in the Streptococcus agalactiae MLST Database.

Antimicrobial Drug Susceptibility Studies

All 45 isolates from 2010 were tested for susceptibility
to clindamycin and erythromycin according to Clinical and
Laboratory Standards Institute guidelines (Www.microbi-
olab-bg.com/CLSIL.pdf) by a microdilution MIC method or
gradient diffusion E-test. For 2000-2009, only the 7 serotype
IV isolates were tested. Isolates sensitive to clindamycin
but resistant to erythromycin were further tested by using a
double-disk diffusion D-zone test to determine whether re-
sistance to clindamycin could be induced (26).

Results

During January 2000-December 2010, a total of 257
infants in Minnesota with invasive GBS disease had EO
disease, with GBS isolated from cultures taken during the
first 6 days of life (Table 1). An additional 192 infants had
LO disease, 180 with GBS-positive cultures at 7-89 days
and 12 at 90—180 days of age (delayed LO). Four isolates
from infants with ULOD were not included in our analyses.
Nearly 90% of all isolates were from blood, but the source
of the isolates differed significantly for EO versus LO dis-
ease: 251 EO isolates were from blood, compared with 152
LO isolates (p<0.0001), but CSF was the culture source for
4 EO isolates compared with 38 LO isolates (p<<0.0001).

III and Ia were the predominant serotypes, accounting
for approximately two thirds of the 449 GBS isolates from all
EO and LO invasive disease (Table 2). Nearly another third
consisted of serotypes V, II, and Ib. A few isolates, most-
ly from infants with EO disease, were serotype IV or VII;
5 (1.1%) were nontypeable. All serotype IV isolates were
identified by routine serotyping and did not require supple-
mental growth or concentration of the extracts; only a few
isolates of other serotypes required these extra approaches.

When the distribution of serotypes in EO versus LO
disease was compared, Ia was most commonly isolated in
the 257 EO cases (79, 30.7%), followed by 111 (57, 22.2%),
IT (43, 16.7%), and V (39, 15.2%). In contrast, among
the 192 LO isolates, serotypes III (95, 49.5%) and Ia (57,

Table 1. Distribution of GBS invasive disease in infants by isolate source and age of infant at time of culture, Minnesota, USA, 2000—

2010
No. infants with GBS invasive diseaset
Late onset

Culture source Early onset 7-89 90-180 >181 Total
Blood 251 142 10 3 406
Cerebrospinal fluid 4 37 1 1 43
Other sitest 2 1 1 0 4
All 257 180 12 4 453

*GBS, group B Streptococcus.

1No. isolates studied were 1 per infant (n = 453). Early-onset is birth—6 days. Late-onset categories (age in days at time of culture): classical (7—-89);

delayed (90-180); ultra (>181; not included in analyses).
FOther sites, normally sterile: 1 bone, 1 joint, 2 tissues (1 liver, 1 lung).
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Table 2. Serotype distribution of invasive GBS isolates for
cultures collected from infants, Minnesota, USA, January 2000—
December 2010*

No. (%) patientst

CPS type Early onset Late onset Total

la 79 (30.7) 57 (29.7) 136 (30.3)
Ib 25 (9.7) 12 (6.2) 37 (8.2)

I 43 (16.7) 5(2.6) 48 (10.7)
1 57 (22.2) 95 (49.5) 152 (33.9)
v 8 (3.1) 4(2.1) 12 (2.7)
\Y 39 (15.2) 18 (9.4) 57 (12.7)
VI 2(0.8) 0(0.0) 2(0.4)
Nontypeable 4(1.6) 1(0.5) 5(1.1)
Total 257 (100.0) 192 (100.0) 449 (100.0)

*GBS, group B Streptococcus; CPS, capsular polysaccharide serotype.
tTEarly-onset, patient age birth—6 days; late-onset, patient age 7—180 days.

