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SUMMARY

Group B streptococcus (GBS) is an increasing cause of disease in adults. We present long-term
trends in incidence of overall infections and identify characteristics of patients with GBS
cellulitis, bone and joint infections. Active, population-based surveillance was conducted from
1995–2012 in three California counties and the data were analysed retrospectively. All cases had
isolation of GBS from a normally sterile site. Cases of cellulitis were classified based on clinical
diagnosis. GBS bone or joint infection was defined as isolation of GBS from a bone or joint or a
diagnosis of osteomyelitis or septic arthritis. Medical charts were reviewed for demographic and
clinical information. There were 3917 cases of GBS; the incidence of disease increased from 5·8
to 8·3 cases/100 000 persons (P< 0·001) from 1995 to 2012. In adults aged 540 years, the overall
incidence of GBS increased from 8·5 to 14·2 cases/100 000 (P < 0·001) persons during the study
period. The incidence of cellulitis increased from 1·6 to 3·8 cases/100 000 (P < 0·001), bone
infection increased from 0·7 to 2·6 cases/100 000 (P< 0·001), and the incidence of joint infection
remained approximately constant at an average rate of 1·0 case/100 000. The highest incidence
rates were observed in men, persons aged 580 years, non-Hispanic blacks and Hispanics.
Diabetes was the most common underlying condition (51·2% cellulitis cases, 76·3% bone
infections, 29·8% joint infections).

Key words: Bone infections, epidemiology, joint infection, skin infections, streptococcal infections.

INTRODUCTION

Group B streptococcus (GBS, Streptococcus agalac-
tiae) emerged in the 1970s as the leading cause of
neonatal sepsis and meningitis in the United States
[1]. Although there has been a marked decrease in dis-
ease in infants, the incidence of GBS disease in adults

has been rising for over a decade [2, 3]. Cases outside
the perinatal risk period account for nearly 90% [4] of
the national burden of disease, and patients in older
age groups are significantly more likely to die from
the infection than are infants [2, 5–8]. While clinical
management guidelines have established antibiotic
protocols for treatment [9, 10], there are currently
no strategies in place to prevent GBS disease in adults.

Two studies suggest that invasive GBS is an increas-
ing cause of infection in orthopaedic patients [11] and
that the incidence of GBS-associated septic arthritis is
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rising [12]. Previously identified risk factors for invasive
GBS disease include increasing age, black race, diabetes
mellitus, and immune deficiency [7–8, 13]. Previous case
series have identified diabetes mellitus, malignancy and
chronic liver disease as risk factors for septic arthritis
[14–15] and vertebral osteomyelitis caused by GBS
[16]. To date, there have been no population-based stu-
dies that examine these risk factors specifically inpatients
with GBS infection of a bone or joint.

In this paper we explore the rate of GBS infections
in adults in the Northern California counties of
Alameda, Contra Costa and San Francisco. In ad-
dition, we examine the incidence of GBS soft tissue
and bone infections and risk factors associated with
these infections in the study population.

METHODS

Population-based surveillance

This is a retrospective study of data collected for ac-
tive population-based surveillance for invasive GBS
disease conducted from 1 January 1995 to 31
December 2012 as part of the Active Bacterial Core
surveillance (ABCs) and the California Emerging
Infections Program (CEIP), a collaboration between
the Centers for Disease Control and Prevention
(CDC), county health departments, the California
Department of Public Health and the University of
California, Berkeley School of Public Health. The
ABCs methods have been described elsewhere [17].
The surveillance area included the Northern
California counties of Alameda, Contra Costa and
San Francisco. The total population under surveil-
lance ranged from 2 965 009 in 1995 [representing
9·4% (2 965 009/31 493 525) of the California state
population] to 3 460 180 in 2012 [representing 9·1%
(3 460 180/38 041 430) of the California state pop-
ulation].

Demographic and clinical information was avail-
able only from 2006 to 2012 and was abstracted
from medical records for cases occurring during
these years. Outcome of illness was based on patient
status at the time of hospital discharge; no infor-
mation was collected on whether death was attribu-
table to GBS infection and patients were not
followed beyond the time of discharge. Information
regarding clinical presentation, treatment and surgical
intervention were not collected. Underlying conditions
were similarly abstracted from medical records.
Regular laboratory audits were conducted to identify
cases missed by routine surveillance.

