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Background: Intrapartum antibiotic prophylaxis for neonatal group
B streptococcal disease (GBS) effectively prevents disease among
infants �7 days old, but there are no prevention strategies for
late-onset GBS disease (onset on days 7–89 of life). We describe
trends in late-onset GBS over a 16-year period to characterize
disease burden and estimate vaccine preventability.
Methods: We conducted active, population-based surveillance for
invasive late-onset GBS disease in 10 states from 1990 to 2005. A
case was defined by GBS isolation from a normally sterile site on
day 7–89 of life in a surveillance area resident. Incidence rates were
calculated per 1000 resident live births.
Results: We identified 1726 cases; 26% presented with meningitis,
and the case fatality ratio was 4.3%. Incidence was similar through-
out the study period. Incidence among black infants was approxi-
mately 3 times that among nonblack infants; the disparity persisted
when data were stratified by gestational age. We estimate approxi-
mately 1300 cases of late-onset GBS occur annually in the United
States. Birth at �37 weeks gestation was common among case-
infants (49%) and was associated with elevated case fatality (relative
risk: 3.8; 95% confidence interval: 1.1–13.2). Of 653 serotyped
isolates, serotypes III (53%), IA (24%), and V (13%) predominated.

During 2003–2005, 81 (36%) of the 227 cases caused by serotypes
III, IA, and V were born before 34 weeks gestation.
Conclusions: The late-onset GBS disease burden remains substan-
tial. A trivalent vaccine could be an effective prevention strategy.
Because many cases were born preterm, reducing the opportunity for
transplacental antibody transfer, adolescent immunization should be
considered.
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When group B streptococci first emerged as a major cause
of neonatal sepsis and death in the United States,1–4 the

incidence of disease was highest among infants in the first
week of life (early-onset GBS disease).5 National guidelines
for early-onset GBS disease prevention, first issued in 19966

and updated in 2002,7 were associated with a nearly 80%
decline in the incidence of early-onset GBS disease in the
United States8,9; meanwhile, the frequency of intrapartum
antibiotic use rose to approximately 30% of deliveries.10,11

In contrast, there are no prevention strategies for GBS
infection among infants with illness onset on day 7–89 of life
(late-onset GBS disease). Although prematurity, black race,
and maternal GBS colonization are known to increase the risk
of late-onset GBS disease,12,13 these risk factors have not led
to the identification of interventions. A lack of understanding
of the dominant modes of late-onset disease transmission
further hinders efforts to develop prevention measures; fewer
than half of infants with late-onset GBS disease are born to
mothers with prenatal GBS colonization,13 suggesting that direct
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vertical transmission is only partly responsible. Although case
reports have implicated breast milk14–18 and the hands of health-
care workers as sources of infection,19–21 whether these are
common routes of transmission is unknown.

Because vertical transmission likely contributes to late-
onset GBS disease, it was hoped that intrapartum prophylaxis for
early-onset GBS disease might also prevent some cases of
late-onset disease. Previous evaluations of surveillance data5,22

suggest this has not occurred, but the hypothesis has not been
rigorously evaluated. Also unexplored are potential unintended
consequences of widespread intrapartum antibiotic prophylaxis
on late-onset disease. Theoretically, intrapartum antibiotics may
delay GBS disease presentation, shifting disease onset into the
period beyond the first week of life. Changes in the serotypes or
antibiotic susceptibility of the organisms responsible for late-
onset GBS disease could also have occurred, conceivably alter-
ing the severity of late-onset GBS disease.

To date, vaccination is the most promising strategy for
late-onset GBS disease prevention23; serotype-specific cap-
sular polysaccharide-conjugate vaccines currently hold the
most potential, and common protein vaccines are also under
development.24,25 Proposed approaches include vaccination
of adolescent girls or vaccination in the third trimester of
pregnancy.24 Trials of candidate vaccines have found that
serum antibody concentrations peak 4–8 weeks after immu-
nization, so the optimal timing for maternal vaccination
would be early in the third trimester.26,27 In a report on new
vaccines for the 21st century, the Institute of Medicine
identified a GBS vaccine for either pregnant women or
adolescent girls as favorable compared with developmental
vaccines against other infections.28 The recent recommenda-
tion for use of the human papilloma virus vaccine among
adolescent girls has led to strengthening of the adolescent
immunization platform, paving the way for an adolescent
GBS vaccination strategy.

To evaluate the impact of early-onset GBS prevention
strategies on late-onset GBS disease and assess the potential
for vaccine prevention of late-onset disease, we analyzed data
from 16 years of multistate, population-based surveillance.
We also described the recent epidemiology of late-onset GBS
disease and estimated the current national burden of disease.