29.7%) predominated. Serotypes Ia and IV were distributed
similarly among EO and LO isolates (Ia, 30.7% of EO vs.
29.7% of LO; IV, 3.1% of EO vs, 2.1% of LO). Serotypes
II and III, however, had significantly different distribution
in EO and LO disease; serotype Il accounted for 16.7% of
EO versus 2.6% of LO isolates (p<0.0001), whereas sero-
type III accounted for 22.2% of EO versus 49.5% of LO
isolates (p<0.0001). Of the 42 isolates from CSF, serotype
IIT accounted for 50%, whether from infants with EO (2/4)
or LO (19/38) disease. The 4 isolates from ULOD were 1
each of serotypes Ia, Ib, II, and V (data not shown).

During the 11-year study period, the number of infants
with EO or LO invasive disease varied from year to year;
most years had more EO than LO cases (Figure 1). This
variation resulted in yearly incidence that ranged from
0.21 to 0.45 (mean 0.33) per 1,000 live births for EO and
from 0.14 to 0.34 (mean 0.25) per 1,000 live births for LO
disease (Figure 2). Although serotype IV was seen only
sporadically in previous years (Figure 1), incidence of this
serotype increased in 2010, when it was isolated from 5
(16.1%) of 31 infants with EO disease. These 5 cases were
not clustered geographically or temporally.

Among the 12 infants who had serotype IV invasive
disease during 20002010, 11 survived (Table 3). Eight in-
fants had EO disease, all of which were diagnosed within 2
days of birth; only 4 infants, separated temporally, had LO
disease. All infants with EO disease were full term (ges-
tational age 37-42 weeks); for LO infants, all but 1 were
not full term (gestational age 23-34 weeks). Overall, the
proportion of babies born prematurely (<37 weeks) and in-
fected with any GBS serotype was 23.4% (54/231) for EO
disease, 47.0% (77/164) for LO disease, and 53.8% (7/13)
for delayed LO or ULOD disease (data not shown).

Blood was the most common culture source for sero-
type IV isolates (11/12); 1 was from a joint fluid. Isolates
from all 7 infants who had serotype IV GBS disease during
20002009 were susceptible to clindamycin, but 4/5 (80%)
isolates from infants who had EO disease in 2010 were
clindamycin resistant.
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Figure 1. Distribution of early-onset and late-onset invasive group
B Streptococcus disease in infants, by year, Minnesota, USA,
2000-2010. Bars indicate isolates of all capsular polysaccharide
serotypes (CPS); line indicates all serotype IV isolates. A total of
257 infants had early-onset and 192 infants late-onset disease; 12
infants had type IV infection.

Emergence of resistance to clindamycin in serotype IV
isolates during 2010 led us to investigate antimicrobial drug
resistance for all 45 serotype IV isolates cultured from in-
fants with invasive GBS disease during that year. Antimi-
crobial drug susceptibility profiles (Table 4) revealed that 14
(31.1%) of these isolates were resistant to clindamycin and
erythromycin; clindamycin resistance was inducible for 4 of
these 14 isolates. In addition, a higher percentage (>60%)
of isolates of serotypes IV, V, or Ib were clindamycin resis-
tant compared with isolates of the predominant serotypes la
(8.3%) and III (11.1%). Specifically, the percentage of sero-
type IV isolates that were clindamycin resistant (4/5, 80%)
was significantly higher than for all other serotypes com-
bined (10/40, 25%; p=0.027). In 2010, serotype IV account-
ed for 28.6% (4/14) of all isolates resistant to clindamycin.

Because of the increase of invasive disease caused by
serotype IV GBS, we pursued molecular studies on isolates

—&— Early-onset

— & —late-onset

Incidence/1,000 live births

0+ T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010

Figure 2. Incidence of early-onset and late-onset group B
Streptococcus disease per 1,000 live births, by year, Minnesota,
USA, 2000-2010.
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Table 3. Patient characteristics of and clinical data for serotype IV GBS isolates from infants with invasive GBS disease, Minnesota,

