1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.

-, HHS Public Access
«

Published in final edited form as:
Clin Infect Dis. 2016 August 15; 63(4): 478-486. doi:10.1093/cid/ciw248.

Epidemiology of Invasive Group A Streptococcal Infections in
the United States, 2005-2012

George E. Nelsonl24, Tracy Pondo?, Karrie-Ann Toews2, Monica M. Farley3, Mary Lou
Lindegren?, Ruth Lynfield®, Deborah Aragon®, Shelley M. Zansky’, James P. Watt®, Paul R.
Cieslak®, Kathy Angeles19, Lee H. Harrison!l, Susan Petit!2, Bernard Beall?, and Chris A.
Van Beneden?

1Epidemic Intelligence Service, Atlanta, Georgia 2National Center for Immunization and
Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia *Emory
University School of Medicine and the VA Medical Center, Atlanta, Georgia *Vanderbilt University,
Nashville, Tennessee *Minnesota Department of Health, St Paul ®Colorado Department of Public
Health and Environment, Denver “New York State Department of Health, Albany 8California
Department of Public Health, Richmond °Oregon Health Authority, Portland 1°New Mexico
Emerging Infections Program, University of New Mexico, Las Cruces 'Department of
International Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland
12Connecticut Department of Public Health, Hartford

Abstract

Background—Invasive group A Strepfococcus (GAS) infections are associated with significant
morbidity and mortality rates. We report the epidemiology and trends of invasive GAS over 8
years of surveillance.

Methods—From January 2005 through December 2012, we collected data from the Centers for
Disease Control and Prevention’s Active Bacterial Core surveillance, a population-based network
of 10 geographically diverse US sites (2012 population, 32.8 million). We defined invasive GAS
as isolation of GAS from a normally sterile site or from a wound in a patient with necrotizing
fasciitis (NF) or streptococcal toxic shock syndrome (STSS). Available isolates were emm typed.
We calculated rates and made age- and race-adjusted national projections using census data.

Results—We identified 9557 cases (3.8 cases per 100 000 persons per year) with 1116 deaths
(case-fatality rate, 11.7%). The case-fatality rates for septic shock, STSS, and NF were 45%, 38%,
and 29%, respectively. The annual incidence was highest among persons aged =65 years (9.4/100
000) or <1 year (5.3) and among blacks (4.7/100 000). National rates remained steady over 8 years
of surveillance. Factors independently associated with death included increasing age, residence in
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a nursing home, recent surgery, septic shock, NF, meningitis, isolated bacteremia, pneumonia,
emmtype 1 or 3, and underlying chronic illness or immunosuppression. An estimated 10 649-13
434 cases of invasive GAS infections occur in the United States annually, resulting in 1136-1607
deaths. In a 30-valent M-protein vaccine, emm types accounted for 91% of isolates.

Conclusions—The burden of invasive GAS infection in the United States remains substantial.

Vaccines under development could have a considerable public health impact.
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Invasive infections caused by group A Streptococcus (GAS) include bacteremic pneumonia,
sepsis, necrotizing fasciitis (NF), streptococcal toxic shock syndrome (STSS), and focal
infections, such as arthritis and bacteremic skin and soft-tissue infections (SSTIs). GAS
more commonly causes noninvasive infections such as pharyngitis, sometimes with
suppurative (eg, otitis media) or nonsuppurative (eg, acute rheumatic fever, acute
glomerulonephritis) complications. GAS infections are associated with substantial morbidity
and mortality rates worldwide, with an estimated 500 000 deaths globally per year [1-4].

Management of invasive GAS infection relies heavily on timely diagnosis, appropriate
antimicrobial therapy, and, in some cases (eg, NF), prompt surgical intervention [5]. There
are few prevention tools other than recommendations for control of disease in nosocomial
clusters and outbreaks in closed facilities [6, 7]. Several GAS vaccine candidates are
currently under development [8-11], including a 30-valent vaccine covering M proteins
common in North America and Europe and those considered “rheumatogenic” [12].

The Centers for Disease Control and Prevention (CDC) have conducted surveillance for
invasive GAS infection since 1995 as part of the Active Bacterial Core surveillance (ABCs)
of the Emerging Infections Programs Network [13]. We report the epidemiologic
characteristics of invasive GAS infection in the United States for 2005-2012, evaluate trends
in incidence since 2000, and estimate potential impact of the 30-valent vaccine [12]
currently under development.