Definitions

Clinical syndromes were assigned based on physician
diagnoses recorded in the patient’s medical record.
All cases which had GBS isolated from CSF were con-
sidered to be meningitis. Cases could be categorized
into multiple syndromes, with the exception of bacter-
aemia without focus, which was defined as a positive
blood culture result in the absence of another clinical
syndrome. Disease was considered recurrent if a case
patient had 52 cultures positive for GBS that were
performed 530 days apart. Hospital-acquired disease
was defined as isolation of GBS from a hospitalized
patient 53 days after hospital admission. Case
patients were considered to be nursing home residents
if they had a long-term care facility address at the time
a specimen was obtained.

Race was classified in the following five categories
in order to correspond with US Census categories:
White, Black, American Indian or Alaskan Native,
Asian or Native Hawaiian or Other Pacific Islander,
or Unknown. Ethnicity was classified according to
Hispanic or Latino origin as yes, no or unknown.
Race and ethnicity were determined by medical record
review and thus may represent self-identification or
hospital staff identification.

Analytical methods

Incidence rate calculations used US Bureau of Census
bridged-race intercensal population estimates as
denominators for the years 1995–1999, 2001–2009,
and 2011–2012 and census population estimates for
the years 2000 and 2010. Incidence rates were based
on Census-defined age groups. Trends over time
were assessed using the χ2 test for linearity and the
Cochran–Armitage test for trend. When data were
not linear, the percentage change in incidence or pro-
portion was reported. Percent change was calculated
as [(later rate – baseline rate)/baseline rate] × 100.
The case-fatality rate was calculated using the pro-
portion of cases with known outcome as the denomi-
nator. Data were analysed using Stata version 12
(StataCorp., USA) and SAS version 9.3 [18].

Ethical standards

This project was reviewed and approved by the IRB com-
mittees of the California Health and Human Services
Agency, Kaiser Permanente Northern California, the
University of California, San Francisco, and the
University of California, Berkeley.
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The authors assert that all procedures contributing
to this work comply with the ethical standards of the
relevant national and institutional committees on
human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

RESULTS

Trends over time

A total of 3917 cases of GBS disease were identified
from 1995 to 2012. The median age for case-patients
was 62 years (range 0–105 years); 897 (22·9%) were
aged <40 years, 1395 (35·6%) of case-patients were
aged 40–64 years, 865 (22·1%) were aged 65–79
years, and 760 (19·4%) were aged 580 years. Of the
cases, 2096 (53·0%) were male.

During the study period, the total incidence of GBS
disease increased from 5·8 cases/100 000 persons in
1995 to 8·3 cases/100 000 persons in 2012 (P < 0·001)
(Fig. 1). Between 1995 and 2012, the percent change
in incidence of GBS disease in males was +50·4%
and in females, +32·7%. Although overall incidence
rates increased during the study period by 43%, the
rate of change differed significantly between age groups.
Nochange in incidenceofGBS infectionwas observed in
adults aged <40 years (P= 0·174), while incidence rates

in age groups 40–64 (P= 0·002), 65–79 (P= 0·026),
and580 (P= 0·030) years increased significantly during
the study period (Fig. 1). There were no significant
changes in case fatality over the study period
(P = 0·154) with an average case-fatality rate of 9·5%
and an incidence of 0·6 fatal cases/100 000 persons.
In 2012, the case-fatality rate was 7·0% (20 deaths,
262 survivals, five unknown) with an incidence of
0·6 fatal cases/100 000 persons in the surveillance area.

In addition to changes in age-specific incidence, the
distribution of GBS-associated syndromes changed
significantly over the study period. The incidence of
meningitis in the population decreased from 0·3 to
0·1 cases/100 000 persons (P < 0·001). Of the 117 men-
ingitis cases identified, 68 (58·1%) occurred in infants
aged <7 days and 11 occurred in infants aged 7 days to
1 year. Of the remaining 38 cases of meningitis, the
age distribution was as follows: 1–19 years age
group (n= 1), 20–39 years (n= 6), 40–64 years (n= 21),
65–79 years (n= 8) and 580 years (n= 2).

The incidence of bacteremia showed no significant
change during the study period (P = 0·9). On average,
there were 74 cases/year and there were 83 cases in
2012, which corresponds to 2·3 cases/100 000 persons.
The number of cellulitis cases increased from 21 to 65,
which resulted in a change in incidence from 0·4 to

Fig. 1. Incidence of invasive group B streptococcus (GBS) disease/100 000 persons in surveillance area counties overall
and by age group (1995–2012). ◾–––◾, Overall incidence; ◾· – ·◾, incidence in persons aged <40 years; .‐‐‐‐., incidence in
persons aged 40–64 years; ▴– –▴, incidence in persons aged 65–79 years; .·····., incidence in persons aged 580 years.
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1·2 cases/100 000 persons (P = 0·002). Osteomyelitis
increased from 0·2 to 0·9 cases/100 000 persons (P <
0·001) (seven cases in 1995, 32 in 2012); and septic
arthritis increased from 0·2 to 0·4 cases/100 000 per-
sons (P= 0·01) (five cases in 1995, 12 in 2012).