USA, January 2000-December 2010*

Patient age at Patient Clindamycin Isolate protein Isolate PFGE
Period Disease typet diagnosis outcome  Culture source  susceptibilityt profile profile
2001-2009 Late-onset 98 d Survived Joint fluid S C-a and BPS 37a
Late-onset 30d Survived Blood S C-a and BPS 37
Late-onset 9d Died Blood S BPS 37a
Early-onset 1d Survived Blood S None 40
Late-onset 9d Survived Blood S BPS 37a
Early-onset 2d Survived Blood S BPS 37a
Early-onset 1d Survived Blood S BPS 37a
2010 Early-onset 1d Survived Blood R C-a 39a
Early-onset Newborn Survived Blood R C-a 39¢c
Early-onset Newborn Survived Blood R C-a 39a
Early-onset Newborn Survived Blood R C-a 39a
Early-onset Newborn Survived Blood S BPS 37a

*GBS, group B Streptococcus; PFGE, pulsed-field gel electrophoresis; C-a, C-protein o; BPS, group B protective surface protein.

tEarly-onset, patient age birth—6 days; late-onset, patient age 7-180 days.
1S, susceptible, MIC <0.25 pg/mL; R, resistant, MIC >1 pg/mL.

of this serotype. Figure 3, panel A, shows the PFGE DNA
macrorestriction band patterns of the serotype IV prototype
isolates, designated 37, 38, and 39 (/6), and profiles we
classified as 39¢ and 39a from 2 study isolates expressing
only C-a protein. Profiles of 6 isolates with C-a protein and
BPS protein or only BPS protein appeared to be identical
or very similar and were designated 37 or 37a for their re-
semblance to the group 37 prototype (Figure 3, panel B).
The profile of an isolate that did not express any of the
surface proteins studied was unique and was classified as
profile 40. Overall, isolates with C-a and BPS proteins or
BPS protein alone were in PFGE profile group 37 or its
subgroups and were susceptible to clindamycin; those with
only C-a protein were in subgroups of PFGE group 39 and
were resistant to clindamycin (Table 3).

To investigate further genetic relatedness among se-
rotype IV isolates from invasive GBS disease in Minne-
sota, we studied 4 isolates from infants and 4 from adults
by using MLST (Table 5). We found that the serotype IV
prototype strain 3139, studied for comparison, was ST2 in
CC1 (data not shown). Among isolates from infants, 1 was
ST196, 2 were ST452, and 1 was ST468, a new sequence
type (allelic profile 5,25,4,3,2,3,1). Among isolates from
adults, 1 was ST196, 2 were ST291, and 1 was ST459. The
5 STs were grouped into 3 major CCs: ST196 and ST459
in CC1, ST291 in CC17, and ST452 and ST468 in CC23.
ST468 was a single-locus variant of ST452, which we

recently described (/6), while ST459 was a single-locus
variant of the much older ST196. Of the 8 isolates, 1
(PFGE profile 39a, ST459) was resistant to clindamycin
(data not shown), as were other isolates in subgroups of
PFGE profile group 39 (Table 3). The PFGE profiles of all
the serotype IV isolates were classified into 5 groups or
their subgroups: 37, 39, and 40 for isolates from infants;
36, 38, and 39 for isolates from adults (Tables 3, 5).

Discussion

As in the rest of the United States and other parts of
the world (8,12,13,27,28), in Minnesota, GBS is one of the
leading causes of invasive bacterial infections in infants
during the first year of life. Overall, the yearly incidence
rate of EO and LO disease in this state decreased modestly
from 2000 to 2010; however, even with implementation of
control guidelines issued by CDC, some years had an in-
crease in incidence, as occurred for EO disease in 2010.

Our finding that GBS caused invasive disease beyond
the third month of life for 9% of infants in our study was
in keeping with previous reports (3). Investigators have
found that premature birth was a major risk factor for LO or
ULOD GBS disease (8,13,28,29). Prematurity was likely
a contributing factor for LO disease in infants <90 days
of age, in particular for those with delayed LO disease or
ULOD. The proportion of infants with these disease types
who were born preterm was >2x that for infants with EO

Table 4. Clindamycin susceptibility profiles of GBS isolates from 45 infants with invasive GBS disease, Minnesota, USA, 2010*

Antimicrobial susceptibility profilet

CPS serotype

Clindamycin Erythromycin D-test la Ib 1l 1l [\ V Total
S S Not done 7 1 0 13 1 2 24
S R Negative 4 0 0 3 0 0 7
S—R R Positive 1 1 0 2 0 0 4
R R Not done 0 2 1 0 4 3 10
Total no. 12 4 1 18 5 5 45
No. (%) resistant 1(8.3) 3(75.0) 1 2(11.1)  4(80.0) 3(60.0) 14 (31.1)

*GBS, group B Streptococcus; CPS, capsular polysaccharide serotype.