METHODS

Surveillance

Invasive GAS cases were identified through ABCs, a population-and laboratory-based
surveillance system that tracks invasive GAS in 10 geographically disparate US sites,
covering a population of 32.8 million (10.4% of the total US population) in 2012. ABCs
defines an invasive GAS infection as isolation of GAS from a normally sterile body site (eg,
blood or cerebrospinal fluid), or from a wound culture accompanied by NF or STSS, ina
resident of the surveillance catchment population. The ABCs sites and counties in which
surveillance has been consistent since 2005 include the areas around San Francisco Bay,
California (3 counties), Denver, Colorado (5 counties), Atlanta, Georgia (20 counties),
Baltimore, Maryland (6 counties), Portland, Oregon (3 counties), and Rochester and Albany,
New York (15 counties); urban areas in Tennessee (11 counties); and the entire states of
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Minnesota, New Mexico, and Connecticut. These areas were included for incidence rate and
trend calculations. In 2010, Tennessee expanded its surveillance area to 20 counties; this
larger surveillance area was included in descriptive analyses only. In trend analyses that
included surveillance from 2000 through 2004, the 2 most recently added ABCs sites were
excluded (Colorado joined ABCs in 2001, New Mexico in 2004).

Descriptive Epidemiology

GAS Typing

Descriptive analyses included all cases with culture dates from 1 January 2005 through 31
December 2012. Annual summary of overall disease rates are shared on the ABCs Web site
[14]. For national rate and burden estimates, race- and age-specific disease rates were
applied from the aggregate surveillance area to the age and racial distributions of the US
population for each year. We used regional and national postcensal population estimates for
each year as the denominator. All incidences are expressed as cases per 100 000 population
per year. The Cochran-Armitage test was used to test the statistical significance of the linear
trend in disease incidence from 2000 to 2012. Case patients with unknown race were
distributed according to those with known race in each surveillance area and age category.
Case-fatality rates (CFRs) were calculated using outcome at the time of discharge from
hospital, emergency department, or clinic.

Case patients with GAS cultured from blood, but for whom no clinical syndrome was
identified, were categorized as having bacteremia without a source. To allow comparisons
with published ABCs GAS data from 1995-1999 [1] and 2000-2004 [2], we categorized
clinical syndromes as described in previous reports, unless otherwise indicated. We
compared clinical syndromes in children aged <10 years and adults aged =65 years with
those in persons aged 10-64 years, using log binomial regression models. We also modeled
the probability of death among case patients with a specific clinical syndrome using log
binomial models and compared the CFR of the youngest and oldest age groups with that for
patients aged 10-64 years.

Case patients who had undergone surgery in the 7 days preceding their first positive culture
result were categorized as “recent surgery.” Any infection in a pregnant woman, whether
specific to pregnancy (eg, endometritis, chorioamnionitis, septic abortion) or simply
occurring during pregnancy, was considered “pregnancy related.” Hospital-onset infections
were defined as infections in case patients hospitalized for =3 days before their positive
GAS culture. Underlying conditions were grouped similarly to previously published data [1,
2]. Two variables added to the ABCs case report form in 2009 were analyzed separately:
chronic skin breakdown and septic shock syndrome. We modeled the probability that a case
patient had a specific underlying condition using a log binomial model with surveillance
area as the only covariate. We compared the proportions of case patients with an underlying
condition in each site with the mean proportion having the underlying condition across all
ABGC:s sites.

All available GAS isolates were typed at the CDC’s Streptococcus laboratory after they were
confirmed to be GAS. A combination of emm sequence typing and restriction profiling was
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used to deduce emm types through 2007. Beginning in 2008, ermm typing for all isolates was
performed by sequencing the variable M serotype—specific region of the emm gene
amplicons. The protocol for emm typing and a complete, downloadable listing of ermm type
sequences are available online [15, 16].

Estimates of Vaccine Benefit

To estimate the potential benefits of a multivalent vaccine, we used available emm typing
results to calculate the proportions of cases and deaths by emm type in the proposed 30-
valent vaccine (types 1, 2, 3, 4, 5, 6, 11, 12, 14, 18, 19, 22, 24, 28, 29, 44, 49, 58, 73, 75, 77,
78, 81, 82, 83, 87, 89, 92, 114, and 118) [12].

