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Group B Streptococcus, an A-List Pathogen
in Nonpregnant Adults
Miriam Baron Barshak, MD

Group B Streptococcus (GBS) is a frequent colonizer of the hu-
man gastrointestinal tract, gynecological tract, and skin. It has
been recognized as a major cause of infections in pregnant
women and neonates since the 1970s. In nonpregnant adults,

sporadic case reports of GBS
infections date back to the
1940s, shortly after the sero-

logical classification of hemolytic streptococci into groups.1

However, only recently has GBS been recognized as a major
cause of infections in this population.

Intensive population-based surveillance programs of GBS
began in the late 1980s,2 and infection rates in nonpregnant
adults have risen steadily in subsequent years.3 With the de-
creasing rates of infection in neonates owing to the implemen-
tation of guidelines for intrapartum antibiotic prophylaxis in
the mid-1990s, the vast majority of invasive GBS disease and
GBS-associated mortality in the United States now afflicts the
nonpregnant adult population.

While GBS may be less familiar to these adults and their cli-
nicians than group A Streptococcus and Streptococcus pneumo-
niae, active surveillance efforts on the part of the Centers for
Disease Control and Prevention have demonstrated that GBS
now causes more adult infections than these other streptococ-
cal species in the United States. Because internists are respon-
sible for preventing, diagnosing, and treating the majority of GBS
infections in our population, tracking the epidemiology of these
infections is critically important, especially as surveillance ef-
forts are waning in other parts of the world.4

In this issue of JAMA Internal Medicine, Francois Watkins
and colleagues5 at the Centers for Disease Control and Preven-
tion provide a concerning update regarding the increasing rates
of GBS infections in nonpregnant adults using data from 2008

to 2016. They report that rates of infection continued to in-
crease—from 8.1 cases per 100 000 population in 2008 to 10.9
cases per 100 000 population in 2016—roughly triple the rate
from 1990. They found higher rates among men than women
and among blacks than whites, as well as increased risk with
age, rising to more than 40 cases per 100 000 in patients 80
years and older.

Projected to the US population, they estimate that 27 729
cases of invasive GBS disease and 1541 deaths occurred in the
United States in 2016, with a case-fatality rate of 5.6%.5 The
most common clinical syndromes were skin and soft-tissue in-
fections (SSTIs), bacteremia without a focus, osteomyelitis,
pneumonia, and septic arthritis. The majority (95%) of cases
in 2016 occurred in patients with at least 1 underlying comor-
bidity, most commonly diabetes (53%) and obesity (54%). Also,
rates of clindamycin resistance increased from 37% of iso-
lates in 2011 to 43% in 2016.

These results provide guidance for how internists should
think about GBS when evaluating patients with signs of infec-
tion. First, GBS infections may be difficult to identify before re-
sults of culture data because the exposure history and infec-
tion syndromes may be nonspecific. Because GBS is a common
colonizer that can also cause infections, no unusual epidemio-
logic exposures are required for GBS infections. Group B Strep-
tococcus can cause a range of infection syndromes, including
SSTIs, pneumonia, osteomyelitis, bacteremia without a source,
septic arthritis, endocarditis, and others. Because the clinical
syndromes generally are not unique to GBS, it is critical to col-
lect cultures that will help make the diagnosis.

Second, the most helpful clues in assessing a patient for
GBS infection are the patient’s age and comorbidities: the risks
of infection rise with age, and the vast majority of GBS infec-
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tions occur in patients with underlying conditions. Rather than
a specific immune deficiency, nonpregnant adults with GBS
infections share underlying conditions, such as obesity, dia-
betes, neurologic disease, cancer, liver disease, renal disease,
heart failure, and chronic skin disorders, that may diminish
blood flow and weaken barrier protection in colonized sites and
allow entry of GBS into deeper tissues.

As the authors note, the rise in GBS infection rates in non-
pregnant adults over time parallels a rise in rates of underly-
ing conditions, particularly diabetes and obesity.5 These are
now by far the most common underlying conditions associ-
ated with risk for GBS infection, with population-attributable
risks of invasive GBS disease at 27.2% for obesity and 40.1%
for diabetes.6

Third, the continued rise in rates of clindamycin resis-
tance among GBS in the study by Francois Watkins and
colleagues5 is of particular concern because clindamycin is a
common empirical choice for treatment of SSTIs and respira-
tory infections, especially in patients who are allergic to β-lac-
tam antibiotics. Fortunately, β-lactams and vancomycin re-
main generally reliable drugs for treating GBS.