1S, susceptible, MIC <0.25 pg/mL; R, resistant, MIC >1 yg/mL; S—R, inducible resistance to clindamycin indicated by positive D-zone test (double-disk

diffusion test).
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Figure 3. DNA macrorestriction profiles for serotype 1V isolates from invasive group B Streptococcus (GBS) disease in infants, Minnesota.
Isolates were studied by Smal digestion and pulsed-field gel electrophoresis (PFGE) analysis and were designated as expressing
C-protein a (C-a) or group B protective surface protein (BPS). Lane number is at the top and PFGE profile number at the bottom of each
lane. A) Lane 2, A molecular size standard; lanes 3 and 4, serotype IV/C-a GBS isolates from early-onset disease; lanes 5-7, prototypes
of PFGE profile groups 39 (IV/C-a), 38 (IV/C-a), and 37 (IV/C-a and BPS); lane 8, internal standard 89-022 (Ib/C-a and C-B). B) Lane 1,
A molecular size standard; lane 2, PFGE profile 37 prototype (IV/C-a and BPS); lanes 3-8, isolates from late-onset disease; lanes 7-9,
isolates from early-onset disease; lane 10, internal standard 89-022. Protein profile of isolates in lanes 2—4, C-a and BPS; lanes 5-8, BPS

only. The isolate in lane 9 did not express any of the proteins studied.

disease; in Minnesota, as in other parts of the United States
(30), =75% of infants with EO disease are born at full term.

Our results on the distribution of serotypes from all GBS
invasive disease were consistent with studies showing that,
worldwide, serotype III continues to predominate, followed
by serotypes Ia and V (27,31). We found that the predomi-
nant serotypes in EO disease continued to be Ia, followed
by III, with these serotypes in reverse order for LO disease,
similar to our previous findings for Minnesota (/5) and find-
ings for other parts of the country (9). However, in marked
contrast to the 1990s, when the prevalence of serotype V was
2x that for serotype II (15), serotype II was the third most
prevalent serotype for EO disease in our study.

Characterization of GBS isolates by serotype over time
enabled us to track the emergence and spread of serotype
IV as a cause of invasive disease in Minnesota. These re-
sults showed that this previously less common serotype has
become more common, starting in the mid-1990s, when se-
rotype IV was found in a few adults (2 mothers in the peri-
partum period and 1 nonpregnant adult) (/5); subsequently,
in 2001, the first case of LO disease caused by serotype IV
was found, and in 2010, this serotype became prominent
in causing GBS disease. Isolation of this serotype in 2011
from 2 infants with LO disease suggests its continued pres-
ence in the community (P. Ferrieri, unpub. data).