METHODS
Active Bacterial Core Surveillance. We conducted active,
population- and laboratory-based surveillance for invasive
GBS disease from 1990 to 2005 using previously described
methods for the Emerging Infections Program.29 Participating
laboratories processed cultures for residents of the following
areas: 3 California counties since 1990; 5 Colorado counties
since 2001; Connecticut, statewide since 1996; 8 Georgia
counties since 1990 and 12 additional counties since 1997;
Maryland, statewide since 1992; 7 Minnesota counties since
1996 and statewide since 1999; New Mexico, statewide since
2004; 7 New York counties since 1998 and 8 additional counties
since 1999; 3 Oregon counties since 1996; and 4 Tennessee
counties since 1990, 1 additional county since 1995, and 6
additional since 2000. These areas had a total of 454,505 live
births in 2004, 11% of live births in the United States.30 The

2004 population under surveillance was 72% white, 18% black,
and 9% other races; the full United States population in 2004
was 82% white, 13% black, and 5% other races.

A case of invasive GBS disease was defined by isola-
tion of GBS from a normally sterile body site in a surveil-
lance area resident less than 90 days of age. We excluded
GBS cultures taken from amniotic fluid, placental products,
or urine. Medical records were reviewed using a standardized
case-report form, which was expanded to capture detailed
prenatal, obstetric, and neonatal information in 2003.
Isolate Collection and Testing. Collection of GBS isolates for
serotype characterization and antibiotic susceptibility testing
was optional. Maryland and metropolitan Atlanta, Georgia
collected isolates between 1992 and 1994. In 1996, Minne-
sota and Oregon began isolate collection, and the number of
sites participating in isolate collection increased to 7 by 2005
(Colorado, Georgia, Maryland, Minnesota, New Mexico,
New York, and Oregon). Isolates were serotyped by latex
agglutination tests with rabbit antisera to GBS capsular poly-
saccharide types Ia, Ib, and II–VIII.31 The Lancefield method
was used when latex tests were indeterminate.32 If both tests
were indeterminate, the isolate was classified as nontypeable
(NT). Isolate susceptibility to penicillin, ampicillin, cefazolin,
erythromycin, clindamycin, and vancomycin was determined
by broth dilution using interpretive standards established by
the Clinical and Laboratory Standards Institute.33

Definitions. We considered cases with positive sterile-site
cultures obtained on day 1 through 6 of life early-onset GBS
disease and cases with positive cultures from day 7 to 89 of
life late-onset GBS disease. Presenting clinical syndromes
were defined based on discharge diagnosis recorded in the
medical record. Additionally, all infants with CSF cultures
positive for GBS were categorized as having meningitis.
Infants with isolated bacteremia had GBS isolated from blood
only and had no alternate syndrome recorded in the medical
record. Late-onset GBS cases with a first positive GBS
culture obtained 3 or more days after hospitalization were
considered nosocomial. We defined prematurity as birth be-
fore 37 weeks of gestation. Low birth weight was defined as
weight �2500 g; very low birth weight was defined as �1500
g. Race, as recorded in the medical record or, when missing,
on the birth certificate, was categorized as black, white, or
other, and ethnicity as Hispanic or non-Hispanic. Disease
outcome was collected from the infant record and represents
in-hospital death or survival to hospital discharge. In-hospital
deaths were attributed to GBS disease. We considered 1990–
1995 the period of limited neonatal GBS disease prevention,
1996–2002 the years of transition to widespread implemen-
tation of intrapartum antibiotic prophylaxis, and 2003–2005
the period of universal screening.
Analysis. For incidence rate calculations, numerators were the
observed case counts from surveillance, and denominators
the number of live births in the participating surveillance
sites, obtained from state vital records.30,34 Incidence for
2005 was calculated using 2004 live birth data. Trends in
GBS disease incidence over time in consistently collecting
areas alone did not differ importantly from trends identified in
recently added surveillance areas, so data from all 10 collect-
ing sites were combined for the analysis of trends over time.
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For descriptive epidemiology, we limited analysis to data
from 2003 to 2005, years for which enhanced maternal and
labor and delivery data were available. Beginning in 1996,
race was obtained from the birth certificate if missing from
the prenatal chart. For incidence rate and burden of disease
calculations, race was assigned using a multiple imputation
method (described elsewhere35) if missing from both the
prenatal chart and the birth certificate. To estimate the na-
tional burden of disease, we applied race-specific rates of
invasive neonatal GBS disease identified through surveillance
to U.S. population figures for each racial group. Analyses
were conducted using SAS, version 9.1. Ninety-five percent
confidence intervals are reported throughout. �2 tests were
used to compare proportions, and a P value �0.05 was
considered significant. The Kruskal-Wallis test was used to
compare medians. Changes in incidence over time were
analyzed using the �2 test for linear trend.