This report alerts us that there is a large, medically
complex population of nonpregnant adults at risk for GBS that
is much more heterogeneous than the obstetric and neonatal
populations who were the predominant hosts for these infec-
tions in the past. As internists, it is important to consider GBS
as a contributor to infectious syndromes, particularly in
patients with risk factors, including obesity and/or diabetes;
to obtain cultures before antibiotic prescription; and to con-
sider carefully the choice of empirical treatment in these
patients. Empirical treatment in these situations should ide-
ally include an agent that covers GBS reliably, specifically a
β-lactam or vancomycin, because clindamycin and macro-

lides are not reliable agents in the current era. When a pre-
liminary culture result of β-hemolytic streptococci is
reported from the microbiology laboratory, it is important to
recognize GBS as a likely culprit and confirm that antibiotic
coverage is appropriate. Conversely, when GBS results from a
sterile site culture of a patient who is not yet recognized to
have a common predisposing condition, the presence of GBS
infection can be a clue about unrecognized diabetes or other
underlying conditions.

Can the trend of increasing GBS infections be reversed?
While the administration of intrapartum antibiotics has been
an effective strategy for preventing neonatal GBS disease, the
risk of GBS infection in nonpregnant adults cannot be ad-
dressed with a time-limited duration of antibiotics. The
impact of pneumococcal vaccination raises hope that GBS
infections can also be prevented by development of a vaccine.
Significant strides have been made in the efforts to develop vac-
cines to prevent neonatal GBS disease by enhancing maternal
immunity to GBS capsular polysaccharides, but it is unclear
how effective these vaccines will be in the nonpregnant adult
population for 2 reasons. First, it is less clear that antibody-
mediated immunity to polysaccharide is helpful in nonpreg-
nant adults. Second, the current vaccine candidates do not in-
clude serotype IV, which now appears to be an emerging
contributor to adult GBS infections.5

As GBS infections come of age with the obesity and dia-
betes epidemics, the burden of preventing, diagnosing, and
treating invasive GBS infections in the US population has
shifted from obstetricians and neonatologists to internists.
While we hope for progress in developing an effective GBS vac-
cine, we must continue to prevent, diagnose, and treat diabe-
tes, obesity, and other underlying conditions that predispose
patients to GBS infections.

ARTICLE INFORMATION

Author Affiliation: Division of Infectious Diseases,
Massachusetts General Hospital, Harvard Medical
School, Boston.

Corresponding Author: Miriam Baron Barshak,
MD, Division of Infectious Diseases, Massachusetts
General Hospital, 55 Fruit St, Boston, MA 02114
(mbaron@mgh.harvard.edu).

Published Online: February 18, 2019.
doi:10.1001/jamainternmed.2018.7296

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Edwards MS, Baker CJ. Group B streptococcal
infections in elderly adults. Clin Infect Dis. 2005;41
(6):839-847. doi:10.1086/432804

2. Farley MM, Harvey RC, Stull T, et al.
A population-based assessment of invasive disease
due to group B Streptococcus in nonpregnant
adults. N Engl J Med. 1993;328(25):1807-1811. doi:
10.1056/NEJM199306243282503

3. Phares CR, Lynfield R, Farley MM, et al; Active
Bacterial Core Surveillance/Emerging Infections
Program Network. Epidemiology of invasive group
B streptococcal disease in the United States,
1999-2005. JAMA. 2008;299(17):2056-2065. doi:
10.1001/jama.299.17.2056

4. Creti R. Have group A and B streptococcal
infections become neglected diseases in Europe?

Eur J Clin Microbiol Infect Dis. 2017;36(7):1063-1064.
doi:10.1007/s10096-017-2984-x

5. Francois Watkins LK, McGee L, Schrag SJ, et al.
Epidemiology of invasive group B streptococcal
infections among nonpregnant adults in the United
States, 2008-2016 [published online February 18,
2019]. JAMA Intern Med. doi:10.1001/
jamainternmed.2018.7269

6. Pitts SI, Maruthur NM, Langley GE, et al. Obesity,
diabetes, and the risk of invasive group B
streptococcal disease in nonpregnant adults in the
United States. Open Forum Infect Dis. 2018;5(6):
ofy030. doi:10.1093/ofid/ofy030

Epidemiology of Invasive Group B Streptococcal Infections Among Nonpregnant Adults, 2008-2016 Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine April 2019 Volume 179, Number 4 489

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Imperial College London by John Vogel on 07/20/2019

mailto:mbaron@mgh.harvard.edu
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.7296&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7296
https://dx.doi.org/10.1086/432804
https://dx.doi.org/10.1056/NEJM199306243282503
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.299.17.2056&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7296
https://dx.doi.org/10.1007/s10096-017-2984-x
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.7269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7296
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.7269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7296
https://dx.doi.org/10.1093/ofid/ofy030
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7296
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Epidemiology of Invasive Group B Streptococcal Infections
Among Nonpregnant Adults in the United States, 2008-2016
Louise K. Francois Watkins, MD, MPH; Lesley McGee, PhD; Stephanie J. Schrag, DPhil; Bernard Beall, PhD;
Jennifer Hudson Jain, MPH; Tracy Pondo, MSPH; Monica M. Farley, MD; Lee H. Harrison, MD;
Shelley M. Zansky, PhD; Joan Baumbach, MD, MPH, MS; Ruth Lynfield, MD; Paula Snippes Vagnone, MT(ASCP);
Lisa A. Miller, MD, MSPH; William Schaffner, MD; Ann R. Thomas, MD; James P. Watt, MD, MPH;
Susan Petit, MPH; Gayle E. Langley, MD, MPH