Predictors of Death

RESULTS

Predictors of death were evaluated using a logistic regression model. In this model we
reclassified the clinical syndrome of case patients with multiple clinical syndromes; these
cases were classified with the highest-severity syndrome, based on the CFR for case patients
presenting with only 1 syndrome, and SSTIs (not including NF) were grouped into a single
syndrome. Underlying illnesses and medical conditions known to increase risk for GAS
infection were grouped into 4 categories: no underlying illness, skin condition (eg, burns,
wounds, and chronic skin breakdown), chronic illness (eg, cirrhosis, obesity, diabetes, and
chronic obstructive pulmonary disease), and immunosuppression (eg, sickle cell disease,
nephrotic syndrome, human immunodeficiency virus [HIV]/AIDS, and cancer). A person
with multiple underlying illnesses was placed in the category of highest severity based on
the following decreasing levels of severity: immunosuppression, chronic illness, and skin
condition.

The model included only case patients for whom information on all variables was available.
We excluded case patients with an unknown outcome, those from a site that did not record
information on HIV/AIDS status or collect GAS isolates, and those with no available isolate
or with emm-nontypeable isolates. Variables associated with death (£ < .20) in univariate
analysis were entered in the multivariable model and retained if the P value was <.05.
Collinearity and all 2-way interactions were evaluated. All analyses were conducted using
SAS software, version 9.3.

Demographic Characteristics and Disease Rates

ABC:s sites reported 9557 cases of invasive GAS infection during the 8-year surveillance
period. GAS was most frequently isolated from blood (7837 cases; 82%), joint space (766
cases; 8%), pleural fluid and tissue (249 cases; 3%), bone (175 cases; 2%), muscle (172
cases; 2%), peritoneal fluid (134 cases; 1%), and cerebrospinal fluid (75 cases; 1%). For
some patients, GAS was isolated from >1 site. The median age of case patients was 52 years
(range, 0 days to 106 years); 54% were male. Sixty percent of patients were white; the
remainder were black (16%), American Indian and Alaskan Native (4%), Asian and Pacific
Islanders (3%), or unknown race (17%). The distribution of unknown race varied by site,
ranging from 3% in Maryland to 41% in Oregon.
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Most case patients (n = 8814; 92.5%) were hospitalized (data missing/unknown for 27
cases), and 1117 died (overall CFR, 11.7%). Compared with those not hospitalized,
hospitalized case patients presented more frequently with pneumonia (16% vs 10%; P<.
001), SSTI (42% vs 23%; P<.001), and NF (7% vs 1%; P< .001) and less frequently with
bacteremia without focus (23% vs 48%; P < .001). Outcomes were unknown for 9 patients
(0.1%). CFR was highest among persons aged =85 years (26.1%) and lower among
nonwhite than among white patients (10.3% vs 12.2%; relative risk, 0.84; 95% confidence
interval, .73-.98; Figure 1). Adjusting for US racial and age distributions, we estimate that
10 649-13 434 cases and 1136-1607 deaths due to invasive GAS occurred annually in the
United States in 2005-2012.

Incidence Rates

Invasive GAS rates were bimodal, with a peak among children age <2 years (incidence,
6.5/100 000 and 4.4/100 000 among nonwhites and whites, respectively) and a second,
higher peak among those aged =50 years (8.1/100 000 and 7.2/100 000 among nonwhites
and whites, respectively). Incidence rates were highest among patients aged >85 years
(14.4/100 000), followed by adults aged 75-84 years (10.0/100 000), and then adults aged
65-74 years (8.1/100 000; Figure 1). The annual incidence was higher among non-white
patients (4.5/100 000) than among white patients (3.6/100 000; relative risk, 1.2; 95%
confidence interval, 1.2-1.3).

The average annual incidence for the 8 years of surveillance was 3.8 invasive GAS cases per
100 000 persons (range, 2.7-6.2/100 000; Table 1) and varied by site. Most sites had slight
year-to-year variation. There was no statistically significant trend in rates among the 10 sites
in continuous surveillance from 2005 to 2012 (£ =.23) or among the 8 sites with continuous
surveillance since 2000 (P = .57; Table 1). Most disease occurred in winter and early spring
(Figure 2), a pattern consistent across syndromes and ABCs sites.

Underlying Disease

Information on underlying medical conditions known or suspected to increase risk of
sporadic GAS infection was available for 9232 (97%) of the patients; 74% had =1
underlying condition, and 45% had =2. Most common were diabetes, acute skin breakdown,
heart disease, and smoking (Table 2). Underlying conditions (particularly injection drug use
and chronic skin breakdown) varied significantly by site.