RESULTS
We identified 1726 cases of late-onset neonatal GBS

disease between January 1990 and December 2005. Seventy-
nine percent of isolates were obtained from blood, 19% from
cerebrospinal fluid, 2% from synovial fluid, and �1% from
other sites. Twenty-three (1%) episodes were polymicrobial;
organisms identified in samples with GBS included entero-
cocci, coagulase negative staphylococci, and Staphylococcus
aureus. Approximately half (52%) of case-infants were male;
48% were black, 44% were white, 4% were of other races,
and race was unknown for 4%.
Trends in Late-Onset GBS Disease. Between 1990 and 2005,
the incidence of late-onset GBS disease ranged from as low
as 0.29 to as high as 0.47/1000 live births annually (Fig. 1A).
There was some year-to-year fluctuation but no marked
change in the incidence of late-onset GBS disease during the
study period; incidence was 0.41/1000 live births during the
years of limited prevention (�2 for linear trend � 0.04; P �
0.85), 0.34/1000 during the transitional years (�2 for linear
trend � 1.8; P � 0.18), and 0.35/1000 during the period of
universal screening (�2 for linear trend � 1.3; P � 0.25). As
shown previously,8,9,23,30 the incidence of early-onset disease
declined by 80% during this period (Fig. 1A). Because
intrapartum antibiotics could conceivably have a greater ef-
fect on GBS disease within the first month of life than on
disease later in infancy, we stratified late-onset GBS disease
into 2 age groups: 7-29 days and 30-89 days of age at onset.
The incidence of late-onset disease in each of these age
groups was stable between 1990 and 2005 (Fig. 1B). Early-
onset GBS disease was approximately 3 times as common as
late-onset disease in the years of limited GBS prevention, but
the incidences of early and late-onset GBS disease were
similar during the period of universal screening (0.34/1000
and 0.35/1000, respectively).

The incidence of late-onset GBS disease in black in-
fants was approximately 3-fold that in nonblack infants
throughout the study period (Fig. 2, http://links.lww.com/
A563). This disparity persisted when incidence was stratified
by gestational age: full-term incidence from 2003 to 2005
was 0.42/1000 in black infants and 0.11/1000 in nonblack

infants, whereas preterm incidence was 2.49/1000 in black
infants and 1.03/1000 in nonblack infants. During 2002-2005,
the incidence of late-onset GBS disease rose in black infants (�2

for linear trend � 4.6; P � 0.03) while remaining stable in
nonblack infants (�2 for linear trend � 0.3; P � 0.58).

Late-onset GBS disease presented most often with
isolated bacteremia (67%), followed by meningitis (26%),
pneumonia (2%), cellulitis (2%), and septic arthritis (2%).
The proportion of cases presenting with meningitis (range,
21–35%) did not increase during the study period (Table 1).
Overall, the median age at onset of illness was 36 days,
shifting from 32 days in the years of limited GBS disease
prevention to 37 days during the transitional years and in the
era of universal screening (Kruskal-Wallis �2 � 4.94; P �
0.08). Of 1692 cases with a known outcome of illness, 73
(4.3%) died; the case-fatality ratio was 4.3 in the years of
limited GBS disease prevention, 4.8 in the transition years,
and 3.5 in the era of universal screening. The case-fatality
ratios associated with bacteremia, meningitis, and pneumonia
were 3%, 6%, and 12%, respectively.
Descriptive Epidemiology, 2003–2005. Between 2003 and
2005, 468 cases of late-onset GBS disease occurred in the
surveillance areas; enhanced prenatal, neonatal, and maternal
data were available for 455 (97%). Characteristics of case-
infants are shown in Table 2. One hundred twenty-five cases
(27%) presented with meningitis. GBS was isolated from cere-
brospinal fluid (CSF) and blood in 37% of these cases, from
blood alone in 35%, and from CSF alone in 28%. Of the 222
case-infants (49% of 455) born preterm, the median gestational
age was 30 weeks (interquartile range, 27–34 weeks).

The median maternal age was 25 years. Maternal pre-
natal GBS screening was documented for 182 (40%) cases.
Of the 273 cases with no or unknown maternal screening
status, 187 (69%) were born preterm. Eighty-three (46%)
mothers with documented prenatal screening were positive
for GBS colonization. Nearly half of case-infants (47%) were
exposed to intrapartum antibiotics, most often for GBS pro-
phylaxis (56%), caesarian section prophylaxis (6%), or sus-
pected chorioamnionitis (6%).

In 127 cases (28%), GBS was isolated at least 3 days
after hospital admission; the median age at the time of
nosocomial GBS onset was 38 days (interquartile range,
21–54 days). Nearly all (n � 121, 95%) of the nosocomial
cases occurred in preterm infants (median gestational age, 28
weeks), 110 of whom remained hospitalized between birth
and the onset of GBS disease. The median duration of
hospitalization was 10 days (intraquartile range, 6–14 days)
among non-nosocomial cases (n � 304), and 73 days (inter-
quartile range, 49–92 days) among nosocomial cases.