Our findings raise the possibility that serotype IV, al-
though reported previously from a case of EO disease in
the United States (32) and in small numbers from other
parts of the world (6), has the potential to emerge as a
notable cause of invasive GBS disease not only among
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newborns but also among older infants through the first
year of life, just as occurred with serotype V during the past
2 decades (33,34). The sharp increase in 2010 of disease
caused by serotype IV isolates and concurrent emergence
of clindamycin resistance within this serotype could fore-
shadow problems similar to those for serotype V; a high
percentage of antimicrobial drug—resistant serotype V iso-
lates (1/4,26,35) cause disease in infants and older adults
(33,36). We found not only an increase in the percentage
of nonpregnant women in the United States colonized with
serotype IV in vaginal/rectal sites (/6) but also evidence of
clindamycin resistance, with 3 of 8 representative serotype
IV isolates studied found to be resistant (P. Ferrieri, unpub.
data). Because the vaginal tract is a reservoir for GBS caus-
ing EO disease (/3,37), increased colonization of this site
with clindamycin-resistant serotype IV GBS is of concern.
Careful attention must be given to the type of intrapartum
antimicrobial drug prophylaxis administered; GBS isolates
should be assessed for inducible clindamycin resistance
when penicillin, ampicillin, or cefazolin cannot be used.
Among the serotype IV isolates from invasive GBS
disease, we observed association among PFGE profile,
surface protein profile, and susceptibility/resistance to
clindamycin. Isolates with only BPS protein or C-a and
BPS proteins were in PFGE group 37 and susceptible to
clindamycin; those with only C-o protein were in group 39
or its subgroups and resistant to clindamycin. Results from
a study of serotype IV isolates from colonized nonpregnant
women living in various areas in the United States showed
a similar association between surface protein profile and
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Table 5. Molecular characteristics of serotype IV GBS isolates causing invasive disease in infants and adults, Minnesota*

Isolate sourcet PFGE profile Allelic profilet Sequence type§ Clonal complexy
Mother, early-onset 38d 1,1,3,1,1,12,2 196 1
Infant, early-onset 40 1,1,3,1,1,12,2 196 1
Nonpregnant adult 39a 1,1,3,1,41,12,2 459 1
Mother, early-onset 36¢c 2,251,2,1,1,1 291 17
Nonpregnant adult 36d 2,25,1,2,1,1,1 291 17
Infant, late-onset 37 5,25,4,3,2,3,3 452 23
Infant, late-onset 37a 5,25,4,3,2,3,3 452 23
Infant, early-onset 37a 5,25,4,3,2,3,1 468 23

*GBS, group B Streptococcus; PFGE, pulsed-field gel electrophoresis.

tTEarly-onset, patient age birth—6 days or mother during peripartum period; late-onset, patient age 7—180 days.
FMultilocus sequence type of 7 housekeeping genes (adhP, pheS, atr, gInA, sdhA, glcK, tkt).

§From http://pubmist.org/sagalactiae database.
{IDetermined by eBurst analysis (25).

PFGE profile (16). MLST results suggested a possible as-
sociation between clindamycin resistance and ST459.

In contrast to colonizing serotype IV isolates, which
have limited clonal diversity (/6), results from our mo-
lecular studies of invasive serotype IV isolates showed
that the 16 isolates cultured since 1995 spanned 5 PFGE
profiles, 5 STs, and 3 CCs, which suggests greater genetic
diversity. Among 97 colonizing serotype IV isolates from
a wider area of the United States, we found 3 PFGE profile
groups (37-39) and 2 STs (452 and 459) (16); in contrast,
among just 16 invasive isolates in this study, we found the
same PFGE profiles and STs and 2 additional PFGE pro-
file groups (36 and 40) and STs (196 and 468). In other
MLST studies of GBS isolates (4—6,14,38,39), only small
numbers of serotype I'V have been included, and these have
most often been placed in CC1 and a few in CC17, 2 CCs
with STs seen in our study. The fact that 3 of our serotype
IV isolates, particularly ST459, were in CC1 may be of
importance because a large percentage of serotype V iso-
lates, many of them antimicrobial drug resistant, have been
placed in this CC (4,/4). Two of our invasive isolates were
in CC17 and 3 in CC23; these are well-known CCs that
contain many isolates of various serotypes from invasive
disease in infants and adults (38,39) or that are associated
with virulent clones (3,6,38). ST452 and ST459 are new
STs from women colonized with serotype IV (/6).

The emergence of invasive serotype IV GBS disease
in Minnesota underscores the value of monitoring preva-
lent serotypes in a community to detect new epidemiologic
trends. In an era when antimicrobial drug prophylaxis is
used during childbirth, these findings also highlight the
need to be aware of antimicrobial drug-resistant isolates
of all serotypes (26,35). Although maternal immunization
with conjugate vaccines incorporating the most common
GBS serotypes remains one of the most promising strate-
gies for disease prevention (27,40), continued assessment
of this and other approaches is essential (8,73,30,37).
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