Clinical Syndromes

The distribution of clinical syndromes, by age group and CFR, are presented in Table 3;
41% of patients presented with SSTIs, 25% with isolated bacteremia, and 16% with
pneumonia. Compared with patients aged 10-64 years, those aged <10 years were more
likely to present with meningitis and central nervous system infections, septic arthritis,
osteomyelitis, abscesses, epiglottitis or otitis media, or isolated bacteremia. Patients aged
>65 years were more likely to present with pneumonia, bacteremia, or SSTIs. Those with
septic shock, STSS, NF, meningitis, or pneumonia had the highest CFRs.
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Among the 8921 case patients for whom information was available (93%), 315 (3.5%) had
undergone recent surgery (CFR, 11.8%). Among women of childbearing age (aged 15-44
years), 246 (20.1%) of the invasive GAS infections were pregnancy related. Of case patients
with available information, 358 (4.1%) had healthcare-associated disease, and 38 died (CFR,
10.6%). The distribution of syndromes and CFRs were similar in healthcare-onset and
community-onset cases (CFR, 10.6 vs 11.7%; P=.57).

Emm Sequence Types and Potential Vaccine-Preventable Disease

Of 9 states submitting isolates for evaluation, bacterial isolates were available for typing for
86% of cases; only 4 could not be typed. The distribution of emm types varied by site and by
year. Although 99 unique emm types were identified during 2005-2012, the 23 most
common accounted for 92% of cases (Figure 3). Most common were emmtypes 1 (22%), 12
(9%), 28 (8%), 89 (7%), and 3 (7%), which cumulatively accounted for 53% of isolates. The
emm types in the proposed 30-valent vaccines accounted for 91% of all isolates, 92% of
those with NF or STSS, and 96% of isolates among patients who died.

Predictors of Death

Increasing age, residence in a nursing home, recent surgery, presence of specific syndromes
(septic shock, NF, meningitis, isolated bacteremia, or pneumonia), emmtype 1 or 3, and
either underlying chronic illness or immunosuppression were all independent predictors of
death (Table 4). No statistically significant 2-way interactions were found.

DISCUSSION

Invasive GAS infections continue to have be associated with morbidity and mortality rates in
the United States, with an estimated 10 649-13 434 cases resulting in 1136-1607 deaths
each year. The estimated national incidence is similar to the incidence of invasive GAS in
Canada (4.3/100 000) and many European countries (2—4/100 000) (CFR, 14%-19%) [17-
21]. However, substantially higher rates of disease have been documented in other
geographic areas, including Fiji (9.9/100 000), North Queensland, rural Kenya, and New
Zealand (7.9/100 000) [22—-25], as well as in European countries experiencing outbreaks,
including Iceland (1.1-4.0/100 000), Sweden (6.1/100 000), and Ireland (0.8-2.7/100 000)
[26-28].

Although annual incidence rates varied by site—with the lowest mean rates reported in
Georgia (2.7/100 000) and the highest in New Mexico (6.2/100 000)—none of the 10 ABCs
sites showed significant changes in incidence over time. Moreover, when limiting our
analysis to the 8 ABCs sites in continuous surveillance since 2000, we found no significant
change in rates of invasive GAS infections during a 13-year period. The stability of national
incidence is remarkable and may only decline with use of an effective vaccine. Continued
surveillance is needed to detect any future increase in invasive GAS infections due to
potential emerging strains.

Prior publications have shown that the incidence of invasive GAS is higher in persons aged
=65 years living in the community and in long-term-care facilities, in terms of both sporadic
infections and outbreaks [29]. In our study, we further examined rates among the very
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elderly; incidence peaked at 14/100 000 and the CFR reached 25% among those aged =85
years. In addition, the CFRs for most syndromes increased with age and were dramatically
higher among some: 70% of elderly patients presenting with STSS alone and 56% of those
with NF as their only syndrome died of their infections. Given that the population of elderly
individuals is growing in the United States [30], increased attention needs to be given to
severe presentations in this population.