We examined characteristics associated with death for 453
cases with a known outcome of illness (Table 3). Preterm birth
�relative risk (RR): 3.8; 95% confidence interval (CI): 1.1–13.2]
and very low birth weight (RR: 5.8; 95% CI: 1.9–18.1) were
associated with an elevated risk of death. The case fatality ratio
was 1% in full-term infants, 3% in infants with a gestational age
of 29–36 weeks, and 8% in infants born at �29 weeks gesta-
tional age (P � 0.005 for linear trend). Infants with very low
birth weight had a case fatality ratio of 8%, compared with 2%
in infants with normal birth weight (P � 0.005).
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FIGURE 1. A, Incidence of early- and late-onset invasive group B streptococcal disease (GBS) in 10 U.S. surveillance areas,
1990–2005. B, Incidence of invasive group B streptococcal disease in 2 subsets of late-onset group B streptococcal disease,
ages 7–29 days and 30–89 days.
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Based on surveillance data from 2003 through 2005, we
estimate that 1300 cases of late-onset GBS occur in the
United States annually, and that approximately 350 of these
present with meningitis.
Serotype Distribution and Vaccine Formulation Implications.
Seven hundred eighty-five cases of late-onset GBS disease
occurred in surveillance areas that participated in isolate
collection for any period between 1992 and 2005; serotyping
was performed on 653 (83%) of these. Serotype was available
for 157 (86%) of 182 meningitis cases which occurred in
areas with isolate collection, 60% of which were due to
serotype III. Compared with infection with other serotypes,
infection with serotype III conferred an elevated risk of
presenting with meningitis (RR: 1.3; 95% CI: 1.0–1.6).

Serotypes III, IA, and V were the most common serotypes
throughout the study period, together accounting for 586 (90%) of
cases with a known serotype (Table 4). The proportion of cases
caused by these 3 serotypes did not differ significantly by race
(blacks: 88%; nonblacks: 91%; �2 � 1.61; P � 0.20).

Between 2003 and 2005, the years when gestational age
data were available, 315 cases of late-onset GBS disease
occurred in areas with ongoing isolate collection. Both ges-
tational age and serotype were available for 262 (83%) of
these infants. Serotypes III, IA, and V caused 227 (87%) of
these cases (full-term: 92%; preterm: 82%; �2 � 5.26; P �
0.02). Infection with serotype III caused a smaller proportion
of preterm cases than full-term cases (39% versus 67%; �2 �
20.31; P � 0.001), while serotype V was more common in
preterm case-infants than full-term case infants (20% versus
5%; �2 � 13.13; P � 0.001). Among the 227 cases due to
serotypes III, IA, and V, gestational age was less than 34
weeks for 81 cases (36%) and 34 weeks or greater for 146
cases (64%).
Antibiotic Susceptibility. Antibiotic susceptibility testing was
performed on 457 (70%) of 655 isolates from sites with

isolate collection between 1996 and 2005. All isolates were
susceptible to penicillin, ampicillin, and vancomycin. There
are no minimum inhibitory concentration breakpoints for
cefazolin; all 423 isolates tested for cefazolin sensitivity were
below a minimum inhibitory concentration of 1. Twenty-
seven percent of isolates were resistant to erythromycin and
12% were resistant to clindamycin.

DISCUSSION
This study provides a comprehensive, population-based

depiction of trends in late-onset neonatal GBS disease be-
tween 1990 and 2005, a period of important changes in
prevention strategies for early-onset GBS disease. In contrast
to the marked decline in early-onset GBS disease seen during
this period, there were no major shifts in the incidence of
late-onset GBS disease; even among infants with disease
onset on day 7–29 of life, intrapartum antibiotics do not seem
to prevent the development of GBS disease.

Late-onset GBS infections cause a substantial burden of
disease in the United States; the estimated number of annual
cases has been similar to that for early-onset GBS disease
since 2003.22 In keeping with an earlier report from this
surveillance system,5 over one quarter of late-onset GBS
cases in this study presented with meningitis, which may lead
to serious disability in approximately one-third of survi-
vors.36 In addition to death and long-term sequelae, late-onset
GBS disease often leads to lengthy hospitalizations, likely
incurring considerable cost of care.23 Prevention of late-onset
GBS disease warrants renewed attention, particularly as ad-
vances in neonatal care enable preterm and low birth weight
infants to survive the first week of life.

Although serotype data were available for only a small
percentage of cases from the early years of this study, our
results provide population-based evidence that 3 dominant

TABLE 1. Incidence, Clinical Presentation, and Case-Fatality Ratio for Cases of Invasive Late-Onset Group B
Streptococcal Disease in 10 U.S. Surveillance Areas Between 1990 and 2005, by Period of Prevention for Early Onset
Group B Streptococcal Disease

Prevention Period, Year Population Under
Surveillance n Incidence/1000

Live Births
Median Onset
of Illness (d)

Percent Presenting
With Meningitis

Case Fatality
Ratio (per 100)

Period of limited
neonatal prevention

1990 122,279 52 0.43 36 27 4.9
1991 120,979 49 0.41 29 35 17.8
1992 196,528 72 0.37 31 25 1.4
1993 193,245 91 0.47 40 29 2.2
1994 191,502 65 0.34 30 26 4.8
1995 190,289 86 0.45 31 22 1.2

Transition to widespread
adoption of prevention policy

1996 290,372 100 0.34 39 30 3.1
1997 304,040 111 0.37 37 21 1.8
1998 326,434 113 0.35 33 21 4.4
1999 366,635 118 0.32 35 25 4.3
2000 386,798 139 0.36 41 30 6.5
2001 419,062 141 0.34 35 30 5.7
2002 418,244 121 0.29 36 22 6.7