IMPORTANCE Group B Streptococcus (GBS) is an important cause of invasive bacterial disease.
Previous studies have shown a substantial and increasing burden of GBS infections among
nonpregnant adults, particularly older adults and those with underlying medical conditions.

OBJECTIVE To update trends of invasive GBS disease among US adults using
population-based surveillance data.

DESIGN, SETTING, AND PARTICIPANTS In this population-based surveillance study, a case was
defined as isolation of GBS from a sterile site between January 1, 2008, and December 31,
2016. Demographic and clinical data were abstracted from medical records. Rates were
calculated using US Census data. Antimicrobial susceptibility testing and serotyping were
performed on a subset of isolates. Case patients were residents of 1 of 10 catchment areas of
the Active Bacterial Core surveillance (ABCs) network, representing approximately 11.5% of
the US adult population. Patients were included in the study if they were nonpregnant, were
18 years or older, were residents of an ABCs catchment site, and had a positive GBS culture
from a normally sterile body site.

MAIN OUTCOMES AND MEASURES Trends in GBS cases overall and by demographic
characteristics (sex, age, and race), underlying clinical conditions of patients, and isolate
characteristics are described.

RESULTS The ABCs network detected 21 250 patients with invasive GBS among nonpregnant
adults from 2008 through 2016. The GBS incidence in this population increased from 8.1
cases per 100 000 population in 2008 to 10.9 in 2016 (P = .002 for trend). There were 3146
cases reported in 2016 (59% male; median age, 64 years; age range, 18-103 years). The GBS
incidence was higher among men than women and among blacks than whites and increased
with age. Projected to the US population, an estimated 27 729 cases of invasive disease and
1541 deaths occurred in the United States in 2016. Ninety-five percent of cases in 2016
occurred in someone with at least 1 underlying condition, most commonly obesity (53.9%)
and diabetes (53.4%). Resistance to clindamycin increased from 37.0% of isolates in 2011 to
43.2% in 2016 (P = .02). Serotypes Ia, Ib, II, III, and V accounted for 86.4% of isolates in 2016;
serotype IV increased from 4.7% in 2008 to 11.3% in 2016 (P < .001 for trend).

CONCLUSIONS AND RELEVANCE The public health burden of invasive GBS disease among
nonpregnant adults is substantial and continues to increase. Chronic diseases, such as obesity
and diabetes, may contribute.
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G roup B Streptococcus (GBS) emerged as a leading cause
of neonatal sepsis in the 1970s1 and has been identi-
fied as a cause of infection in pregnant and postpar-

tum adults.2 Since the late 1980s, GBS disease has gained rec-
ognition as a significant and increasing cause of severe
infections among nonpregnant adults, especially the elderly
and those with underlying conditions.3-17 In particular, obe-
sity and diabetes have been associated with an increased risk
of disease.8,10,16,18

A previous analysis showed that rates of invasive GBS dis-
ease among nonpregnant adults more than doubled between
1990 and 2007 and approached those of invasive pneumo-
coccal disease in adults 65 years or older; approximately 8%
of cases resulted in death.3 There are no current strategies to
prevent invasive GBS disease in adults. Vaccines to prevent
infant disease are under development and may also hold
promise for direct protection of adults at risk for invasive
GBS disease.19-22 We used active, population-based surveillance
for invasive GBS disease via the Active Bacterial Core surveil-
lance (ABCs) network to determine the incidence of disease
among nonpregnant adults from 2008 to 2016 and to charac-
terize antimicrobial susceptibility and serotype trends.

Methods
Population-Based Surveillance
Active, population-based and laboratory-based surveillance for
invasive GBS disease in adults was conducted at 10 sites in the
United States as part of the Centers for Disease Control and
Prevention (CDC) Emerging Infections Program’s ABCs as pre-
viously described.23 Briefly, ABCs staff contacted all micro-
biology laboratories serving patients in the ABCs catchment
area. Between January 1, 2008, and December 31, 2016, sur-
veillance was conducted in California (3-county San Fran-
cisco Bay area), Colorado (5-county Denver area, 2011-2016
only), Connecticut (entire state, 2016 only), Georgia (20-
county Atlanta area), Maryland (entire state), Minnesota (en-
tire state), New Mexico (entire state), New York (15 counties
surrounding the Rochester and Albany areas), Oregon (3 coun-
ties in the Portland area), and Tennessee (11 counties surround-
ing Nashville in 2008-2010 and 20 counties surrounding Nash-
ville and Memphis in 2011-2016). The adult population under
surveillance ranged from 21.4 million in 2008 to 28.8 million
in 2016 (approximately 9.3% and 11.5% of the US adult popu-
lation, respectively). Demographic and clinical information was
abstracted from medical records. The outcome of death was
considered GBS associated if it occurred during the hospital-
ization for invasive GBS; cause of death was not assessed. If
the outcome status was unknown during initial medical rec-
ord review, vital records were used to determine if the pa-
tient died during his or her hospitalization for invasive GBS.
Laboratory audits were conducted at least yearly to ensure
complete case ascertainment.