To reduce morbidity and mortality rates due to GAS infections, effective prevention tools are
desperately needed. The current candidate GAS vaccines entering or nearing clinical study
are the 30-valent N-terminal M-protein—based vaccine and the conserved M-protein vaccine
(minimal epitope J8 vaccine) [31]. The 30-valent vaccine would cover 91% of GAS
infections reported by ABCs surveillance. The United States and other high-income
countries account for only a small proportion of the total burden of GAS disease, and
significantly greater heterogeneity of emm types has been documented in low-income
geographic regions [32]. Fortunately, the 30-valent vaccine has been shown to evoke cross-
opsonic bactericidal antibodies against a variety of nonvaccine serotypes, potentially
increasing vaccine efficacy in developing countries [12, 33]. The addition of these
nonvaccine emm types could increase the potential vaccine coverage of invasive GAS
infections in the United States to 96%. Furthermore, other vaccines in development are
based on conserved epitopes.

ABCs surveillance began formally tracking septic shock as a distinct syndrome in 2009.
Septic shock had the highest CFR both when found along with another syndrome as well as
when it was the only syndrome present. A more detailed chart review is necessary to identify
any important clinical differences between physician-diagnosed “septic shock” and STSS
(see STSS case definition [34]). The frequency with which providers use the standard
clinical criteria to define STSS is unknown but is probably low; measuring physician-
diagnosed STSS alone may underestimate the burden of severe GAS infections significantly.
Because there have been few new treatment options for severe GAS infections, approaches
to both STSS and septic shock continue to rely on promoting routine infection control,
prompt case identification, and prevention of secondary cases among postpartum and
postsurgical patients, supportive care, antibiotics, intravenous immunoglobulin, and prompt
surgical attention when needed [35].

Our identification of recent surgery as an independent predictor of death should further alert
providers to consider the diagnosis of invasive GAS in these patients. Prompt recognition of
GAS and institution of antimicrobial therapy may limit morbidity and mortality risks.
Whereas the presence of “any skin condition” was not significantly associated with
increased risk of death, this variable includes both chronic and acute skin conditions, which
may obscure risks that attend specific skin conditions. Although most invasive GAS
infections are sporadic, wounds (eg, surgical wounds and decubiti) have been recognized as
a common risk factor for GAS infection in nosocomial outbreaks and outbreaks among
persons living in nursing homes and other group settings [36—38]. Many severe infections
have also been found to occur within 24-72 hours of nonpenetrating trauma that results in a
deep hematoma [39].
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Our study highlights a consistent seasonal pattern of invasive GAS infections with a peak in
winter and early spring and a nadir in the late summer and fall. A recent review of data from
5 countries in Europe and a study in Sweden found similar seasonal patterns in all countries
[18, 27]. One proposed mechanism for a seasonal relationship is concurrently circulating
viral infections during high-incidence periods, along with effects of crowding and close
contact due to increased time spent indoors. Crowding and exposure to children with
pharyngitis—a major reservoir of GAS—have been recognized as significant risk factors for
invasive GAS infections [40].

Rates of invasive GAS infection measured by ABCs are minimum estimates because ABCs
captures only invasive infections with sterile-site isolates unless GAS cultures from wounds
are accompanied by STSS or NF syndromes. Furthermore, standard ABCs methods
probably underreport cases of STSS and NF because providers do not always use these
specific terms to describe such cases in medical records [41].

In the United States, invasive GAS remains a serious infection associated with high
mortality rates. With no new effective tools for disease prevention, rates have remained
unchanged during the last 13 years. In this setting, more rapid recognition of severe GAS
infections and prompt and appropriate treatments are needed. Given that the initial
presentation of invasive GAS infections is often nonspecific and such infections can cause
severe disease and death, vaccines are sorely needed. The emm types causing invasive GAS
disease are the most prevalent causes of GAS pharyngitis [42]. Decreasing the impact of
GAS pharyngitis alone in the United States through immunization with an M-protein
vaccine would potentially be cost-effective and reduce the primary reservoir of invasive
infections. In addition, vaccination may also reduce unnecessary antibiotic prescriptions for
pharyngitis, leading to additional indirect benefits.
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Figure 1.
Incidence and case-fatality rates (CFRS) of invasive group A Streptococcus infections by age

group and race in 2005-2012. Race and age group-specific rates of disease were taken from
the surveillance areas in continuous use since 2005. Unknown race data were distributed
among known values in the surveillance areas.
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Figure 2.

Seasonality of invasive group A Streptococcus infections in the United States, 2005-2012.
Abbreviations on x-axis represent months (J, January; F, February; etc).
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Figure 3.

Distribution of invasive group A streptococcal isolates from Active Bacterial Core
surveillance among the 23 most common emm types found during 2005-2012; these

included any emm type that comprised >1% of total isolates.

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.

0

Cumulative %

Page 13



Page 14

Nelson et al.