Era of universal screening
2003 427,073 135 0.32 36 22 3.0
2004 454,505 168 0.37 39 26 4.2
2005 454,505 165 0.36 35 33 3.1
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serotypes caused the majority of late-onset GBS cases occur-
ring between 1992 and 2005. The relative stability in serotype
distribution is encouraging for vaccine development. Assum-
ing that placental transfer of maternal antibodies to the fetus
could offer protection against GBS disease to neonates born
at 34 weeks gestation or later,37 our results indicate that
administration of a maternal vaccine effective against sero-
types III, IA, and V early in the third trimester of pregnancy
could have prevented up to 64% of cases due to these
serotypes, or 56% of all late-onset GBS cases. Serotypes IA,
III, and V are responsible for the majority of early-onset and
adult GBS cases as well,38–40 so a vaccine targeting these
serotypes holds promise for disease prevention across age
groups.

This is a propitious time to examine the prospects for
vaccine prevention of late-onset GBS disease, as the recent
recommendation for use of human papilloma virus vaccine
has made routine vaccination of adolescent girls a relevant,
viable strategy. Vaccination during adolescence would pro-
vide ample time for the maternal immune system to form
protective GBS antibodies before placental antibody transfer.
It is also conceivable that vaccination before pregnancy could
provide protection against maternal GBS colonization,41

thereby decreasing transmission irrespective of gestational
age. To date, this remains untested. Unfortunately, vaccina-
tion during adolescence or during the third trimester of
pregnancy would likely have a limited impact among many of
the preterm infants at highest risk for late-onset infections
because the time window for transplacental antibody transfer
is reduced for these infants. Nonetheless, our results indicate
that the majority of late-onset GBS cases could have been
prevented if maternal vaccination against serotypes III, IA,
and V occurred in time for adequate placental antibody
transfer.

This study offers reassurance that widespread intrapar-
tum antibiotic use for early-onset GBS disease prevention has
not had a negative impact on the clinical presentation or
outcome of late-onset infections. In confirmation of previous
reports,42–45 all GBS isolates tested in this study were sus-

TABLE 2. Characteristics of Infants With Late-Onset
Neonatal Group B Streptococcal Disease (GBS), 2003–2005

Characteristic

Percentage
With

Characteristic
(N � 455*)

Sex (male) 52
Race

White 43
Black 42
Other 6
Unknown 9

Ethnicity
Hispanic 18
Non-Hispanic 55
Unknown 27

Gestational age
�37 wks 46
34–36 wks 13
�33 wks 36
Unknown 5

Documented birth weight
�2500 g 52
1500–2499 g 15
�1500 g 29
Unknown 4

Mode of delivery
Vaginal 52
Caesarian section 42
Unknown 6

Documented maternal prenatal
GBS screening

40

Documented positive GBS screening
results

46†

Exposed to intrapartum antibiotics 47
Clinical course before onset of GBS illness

Discharged home after birth then
readmitted with GBS

70

Remained hospitalized between birth
and GBS illness

24

Unknown 6
Duration of hospitalization before first

positive GBS culture
�3 d 67
�3 d 28
Unknown 5

*Enhanced data available for 455 (97%) of 468 cases occurring between 2003–2005.
†Eighty-three (46%) of 182 women with documented results had positive prenatal

GBS screening.

TABLE 3. Univariate Analysis of Risk Factors
Associated With Death Among 453 Infants With Known
Outcome of Late-Onset Neonatal Group B Streptococcal
Disease, 2003–2005

Characteristic
Died

N � 15
n (%)

Survived
N � 438

n (%)

Relative Risk (95%
Confidence Interval)

Black race* 6 (43) 187 (47) 0.9 (0.3–2.4)
Male sex 11 (73) 224 (51) 2.6 (0.8–7.9)
Presentation with

meningitis
6 (40) 118 (27) 1.8 (0.6–4.9)

Onset at 7-29
days of age

6 (40) 159 (36) 1.2 (0.4–3.2)

Preterm birth† 12 (80) 210 (50) 3.8 (1.1–13.2)
Birth weight

�1500 g‡
10 (71) 121 (29) 5.8 (1.9–18.1)

*Race known for 415 cases. Referent group: nonwhite case infants.
†Gestational age known for 431 cases.
‡Birth weight known for 434 cases.

TABLE 4. Serotypes of Isolates From Cases of Invasive
Late-Onset Group B Streptococcal Disease, 1992–2005*

Serotype
1992–1994

N � 78
n (%)†

1996–2002
N � 303

n (%)‡

2003–2005
N � 272

n (%)§

IA 20 (26) 76 (25) 59 (22)
IB 5 (7) 18 (6) 18 (7)
II 1 (1) 4 (1) 5 (2)
III 47 (60) 157 (52) 143 (52)
IV 0 (0) 0 (0) 9 (3)
NT 1 (1) 3 (1) 3 (1)
V 4 (5) 45 (15) 35 (13)

*Serotype available for 653 (83%) of 785 cases which occurred in surveillance areas
with ongoing isolate collection.

†Serotype available for 78 (60%) of isolates from areas with isolate collection 1992–
1994: Georgia and Maryland.