Activities of the ABCs network are considered part of pub-
lic health surveillance and have been determined to be non-
research by CDC’s Institutional Review Board. Where re-
quired, institutional review board approval for surveillance

activities was obtained at ABCs site health departments and
academic institutions. Informed consent was not required for
this surveillance activity.

Definitions
A case of invasive GBS disease in a nonpregnant adult was
defined as GBS isolated from a normally sterile site in a sur-
veillance area resident who was 18 years or older and neither
pregnant nor less than 30 days postpartum on the day of cul-
ture. Women for whom pregnancy status was missing or un-
known were excluded. The GBS disease was considered re-
current if the patient had a positive GBS culture at least 30 days
after a prior positive culture and was considered health care
associated if GBS was isolated more than 2 days into hospital
admission. Patients were classified as residents of long-term
care facilities if that was their designated place of residence
at the time of initial culture.

Specimen Collection and Testing
Surveillance isolates were forwarded to the Streptococcus labo-
ratory at CDC from 6 ABCs sites (Colorado, Georgia, Mary-
land, Minnesota, New Mexico, and Oregon) throughout the
study period and from California (2014-2016 only). From 2008
to 2015, serotyping was performed by latex agglutination using
rabbit antisera to 9 GBS capsular polysaccharides (Ia, Ib, and
II-VIII); for isolates that could not be typed by latex agglutina-
tion, an attempt was made to type by polymerase chain reac-
tion (PCR).24 If PCR was unsuccessful, the isolate was consid-
ered nontypeable. Antimicrobial susceptibility testing to
ampicillin, cefazolin, cefotaxime, cefoxitin, ceftizoxime, clinda-
mycin, daptomycin, erythromycin, levofloxacin, penicillin, tet-
racycline, and vancomycin was performed at CDC by refer-
ence broth microdilution, and isolates were classified according
to standards established by the Clinical and Laboratory Stan-
dards Institute.25,26 For this report, the term resistant was ap-
plied to isolates with intermediate or resistant interpretation;
for antimicrobials without defined Clinical and Laboratory
Standards Institute break points, the term nonsusceptible was
used. From 2011 to 2015, isolates were also tested for induc-
ible clindamycin resistance by the single-well broth test.25-28

Key Points
Question What are the key epidemiologic findings and trends in
invasive group B Streptococcus infections among nonpregnant
adults?

Findings In this population-based study of 21 250 patients with
invasive group B Streptococcus detected by the Active Bacterial
Core surveillance network from 2008 through 2016, invasive
group B Streptococcus incidence among nonpregnant adults
increased significantly from 8.1 cases per 100 000 population in
2008 to 10.9 in 2016; incidence was highest among those with
male sex, age 65 years or older, and black race. Cases had high
rates of obesity (53.9%) and diabetes (53.4%).

Meaning The incidence of invasive group B Streptococcus
continues to rise among nonpregnant adults; chronic diseases,
such as obesity and diabetes, may contribute.
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Broth microdilution testing was performed by the Minnesota
Public Health Laboratory for isolates from Minnesota. The CDC
Streptococcus laboratory conducted whole-genome sequenc-
ing (WGS) for all isolates in 2015 and 2016 and for select iso-
lates from 2008 to 2014. For this analysis, serotypes were as-
signed using latex agglutination for 2008 to 2014 and predicted
from WGS using the CDC bioinformatics pipeline for 2015 and
2016 (https://github.com/BenJamesMetcalf).29 Antimicrobial
susceptibility profiles were also predicted from WGS data for
all year 2016 isolates.29