Given the observed increase of specific infection
types, a focused analysis of GBS-associated cellulitis
and infections of bone and joint was performed in
adults aged 540 years.

Cellulitis, bone and joint infections in adults aged 540
years: trends over time

Of adults aged 540 years, 1424 GBS cases met the
study criteria for cellulitis or infection of a bone or
joint from 1995 to 2012. The overall incidence of
GBS increased from 100 to 231 cases or 8·5 to 14·2
cases/100 000 (P < 0·001) persons during the study
period. The incidence of GBS cellulitis infection
increased from 1·6 to 3·8 cases/100 000 (P< 0·001),
the incidence of GBS bone infection increased from
0·7 to 2·4 cases/100 000 (P < 0·001), and the incidence
of GBS joint infection remained approximately con-
stant at an average rate of 1 case/100 000 (Table 1a,
Fig. 2). The proportion of GBS cases attributable to
infections of cellulitis, bone or joint infection
increased from 26% (26/100 cases) to 43·3% (100/231
cases) during the study period.

The incidence of infection was significantly higher
in men than women for all infection types and during
all years of study. The largest increases in incidence in-
fection for all three infection types were seen in persons

aged 580 years. Within this age group, the incidence
of cellulitis increased from 2·3 to 10·4 cases/100 000,
bone infection from 0 to 2·3 cases/100 000, and joint
infection from 2·3 to 3·2 cases/100 000 persons. The
incidence of cellulitis and bone infection increased in
adults aged 540 years; joint infection increased only
in persons aged 580 years and decreased in those
aged 40–79 years (Table 1b).

The highest incidence rates for all infection types
were observed in non-Hispanic blacks and Hispanics.
Cellulitis increased in all ethnic and racial groups be-
tween 1995 and 2012, while bone infection increased
only in non-Hispanic whites and non-Hispanic blacks,
and remained constant in Hispanics. The rate of joint
infection decreased in non-Hispanic whites and
non-Hispanic blacks, but increased in Hispanics and
Asians/Pacific Islanders.

Cellulitis, bone and joint infections: descriptive
epidemiology, 2006–2012

From 2006 to 2012, 334 cases of cellulitis and 330
cases of invasive GBS infections of bone or joint
were identified. Of these, 208 cases were infections of
a bone and 128 cases were infections of a joint; six
cases had infections of both bone and joint.

Of the 165 cases with a clinical diagnosis of osteo-
myelitis, 99 (60%) had GBS isolated from bone, 60
(36%) from blood, and six from a joint (4%). Of the
86 cases with a clinical diagnosis of septic arthritis,
63 (73%) had GBS isolated from a joint, 21 (24%)
from blood, and two (2%) from bone.

Table 1a. Cases of group B streptococcus cellulitis, bone infection and joint infection by sex, age group, and race
(1995–2012)

Population Cellulitis cases
Bone infection
cases

Joint infection
cases

Year 1995 2012 1995 2012 1995 2012 1995 2012

Total (age 540 years) 1 320 186 1 628 722 19 61 8 13 13 15
Male (age 540 years) 618 790 783 785 11 35 5 8 8 8
Female (age 540 years) 701 396 844 937 8 26 3 5 5 7
40–64 years 826 556 1 186 403 6 29 2 6 6 8
65–79 years 262 423 317 552 11 19 6 5 5 3
580 years 86 685 124 767 2 13 0 2 2 4
Race (age 540 years)

Non-Hispanic white 701 418 1 007 840 9 34 3 6 6 5
Non-Hispanic black 146 981 171 865 5 5 3 5 5 0
Hispanic 127 089 238 382 4 10 2 2 2 5
Asian/Pacific Islander 225 379 463 771 2 7 0 0 0 5
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Most case-patients (Table 2). were hospitalized
(95·2% cellulitis cases, 85·8% bone infections, 83·5%
joint infections) and the median length of hospital
stay was 8 days. Of cases between 2011 and 2012,
8·6% were admitted to the intensive care unit (ICU);
data regarding ICU admission were not collected
prior to 2011. In cases of bone infection, 20·0% met
criteria for hospital onset infection as opposed to
9·1% of joint infections and 3·3% of cellulitis cases.

Rates of recurrent infection were similar between in-
fection types (7·8% of cellulitis cases, 5·3% of bone
infections, 4·1% of joint infections).