‡Serotype available for 303 (89%) of isolates from areas with isolate collection
1996–2002: Colorado, Georgia, Minnesota, New York, and Oregon.

§Serotype available for 272 (86%) of isolates from areas with isolate collection
2003–2005: same as 1996-2002 with addition of Maryland and New Mexico.
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ceptible to �-lactam antibiotics, first-line choices for empiric
treatment of neonatal sepsis and for intrapartum GBS antibi-
otic prophylaxis. We found no evidence that early-onset
disease is simply delayed, rather than prevented, by intrapar-
tum antibiotic use; if this were the case, the incidence of
late-onset GBS disease, particularly within the 7–29 day age
group, would have risen rather than remained stable, and the
median age of onset of late-onset disease would have shifted
earlier into the 7–89 day period, rather than later, as ob-
served.

Black race (42%), prematurity (49%), and maternal
prenatal GBS colonization (49%) were common among in-
fants with late-onset GBS disease; in comparison, a survey of
births occurring in ABCs surveillance sites between 1998 and
1999 found that 15% of the general birth cohort was black,
11% was born prematurely, and 24% of mothers had prenatal
GBS colonization.11 The overrepresentation of these charac-
teristics among late-onset disease cases is consistent with risk
factors identified previously.12,13 As is true for early-onset
disease,8 the incidence of late-onset GBS disease is at least 3
times higher among black infants than among white infants,
which may be related to higher rates of GBS colonization46,47

or preterm birth30among black women, or to disparities in
access to prenatal care.48 Incidence in black infants remained
at least triple that in nonblack infants when our data were
stratified by gestational age, suggesting that differential rates
of prematurity do not explain the disparity. Whether the rise
in disease incidence among black infants between 2002 and
2005 reflects a sustained trend is an important question
requiring attention through continued surveillance.

Over one-quarter of case-infants in this study were
hospitalized for at least 3 days before the first positive GBS
culture was obtained. These infections could have resulted
from surface colonization acquired during labor and delivery,
or may have been transmitted to the infants by hospital staff
or visiting family. Regardless, these results suggest that
infection control could play a role in a preventing a substan-
tial proportion of late-onset GBS cases. Further exploration
of how transmission occurred in the non-nosocomial cases
could provide important information on factors contributing
to GBS acquisition within the home.

Although the large number of late-onset GBS cases
provided substantial statistical power, our study is limited by
the scope of the chart review performed for each case.
Information on the management of GBS disease is not col-
lected, thereby preventing assessment of the role of treatment
decisions in clinical outcomes. Also, important data such as
gestational age and birth weight were not complete for cases
occurring before 2003, preventing examination of whether
these factors influenced trends in late-onset GBS disease.
Small numbers limited our ability to perform a detailed
analysis of risk factors for death, and the lack of a healthy
comparison group prevented exploration of risk factors for
disease. Additionally, our projections about potential vaccine
preventability of late-onset GBS disease relied on simplified
assumptions of antibody dynamics, placental antibody trans-
fer, and vaccine effectiveness.

Late-onset GBS disease prevention will likely require a
multipronged strategy, including vaccination. Although a

better understanding of risk factors for and transmission of
late-onset GBS disease could help accelerate prevention ef-
forts, opposition to testing and use of vaccines in pregnant
women presents a major hurtle.24 Confronting these concerns
is crucial to the prevention not only of late-onset GBS disease
but of neonatal GBS disease in general.

ACKNOWLEDGMENTS
CDC, Atlanta: Paige Lewis, Anne Schuchat, Ilin

Chuang, Tami Skoff, Carolyn Wright, Bernard Beall, Richard
Facklam, Delois Jackson, Chris Van Beneden, Emily Weston.
Emory University School of Medicine: Barbara Stoll. Emerg-
ing Infections Program Network; California: Pam Daily,
Joelle Nadle, Art Reingold, Gretchen Rothrock; Colorado:
Steve Burnite, Allison Daniels, Nicole Haubert; Connecticut:
Zack Fraser, James Hadler, Vida Sumrell; Georgia: Kathryn
E. Arnold, Wendy Baughman, Pat Martell-Cleary, Christina
Payne; Maryland: Kim Holmes, Janice Langford, Laurie
Thomson Sanza, Alicia Bustamante Schmidt; Minnesota:
Brenda Jewell, Catherine Lexau, Craig Morin, Jean Rain-
bow, Lori Triden; UMN laboratory: John Besser, Richard
Danila, Patricia Ferrieri, Aurea Flores, Anita Glennen, Su-
san Johnson, Billie Juni; New Mexico: Kathy Angeles, Joseph
Bareta, Lisa Butler, Joanne Keefe, Karen Scherzinger; New
York: Bridget Anderson, Nana Bennett, Glenda Smith, Nancy
Spina; Oregon: Michelle Barber; Tennessee: Brenda Barnes,
William Schaffner.

REFERENCES
1. Baker CJ, Barrett FF, Gordon RC, Yow MD. Suppurative meningitis due

to streptococci of Lancefield group B: a study of 33 infants. J Pediatr.
1973;82:724–729.