Statistical Analysis
Disease incidence was calculated using case counts from ABCs
as numerators and population estimates from the bridged-
race vintage postcensal file from the US Census Bureau as de-
nominators. Missing data were multiply imputed by fully
conditional specification using Markov chain Monte Carlo
methods.30,31 To obtain national estimates of cases in 2016, age
group and race–specific rates of disease were applied from the
aggregate surveillance area to the age and racial distribution
of the US population for that year. Trends were assessed using
the Cochran-Armittage test (2-sided P < .05 was considered sta-
tistically significant); when data were not linear, we reported
the percentage change in incidence or proportion over time or
used the nonparametric Mann-Kendall test for trend. Sensi-
tivity analysis showed that incidence trends did not differ
markedly when analysis was restricted to cases from regions
that were included all years of the study period (91.8% of cases
came from these regions); therefore, trends were calculated
using all available data for each year. We used body mass in-
dex (BMI) (calculated as weight in kilograms divided by height
in meters squared) to determine obesity (BMI≥30). For pa-
tients whose height and weight were in the medical record, BMI
was calculated; if height or weight was missing or the calcu-
lated BMI was thought implausible (≤12 or >100), BMI was
imputed 30 times32 using a regression model that included sex,
age, race, insurance status, year, location, clinical syndrome,
presence of underlying conditions, and height (if available) and
weight (if available). We used Pearson χ2 test and 2-tailed Fisher
exact test to compare proportions; P < .05 was considered sta-
tistically significant. Poisson regression models were used to
estimate variance for comparisons of incidence rates involv-
ing multiply-imputed data. Log binomial models were used to
estimate variance for comparisons of proportions involving
multiply-imputed data. Standard methods were used to com-
bine estimates from multiply-imputed data sets.33

Results
Trends Over Time
A total of 21 250 invasive GBS cases among nonpregnant adults
were identified in the ABCs catchment area from 2008 through
2016. The incidence of invasive GBS in nonpregnant adults in-
creased from 8.1 to 10.9 cases per 100 000 population be-
tween 2008 and 2016 (P = .002 for trend). Incidence in-
creased significantly with age, with the highest incidence
observed in persons 80 years or older, who accounted for 17.7%

of total cases (Figure 1). The overall case fatality rate from 2008
to 2016 was 6.5%, which declined from 7.5% in 2008 to 5.6%
in 2016 (P < .001 for trend).

The incidence of invasive GBS disease differed by race and
sex across all age groups. Blacks had a significantly higher in-
cidence than whites overall, although the absolute rate dif-
ference declined over time, and the difference was no longer
significant in 2016 (Figure 2A). Men had a significantly higher
incidence than women for all years, and this difference grew
more pronounced over time (Figure 2B). Overall, the increase
was more pronounced among whites, particularly among white
men aged 18 to 64 years and 80 years or older and among white
women aged 40 to 79 years. Incidence also increased among
black men aged 40 to 64 years but decreased among black men
80 years or older. Case fatality rates were higher among blacks
than whites (7.4% vs 6.3%; P = .008) but were comparable be-
tween women and men (6.8% vs 6.3%; P = .20).

The percentage of patients with invasive GBS who had at
least 1 underlying condition increased from 90.7% in 2008 to
94.6% in 2016 (P = .005 for trend). A significant increase be-
tween 2008 and 2016 was observed in the percentage of pa-
tients with obesity (47.6% to 53.8%; P = .02 for trend), diabe-
tes (43.5% to 53.4%; P < .001 for trend), heart failure (13.5%
to 18.1%; P < .001 for trend), and chronic skin disease (9.1% to
17.3%; P < .001 for trend); however, the percentage of pa-
tients with cancer remained stable (range, 13.5%-16.8%), and
the percentage of patients with atherosclerotic cardiovascu-
lar disease declined from 23.4% to 20.7%. Among leading clini-
cal syndromes, the percentage of patients with skin and soft-
tissue infections (SSTIs) increased from 27.2% in 2008 to 34.0%
in 2016 (P < .001 for trend).

Descriptive Epidemiology, 2016
There were 3146 GBS cases reported in 2016, corresponding
to an estimated 27 729 cases of invasive GBS disease and 1541
deaths in 2016 nationwide. Among ABCs cases, 59% were male,

Figure 1. Incidence of Invasive Group B Streptococcal Infections
Among Nonpregnant Adults

10

45

35

25

15

40

30

20

5

0

Ca
se

s p
er

 1
00

 00
0 

No
np

re
gn

an
t A

du
lts

Year
201620152014201320122011201020092008

All ages Age ≥80 yAge 65-79 yAge 40-64 yAge 18-39 y

Data are shown for Active Bacterial Core surveillance sites, 2008-2016.