Of the cases, 64·7% of patients had 51 underlying
condition (Table 2). Diabetes was the most common es-
pecially in cases of bone infection (51·2% cellulitis cases,
76·3% bone infections, 29·8% joint infections), followed
by obesity (33·5% cellulitis cases, 14·7% bone infections,
19·8% joint infections), smoking (11·4% cellulitis, 15·8%

Fig. 2. Incidence of invasive group B streptococcus (GBS) disease/100 000 persons in surveillance area counties by
infection type (1995–2012). ▴‐‐‐‐▴, Cellulitis; ◾–––◾, bone infection; .·····., joint infection.

Table 1b. Incidence rates (per 100 000 persons) of group B streptococcus cellulitis, bone infection and joint infection
by sex, age group, and race (1995–2012)

Cellulitis Bone infection Joint infection

Year 1995 2012 P 1995 2012 P 1995 2012 P

Total (age 540 years) 1·6 3·8 <0·01 0·7 2·4 <0·01 1·1 0·9 0·8
Male (age 540 years) 1·8 4·5 0·01 0·8 3·7 <0·01 1·3 1·0 0·6
Female (age 540 years) 1·1 3·1 0·01 0·4 0·9 0·2 0·7 0·8 0·8
40–64 years 0·7 2·4 <0·01 0·2 2·0 <0·01 0·7 0·7 0·8
65–79 years 4·2 6·0 0·3 2·3 1·9 0·7 1·9 0·9 0·3
580 years 2·3 10·4 0·02 0·0 5·6 0·04 2·3 3·2 0·7
Race (age 540 years)

Non-Hispanic white 1·3 3·4 <0·01 0·4 1·6 0·02 0·9 0·5 0·4
Non-Hispanic black 3·4 2·9 0·8 2·0 3·5 0·4 3·4 0·0 <0·01
Hispanic 3·1 4·2 0·6 1·6 2·5 0·5 1·6 2·1 0·7
Asian/Pacific Islander 0·9 1·5 0·5 0·0 1·1 0·1 0·0 1·1 0·1
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bone infections, 13·2% joint infections), atherosclerotic
cardiovascular disease (18·3% cellulitis, 13·7% bone
infections, 13·2% joint infections), renal disease (10·2%
cellulitis, 15·8% bone infections, 5·0% joint infections)
and cancer (18·6% cellulitis, 5·3% bone infections,
14·0% joint infections). Other common underlying
conditions are given in Table 2.

DISCUSSION

The overall incidence of invasive GBS disease
increased by 43% (from 5·8 to 8·3 cases/100 000 per-
sons) in our surveillance area between 1995 and
2012. This increase was observed only in persons
aged 540 years. The incidence did not change signifi-
cantly for persons aged 7 days to 39 years and
declined for newborns aged <7 days. The decrease in
GBS disease in newborns is probably due to improved
implementation of the neonatal GBS disease preven-
tion programme, promulgated in 1996 [19].

The increased incidence of invasive GBS disease in
adults aged 540 years reflects an increase over

previously reported rates in non-pregnant adults
[1, 20]. The highest incidence rates were seen in non-
Hispanic blacks. Although the average incidence in
black persons was nearly three times the rate in non-
blacks, the difference in incidence rates between blacks
and non-blacks remained constant (data not shown),
which is consistent with previously observed racial dis-
parities reported in other surveillance areas of the
United States [8, 20]. It is unclear why this disparity
has persisted and remained stable over time. Race
may reflect differences in income, access to care, and
prevalence of underlying conditions.

GBS is a growing cause of cellulitis and invasive
bone infections in adults aged 540 years. Although
previous studies have noted an increase in GBS infec-
tions of bone, this is the first longitudinal study to
examine trends of cellulitis, bone and joint infections
and describe patients’ characteristics. In addition to
the significant increase in surveillance area incidence,
the percentage of all GBS cases classified as cellulitis,
bone or joint infections increased from 25·9% (45/174
total cases) to 43·3% (124/287 total cases) in adults

Table 2. Characteristics of patients with group B streptococcus infection associated with cellulitis, bone infection and
joint infection, in those aged 540 years, 2006–2012

Cellulitis Bone infection Joint infection
(N = 334) (N = 190) (N = 121)
n (%) n (%) n (%)