2. Franciosi RA, Knostman JD, Zimmerman RA. Group B streptococcal
neonatal and infant infections. J Pediatr. 1973;82:707–718.

3. McCracken GH. Group B streptococci: the new challenge in neonatal
infections. J Pediatr. 1973;82:703–706.

4. Barton LL, Feigin RD, Lins R. Group B beta hemolytic streptococcal
meningitis in infants. J Pediatr. 1973;82:719–723.

5. Schrag SJ, Zywicki S, Farley MM, et al. Group B streptococcal disease
in the era of intrapartum antibiotic prophylaxis. N Engl J Med. 2000;
342:15–20.

6. Prevention of perinatal group B streptococcal disease: a public health
perspective. Centers for Disease Control and Prevention. MMWR
Recomm Rep. 1996;45(RR–7):1–24.

7. Schrag SS, Gorwitz RR, Fultz-Butts KK, Schuchat AA. Prevention of
perinatal group B streptococcal disease. Revised guidelines from CDC.
MMWR Recomm Rep. 2002;51(RR–11):1–22.

8. Centers for Disease Control and Prevention (CDC). Diminishing racial
disparities in early-onset neonatal group B streptococcal disease–United
States, 2000–2003. MMWR Morb Mortal Wkly Rep. 2004;53:502–505.

9. Centers for Disease Control and Prevention (CDC). Decreasing inci-
dence of perinatal group B streptococcal disease–United States, 1993–
1995. MMWR Morb Mortal Wkly Rep. 1997;46:473–477.

10. Davis RL, Hasselquist MB, Cardenas V, et al. Introduction of the new
Centers for Disease Control and Prevention group B streptococcal
prevention guideline at a large West Coast health maintenance organi-
zation. Am J Obstet Gynecol. 2001;184:603–610.

11. Schrag SJ, Zell ER, Lynfield R, et al. A population-based comparison of
strategies to prevent early-onset group B streptococcal disease in neo-
nates. N Engl J Med. 2002;347:233–239.

12. Schuchat A, Oxtoby M, Cochi S, et al. Population-based risk factors for
neonatal group B streptococcal disease: results of a cohort study in
metropolitan Atlanta. J Infect Dis. 1990;162:672–677.

13. Lin FY, Weisman LE, Troendle J, Adams K. Prematurity is the major
risk factor for late-onset group B streptococcus disease. J Infect Dis.
2003;188:267–271.

The Pediatric Infectious Disease Journal • Volume 27, Number 12, December 2008 Late-Onset GBS Disease

© 2008 Lippincott Williams & Wilkins 1063



14. Godambe S, Shah PS, Shah V. Breast milk as a source of late onset
neonatal sepsis. Pediatr Infect Dis J. 2005;24:381–382.

15. Olver WJ, Bond DW, Boswell TC, Watkin SL. Neonatal group B
streptococcal disease associated with infected breast milk. Arch Dis
Child Fetal Neonatal Ed. 2000;83:F48–F49.

16. Kotiw M, Zhang GW, Daggard G, Reiss-Levy E, Tapsall JW, Numa A.
Lateonset and recurrent neonatal group B streptococcal disease associ-
ated with breast-milk transmission. Pediatr Dev Pathol. 2003;6:251–
256.

17. Kenny JF. Recurrent group B streptococcal disease in an infant associ-
ated with the ingestion of infected mother’s milk. J Pediatr. 1977;91:
158–159.

18. Schreiner RL, Coates T, Shackelford PG. Possible breast milk transmis-
sion of group B streptococcal infection. J Pediatr. 1977;91:159.

19. Boyer KM, Vogel LC, Gotoff SP, Gadzala CA, Stringer J, Maxted WR.
Nosocomial transmission of bacteriophage type 7/11/12 group B strep-
tococci in a special care nursery. Am J Dis Child. 1980;134:964–966.

20. Easmon CS, Hastings MJ, Clare AJ, et al. Nosocomial transmission of
group B streptococci. BMJ. 1981;283:459–461.

21. Noya FJ, Rench MA, Metzger TG, Colman G, Naidoo J, Baker CJ.
Unusual occurrence of an epidemic of type Ib/c group B streptococcal
sepsis in a neonatal intensive care unit. J Infect Dis. 1987;155:1135–
1144.

22. Centers for Disease Control and Prevention (CDC). Early-onset and
late-onset neonatal group B streptococcal disease–United States, 1996–
2004. MMWR Morb Mortal Wkly Rep. 2005;54:1205–1208.

23. Mohle-Boetani JC, Schuchat A, Plikaytis BD, Smith JD, Broome CV.
Comparison of prevention strategies for neonatal group B streptococcal
infection. A population-based economic analysis. JAMA. 1993;270:
1442–1448.

24. Baker CJ, Edwards MS. Group B streptococcal conjugate vaccines. Arch
Dis Child. 2003;88:375–378.

25. Maione D, Margarit I, Rinaudo CD, et al. Identification of a universal
group B streptococcus vaccine by multiple genome screen. Science.
2005;309:148–150.