Epidemiology of Invasive Group B Streptococcal Infections Among Nonpregnant Adults, 2008-2016 Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine April 2019 Volume 179, Number 4 481

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Imperial College London by John Vogel on 07/20/2019

https://github.com/BenJamesMetcalf
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.7269


75% were white, and the median age was 64 years (age range,
18-103 years) (Table). Ninety-five percent of patients were
admitted to the hospital; 27.3% of those required intensive care,
and 5.7% died. Group B Streptococcus was isolated predomi-
nantly from blood (83.5%), joint (7.7%), and bone (6.3%) speci-
mens. Invasive disease manifested most commonly as SSTIs
(34.0%), bacteremia without a focus (32.3%), osteomyelitis
(13.3%), pneumonia (10.2%), and septic arthritis (10.2%)
(Table). Patients 65 years or older were more likely to have
pneumonia and less likely to have osteomyelitis or septic ar-
thritis than younger patients, and they were more likely to
have bacteremia without a focus than patients aged 40 to 64
years. Recurrent disease was observed in 7.3% of cases; these
cases were significantly more likely to manifest as SSTIs
(43.9% vs 33.2%) and to be associated with diabetes (63.0%
vs 52.7%), obesity (62.3% vs 51.7%), renal disease (28.7% vs
22.0%), and chronic skin disease (28.7% vs 16.4%) (P < .05 for
all comparisons).

Ninety-five percent of case patients had at least 1 under-
lying condition; proportions were similar by sex or race. Obe-
sity and diabetes were the most common underlying condi-
tions, and both conditions were more common among
patients aged 40 to 64 years than among older or younger
groups. Patients with diabetes were more likely to have SSTIs
or osteomyelitis than to have bacteremia without a focus or
joint infection compared with nondiabetic patients. Obese
patients were more likely to have SSTIs and less likely to have
bacteremia without a focus or osteomyelitis than nonobese
patients.

Isolate Characteristics
From 2008 to 2016, a total of 13 563 isolates were analyzed for
serotype, representing 87.0% of cases from sites collecting
isolates. Through 2014, most isolates were serotyped by latex
agglutination, with 9.4% tested by PCR. The overall distribu-
tion of serotypes changed over the study period (eFigure 1 and
eTable 1 in the Supplement), with serotypes Ib, II, and IV be-
coming more prevalent and serotypes Ia, III, and V becoming
less prevalent. Serotypes Ia, Ib, II, III, and V accounted for
86.4% of isolates in 2016; serotype IV increased from 4.7% in

2008 to 11.3% in 2016 (P < .001 for trend). Between 2008 and
2016, the incidence of serotype Ib disease doubled from 0.8
to 1.6 cases per 100 000, the incidence of serotype II disease
increased by more than 70% from 1.1 to 1.9 cases per 100 000,
and the incidence of serotype IV quadrupled from 0.3 to 1.2
cases per 100 000 (Figure 3). Together, these 3 serotypes ac-
counted for 75% of the overall increase in incidence among pa-
tients for whom serotype information was available. Sero-
type distribution did not vary consistently between sites
(eFigure 2 and eTable 2 in the Supplement).

Among 1953 isolates sequenced in 2016, a total of 83.9%
showed resistance to tetracycline (range, 66.5% for serotype
IV to 93.0% for Ib), 54.8% showed resistance to erythromycin
(range, 39.3% for serotype III to 78.7% for IV) (eFigure 3A and
eTable 3A in the Supplement), 43.2% showed resistance to
clindamycin (range, 6.6% for serotype Ia to 79.2% for IV) (eFig-
ure 3B and eTable 3B in the Supplement), and 2.3% showed
resistance to levofloxacin (most common in serotype Ib at
6.0%). Resistance to erythromycin and clindamycin has been
stable since 2013 at approximately 55% and 43%, respec-
tively (Figure 4). Resistance to clindamycin increased from
37.0% of isolates in 2011 to 43.2% in 2016 (P = .02).

During the study period, 68 of 13 563 isolates (0.5%) had
laboratory findings suggestive of nonsusceptibility to 1 or more
β-lactam antibiotics, including 48 isolates (0.4%) collected dur-
ing 2008 to 2015 with elevated minimum inhibitory concen-
tration values and 20 isolates (1.0%) collected during 2016 with
a pbp2x (GenBank AE009948) gene variant associated with an
elevated minimum inhibitory concentration (eTable 4 in the
Supplement). In addition, 1 isolate was nonsusceptible to li-
nezolid (from 2014), 3 were nonsusceptible to vancomycin (1
from 2011 described in a 2014 study34 and 2 from 2016), and
none were nonsusceptible to daptomycin.

Among 1957 sequenced isolates from 2016, 170 multilocus
sequence typing sequence types (STs) were represented. The
most common were ST1 (20.5%; predominantly serotypes V, Ib,
and II), ST23 (17.4%; predominantly serotype Ia), ST22 (8.4%;
predominantly serotype II), ST19 (7.9%; predominantly sero-
types III and V), ST459 (7.6%; predominantly serotype IV), and
ST8 (6.5%; predominantly serotype Ib). Among sequenced

Figure 2. Incidence of Invasive Group B Streptococcal Infections Among Nonpregnant Adults by Race and Sex
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isolates containing resistance determinants, resistance to tet-
racyclines was largely due to the presence of the tetM (GenBank
HG799494) gene (95.3% of isolates). Resistance to macrolides
and lincosamides was due to an ermB (GenBank HG799494)
gene in 34.9% of isolates, an ermTR (GenBank CP002121) gene
in 33.1%, and a mef (GenBank CP000921) gene in 22.9%. Resis-
tance to fluoroquinolones was typically due to mutations in the
quinolone resistance–determining regions of gyrA (GenBank
CP007571) (49%) or parC (GenBank CP007571) (51%). The viru-
lence gene hvgA (GenBank CP022537) was present in 77 (3.9%)
of isolates, 73 of which were serotype III and a part of the ST17
clonal complex; of the remainder, 1 was serotype III but a part
of the ST23 clonal complex, and 3 were serotype IV (2 ST17 clonal
complex and 1 ST23 clonal complex).