Male sex 187 (56·0) 143 (75·3) 79 (65·3)
Race

White 204 (61·1) 75 (39·5) 68 (56·2)
Black 38 (11·4) 45 (23·7) 14 (11·6)
Hispanic 33 (9·9) 35 (18·4) 17 (14·0)
Asian/Pacific Islander 28 (8·4) 14 (7·4) 11 (9·1)
American Indian 4 (1·2) 2 (1·1) 0 (0)
Unknown 27 (8·1) 19 (10·0) 21 (17·1)
Death 8 (2·4) 2 (1·1) 4 (3·3)
Hospitalization 318 (95·2) 163 (85·8) 101 (83·5)
ICU admission* 27 (8·1) 9 (4·7) 8 (6·6)
Hospital onset 11 (3·3) 38 (20·0) 11 (9·1)
Recurrent infection 26 (7·8) 10 (5·3) 5 (4·1)

Underlying condition
Diabetes mellitus 171 (51·2) 145 (76·3) 36 (29·8)
Atherosclerotic vascular disease 61 (18·3) 26 (13·7) 16 (13·2)
Cerebrovascular accident 21 (6·3) 12 (6·3) 7 (5·8)
Cancer 62 (18·6) 10 (5·3) 17 (14·0)
Obesity 112 (33·5) 28 (14·7) 24 (19·8)
Renal disease/dialysis 34 (10·2) 30 (15·8) 6 (5·0)
Immunosuppressive therapy 28 (8·4) 4 (2·1) 8 (6·6)
Current smoker 38 (11·4) 30 (15·8) 16 (13·2)
Alcohol use 20 (6·0) 18 (9·5) 5 (4·1)
Intravenous drug use 10 (3·0) 8 (4·2) 5 (4·1)

* Data only collected from years 2011, 2012.
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aged 540 years during the study period. Patients with
any of these three infection types had a median hospi-
talization of 8 days and more than 80% were hospita-
lized. These figures indicate a growing burden of
disease and suggest that the cost of caring for these
patients may be substantial.

Authors of other studies evaluating trends in invas-
ive GBS disease have speculated that the increasing
burden of chronic underlying conditions, especially
diabetes and obesity, may be responsible for the rising
incidence of GBS disease [8, 11, 21]. Due in part to
their chronic immunocompromised state [22], dia-
betics are known to be at increased risk for skin and
soft tissue infections. In 2011, the CDC reported an
estimated prevalence of diagnosed diabetes of 7·7%,
8·3% and 6·8% in Alameda, Contra Costa and
SanFrancisco counties, respectively [23].Thepercentage
of patients with GBS infection of a bone and a diagnosis
of diabetes was 76·3%. In patients with cellulitis or infec-
tion of a joint, the percentages diagnosed with diabetes
were 51·2% and 29·8%, respectively (Table 2). These
values are significantly higher than the estimated preva-
lence in the community and suggest that diabetes is a risk
factor for invasive GBS disease in general and especially
for infections of bone. Moreover, the prevalence of dia-
betes in California is high in older age groups, which
may explain the age distribution of cases observed in
this study [23]. Other causes of immunosuppression
may also play a role: a case-control study identified neu-
tropenia and recent glucocorticoid use as risk factors for
GBS infection in adults [2].

The reasons for the increased incidence in bone and
joint infection found in this study are not known but
may be related to an increase in the prevalence of dia-
betes, as well as a rise in elective arthroplasty in eld-
erly persons and those with significant underlying
conditions [24, 25]. However, additional data are
needed to evaluate this relationship. Another factor
contributing to the increased incidence of skin infec-
tions may be the rise in obesity prevalence. Obesity
is responsible for multiple changes in skin barrier
function, including impaired microcirculation and
poor wound healing, and may also be a risk factor
for GBS infection [26].

There are several limitations to this study. It was
based on longitudinal data, collected prospectively
and analysed retrospectively and as such, there was
no control group and it was not possible to evaluate
risk factors directly. The variables assessed were
based on pre-determined surveillance-driven methods
and data were not collected for many factors that

may be predictive of bone and joint infection (such
as a recent history of trauma or arthroplasty).
Similarly, a lack of data made it impossible to evalu-
ate the role of socioeconomic factors. Denominator
data for adults with specific underlying conditions in
our population were not available. The lack of isolate
collection for GBS in this surveillance area did not
allow examination of specific bacterial strains or
evaluation of patterns of antimicrobial resistance.
Data on treatment were also unavailable.

This study may help describe risk factors for GBS
infections of soft tissue and bone in adult patients.
Additional studies are needed to distinguish indepen-
dent risk factors, characterize the molecular epidemi-
ology of adult GBS infections, and identify possible
prevention strategies. Multi-serotype conjugate GBS
vaccines for the prevention of perinatal GBS infection
are currently in development [27]. If successful, use of
such a vaccine could potentially be expanded to
at-risk non-pregnant adults.
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