26. Baker CJ, Rench MA, McInnes P. Immunization of pregnant women
with group B streptococcal type III capsular polysaccharide-tetanus
toxoid conjugate vaccine. Vaccine. 2003;21:3468–3472.

27. Baker CJ, Rench MA, Paoletti LC, Edwards MS. Dose-response to type
V group B streptococcal polysaccharide-tetanus toxoid conjugate vac-
cine in healthy adults. Vaccine. 2007;25:55.

28. Stratton KR, Lawrence R, eds. Vaccines for the 21st Century: A Tool for
Decision Making. Washington, DC: National Academy Press; 2000:476.

29. Zangwill KM, Schuchat A, Wenger JD. Group B streptococcal disease
in the United States, 1990: report from a multistate active surveillance
system. MMWR CDC Surveill Summ. 1992;41:25–32.

30. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer
S. Births: final data for 2004. Natl Vital Stat Rep. 2006;55:1–101.

31. Slotved HC, Elliott J, Thompson T, Konradsen HB. Latex assay for
serotyping of group B Streptococcus isolates. J Clin Microbiol. 2003;
41:4445–4447.

32. Heard SR, Mawn JA. New phenotypic typing scheme for group B
streptococci. J Clin Pathol. 1993;46:145–148.

33. National Committee for Clinical Laboratory Standards (NCCLS). NCCLS
Performance Standards for Antimicrobial Susceptibility Testing. Twelfth
Informational Supplement: M100-12 (2002) M2-A7 and M7-A5.

34. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Munson
ML. Births: final data for 2003. Natl Vital Stat Rep. 2005;54:1–116.

35. Zell ER. Using multiple imputation to improve race-specific disease rate
reporting in a national active surveillance system. In: 2006 Proceedings
of the American Statistical Association, Section on Statistics in Epide-
miology �on CD-ROM�. Alexandria, VA: American Statistical Associ-
ation; 2006.

36. Edwards MS, Rench MMA, Haffar AA, Murphy MA, Desmond MM,
Baker CJ. Long-term sequelae of group B streptococcal meningitis in
infants. J Pediatr. 1985;106:717–722.

37. Kasper D, Paoletti L, Wessels M, et al. Immune response to type III
group B streptococcal polysaccharide-tetanus toxoid conjugate vaccine.
J Clin Invest. 1996;98:2308–2314.

38. Harrison LH, Elliott JA, Dwyer DM, et al. Serotype distribution of
invasive group B streptococcal isolates in Maryland: implications for
vaccine formulation. Maryland Emerging Infections Program. J Infect
Dis. 1998;177:998–1002.

39. Lin FY, Azimi PH, Weisman LE, et al. Antibiotic susceptibility profiles
for group B streptococci isolated from neonates, 1995–1998. Clin Infect
Dis. 2000;31:76–79.

40. Zaleznik DF, Rench MA, Hillier S, et al. Invasive disease due to group
B Streptococcus in pregnant women and neonates from diverse popula-
tion groups. Clin Infect Dis. 2000;30:276–281.

41. Hillier SL, Baker CJ, Ferrieri P, Krohn MA. Could a vaccine against
group B streptococcus protect against vaginal colonization? In: Program
and Abstracts of the 42nd Interscience Conference on Antimicrobial
Agents and Chemotherapy (San Diego). Washington, DC: American
Society for Microbiology; 2002:239:. Abstract G-154.

42. Simoes JA, Aroutcheva AA, Heimler I, Faro S. Antibiotic resistance
patterns of group B streptococcal clinical isolates. Infect Dis Obstet
Gynecol. 2004;12:1–8.

43. Andrews JI, Diekema DJ, Hunter SK, et al. Group B streptococci
causing neonatal bloodstream infection: antimicrobial susceptibility and
serotyping results from SENTRY centers in the Western Hemisphere.
Am J Obstet Gynecol. 2000;183:859–862.

44. Morales WJ, Dickey SS, Bornick P, Lim DV. Change in antibiotic
resistance of group B streptococcus: impact on intrapartum management.
Am J Obstet Gynecol. 1999;181:310–314.

45. Pearlman MD, Pierson CL, Faix RG. Frequent resistance of clinical
group B streptococci isolates to clindamycin and erythromycin. Obstet
Gynecol. 1998;92:258–261.

46. Hickman ME, Rench MA, Ferrieri P, Baker CJ. Changing epidemiology
of group B streptococcal colonization. Pediatrics. 1999;104(2 Pt 1):203–
209.

47. Newton ER, Butler MC, Shain RN. Sexual behavior and vaginal colo-
nization by group B streptococcus among minority women. Obstet
Gynecol. 1996;88(4 Pt 1):577–582.

48. Stapleton RD, Kahn JM, Evans LE, Critchlow CW, Gardella CM. Risk
factors for group B streptococcal genitourinary tract colonization in
pregnant women. Obstet Gynecol. 2005;106:1246–1252.

Jordan et al The Pediatric Infectious Disease Journal • Volume 27, Number 12, December 2008

© 2008 Lippincott Williams & Wilkins1064