Discussion
The incidence of invasive GBS disease among nonpregnant US
adults continues to rise, roughly tripling between 1990 and 2016
(from 3.6 to 10.9 cases per 100 000).3 Given the severity of in-
vasive GBS (94.6% of cases were hospitalized, 27.3% of cases re-
quired intensive care unit admission, and 5.6% of cases were
fatal in 2016), this rise represents a clinical and public health con-
cern. Incidence is rising disproportionately among certain demo-
graphic groups, particularly whites, men, and adults aged 40 to
64 years. The difference in incidence between black and white
participantshasdeclinedmarkedly,whilethedifferencebetween
men and women continues to grow; this factor may be related
to higher rates of important underlying conditions among men,
such as diabetes or smoking. Incidence remains highest among
blacks, men, and those 80 years or older. In 2016, the incidence
rate of invasive GBS was 60% higher than the rate of invasive
group A streptococcal infections and 20% higher than the rate
of invasive pneumococcal infections among all adults, and the
differences in rates were more pronounced in older age
groups.35,36 The latter may be due to improvements in 13-valent
pneumococcalconjugatevaccinecoverageamongadults65years
orolderorherdimmunityfrominfantvaccination.Theincidence
of invasive GBS appears to be higher than the incidence of
community-acquired methicillin-resistant Staphylococcus aureus
but lower than the incidence of hospital-acquired methicillin-
resistant Staphylococcus aureus among adults 65 years or older.37

Surveillance data do not allow us to determine the direct
cause of the rising incidence. However, the data suggest that the
increase may be associated with certain serotypes because se-
rotypes Ib, II, and IV accounted for three-quarters of the in-
crease in incidence between 2008 and 2016. Increasing preva-
lence of underlying health conditions associated with invasive
GBS likely also contributes. A 2014 study38 linked obesity and
diabetes to an increased risk of invasive GBS infections. Our
analysis found an increasing prevalence of obesity and diabe-
tes among patients with invasive GBS over the study period. Both
obesity and diabetes have been linked to increased risk for
SSTIs,39,40 a syndrome that showed significant gains during the
study period. An aging US population may also have contrib-
uted to the rise, but the greatest relative increase in incidence
rates occurred among those aged 40 to 64 years.

Group B Streptococcus remains highly susceptible to β-lac-
tams and vancomycin; however, rare examples of resistance to
both have been documented from multiple geographic areas,
and their emergence should be monitored.29,34 Resistance to
erythromycin and clindamycin was higher than previously
reported3 and increased over the study period; most of this in-
crease was due to resistance in emerging serotypes Ib and IV.
Clinician awareness of trends in antimicrobial resistance of GBS
is important when susceptibility results are not available and
empirical therapy is necessary. Rising clindamycin resistance
is of particular clinical significance in the setting of SSTIs, where
clindamycin is often considered a first-line antimicrobial agent.41

Multivalent vaccines to prevent infant disease through ma-
ternal immunization are under development, and several have
entered clinical trials.19-22,42 Such vaccines may also hold po-
tential for reducing GBS disease in the adult population. There
are some data suggesting that adults can mount an immune
response to vaccines targeting GBS capsular polysaccharides,43

but whether they would be effective at preventing invasive GBS
in adults, particularly those 80 years or older and those with
significant underlying conditions, needs to be determined. Al-
though a pentavalent vaccine containing the most common se-
rotypes (Ia, Ib, II, III, and V) would currently cover 86.4%
of nonpregnant adult cases, the recent rise in serotype IV
has prompted consideration for including this serotype in
vaccine development. The emergence of serotype IV could
demonstrate a rise and sustained increase similar to that
observed with serotype V disease in nonpregnant adults.14

Limitations
This study has several limitations. We did not have denomi-
nators to calculate incidence rates by underlying conditions,
so we could not directly assess risk posed by common condi-
tions, such as obesity and diabetes, but prevalences of these
conditions among GBS cases were much higher than the US
adult population (diabetes is estimated to be 12% to 14%44 and
obesity 36%45 among adults). We excluded female cases miss-
ing pregnancy status (89 of 21 250 [0.5% of all cases]), which

Figure 3. Incidence of Invasive Group B Streptococcal Infections
Among Nonpregnant Adults by Serotype
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likely had only a small influence on the overall incidence and
case characteristics. We included all cases in trend analyses,
which may have differed slightly from analyses than if we
had included only cases from catchment areas common to all
years of the study. The focus of this study was limited to
invasive GBS disease. Group B Streptococcus also causes a
substantial burden of noninvasive disease, including urinary
tract infections, noninvasive SSTIs, and pneumonia, so the
overall burden in adults is likely much higher.10,46-48

Conclusions
In summary, the incidence of invasive GBS in nonpregnant
adults continues to rise, with rates now exceeding those for

invasive pneumococcal disease. The rise parallels an
increasing prevalence of underlying conditions, such as
obesity and diabetes, and was associated with serotypes Ib,
II, and IV. Increasing resistance to clindamycin is also a con-
cern given its clinical use in the management of SSTIs, a
common manifestation of GBS disease. A multivalent vac-
cine could target a substantial portion of adult disease but
would be most influential if it included serotype IV, as well
as the other major serotypes. Ongoing surveillance to moni-
tor future trends in serotype distribution and antibiotic
resistance is warranted. Improved physician awareness and
efforts aimed at reducing risk factors, such as obesity and
diabetes, along with efforts to maintain skin integrity and
provide optimal wound care, may help prevent invasive
GBS infections.
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Invited Commentary

Group B Streptococcus, an A-List Pathogen
in Nonpregnant Adults
Miriam Baron Barshak, MD

Group B Streptococcus (GBS) is a frequent colonizer of the hu-
man gastrointestinal tract, gynecological tract, and skin. It has
been recognized as a major cause of infections in pregnant
women and neonates since the 1970s. In nonpregnant adults,

sporadic case reports of GBS
infections date back to the
1940s, shortly after the sero-

logical classification of hemolytic streptococci into groups.1

However, only recently has GBS been recognized as a major
cause of infections in this population.

Intensive population-based surveillance programs of GBS
began in the late 1980s,2 and infection rates in nonpregnant
adults have risen steadily in subsequent years.3 With the de-
creasing rates of infection in neonates owing to the implemen-
tation of guidelines for intrapartum antibiotic prophylaxis in
the mid-1990s, the vast majority of invasive GBS disease and
GBS-associated mortality in the United States now afflicts the
nonpregnant adult population.

While GBS may be less familiar to these adults and their cli-
nicians than group A Streptococcus and Streptococcus pneumo-
niae, active surveillance efforts on the part of the Centers for
Disease Control and Prevention have demonstrated that GBS
now causes more adult infections than these other streptococ-
cal species in the United States. Because internists are respon-
sible for preventing, diagnosing, and treating the majority of GBS
infections in our population, tracking the epidemiology of these
infections is critically important, especially as surveillance ef-
forts are waning in other parts of the world.4

In this issue of JAMA Internal Medicine, Francois Watkins
and colleagues5 at the Centers for Disease Control and Preven-
tion provide a concerning update regarding the increasing rates
of GBS infections in nonpregnant adults using data from 2008

to 2016. They report that rates of infection continued to in-
crease—from 8.1 cases per 100 000 population in 2008 to 10.9
cases per 100 000 population in 2016—roughly triple the rate
from 1990. They found higher rates among men than women
and among blacks than whites, as well as increased risk with
age, rising to more than 40 cases per 100 000 in patients 80
years and older.

Projected to the US population, they estimate that 27 729
cases of invasive GBS disease and 1541 deaths occurred in the
United States in 2016, with a case-fatality rate of 5.6%.5 The
most common clinical syndromes were skin and soft-tissue in-
fections (SSTIs), bacteremia without a focus, osteomyelitis,
pneumonia, and septic arthritis. The majority (95%) of cases
in 2016 occurred in patients with at least 1 underlying comor-
bidity, most commonly diabetes (53%) and obesity (54%). Also,
rates of clindamycin resistance increased from 37% of iso-
lates in 2011 to 43% in 2016.

These results provide guidance for how internists should
think about GBS when evaluating patients with signs of infec-
tion. First, GBS infections may be difficult to identify before re-
sults of culture data because the exposure history and infec-
tion syndromes may be nonspecific. Because GBS is a common
colonizer that can also cause infections, no unusual epidemio-
logic exposures are required for GBS infections. Group B Strep-
tococcus can cause a range of infection syndromes, including
SSTIs, pneumonia, osteomyelitis, bacteremia without a source,
septic arthritis, endocarditis, and others. Because the clinical
syndromes generally are not unique to GBS, it is critical to col-
lect cultures that will help make the diagnosis.

Second, the most helpful clues in assessing a patient for
GBS infection are the patient’s age and comorbidities: the risks
of infection rise with age, and the vast majority of GBS infec-
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