“1eak yoes 1oy uonejndod SN 8yl JO UOANGLISIP [RI0R pUe 36k 3yl 0) PAzZIPJepUEls AJI0BIIP S19M SaleJ 30UB||1I9AINS

q

"(z102) 90°€ pue ‘(TT02) 88°€ (0T02) ¥.°€ (6002) 2€°€ (8002) £5°€
‘(£002) L¥°€ *(9002) L¥°€ '(5002) €T ‘(¥002) TT'€ ‘(€002) TT'¥ ‘(2002) 2Z'€ ‘(1T002) 8L°€ ‘(0002) 29°€ 818Mm “1eak Aq ‘000 00T 4od s8res 8y} ‘(LG" =) 000Z 82UIS BOUB|IBAINS SNONUAUOD YHM S8IS § Buowy s

"99ssauUUal ‘N.L

‘U0BBIO “HO HIOA MBN ‘AN ‘00IX3IAl MON ‘AN “BI0S3ULIAl ‘NIA ‘puelAtelN ‘AN “e1B1089) ‘YO INd1osuuo) ‘1 ‘0peIojo) ‘0D ‘BIuIofeD ‘WD ‘80UR||IBAINS 810D [eLI8)deg SAIOY ‘SOFY :SUOIRIABIGY

z8't e TEV 60F €9€ 2Z6E TI8E 08E 6GE gOOUSPIUISN pajewns3
08'€ W 9Zv L0V 29€ 26€ 08 LT ISE saus |V
69°C SZe¢ GZ€ 0S€ 022 9.C 952 167 80¢ VO
ST'e 95z S0t 8Z¥ ove €T 167 982 06¢ NL
0e'e Zre 0y 96C ISE ¥  I€E  TEE 98¢ NN
zee 60 SOV ZZv €57 8Z€ LUt LT 6LC 1o
15°€ 19C  60v 65€ O0LE 9/€ OTE 2T 68¢ AN
1v'e 19€ 80V 62€ vz 28€ GZE 9Lt ISE /o)
oY 66€ 80V €Y T16€ ¥Iv Iy 607 vLE %)
v8Y 106 TSY ST 09G S8F 2r'S ET9 €9 an
2Ls 057 0SS 289 T6v 9LS ¥6S 20§ SO 02
zz'9 999 /6L ST'S 109 00L 8§55 S¥9 Il NN
UesN JesA-g  ZI0Z TT0Z 0T0Z 600Z 8002 200Z 9002 S00Z s s0av

(£6v6 = U) suos13d 000 00T/sase ‘3duapIou|

#2T02-S00Z J0J JeaA pue alIS 20UB|[IBAINS 810D [el1810eg aANIY AQ ‘aseasiq $122020102.41S \/ dnols) aAISeAU| 1O 8ouspIdu|

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



Page 15

Nelson et al.

Je[NISeA0.a1a2 BpNJoUl pue 813y pajuasald 10U aie Sased JO 946> PajeIo] eyl Suol

‘35BaSIP JB|NOSBAOIPILD 11048]0S08UJE 10 In|1ey Leay sapnjoul

4

‘spunom [ea16ans pue ‘ewnes Buirensusd 4o Jun|q ‘e[8oLIeA ‘suing sapnjoul,

*(ueaw 8yl Yyum pasedwiod sem alIs Yoea UsUM Salls SS0Joe UOIRLIBA) GO >4

D

"ZT02-0T0Z 104 SIUNOD OZ PUE 6002-G00Z 40} SINUN0D TT WO BJ BJep 3aSSIUUAL

(%G ‘S9SBD 9ZE) 24N|IRY JOAI|/SISOULIID PUR ‘(9612 'S9S8D 8TZ) SAIV/UORIBUI SNUIA ADUBIdIapounwIW UBWNY (90"} ‘S8sed 99€) 1uapIode

u0D "(%tr°e) Susited ased Gz 104 UMOUNUN SeM Ul

1pu0d BulApiapun ay ] ‘uonipuod BulApispun T< pey sjuaired awos

q

"PaIeIIPUI BSIMIBLIO0 SSBjUN ‘suoniIpuod BulApiapun Jo (%) ‘ON uasaidal Emom

'33553UUAL ‘N.L ‘U0BBIO “HO HIOA M3N ‘AN ‘00IX3IA MaN ‘N
‘210SaUUIIAl ‘NN puejAtelN ‘aIA ‘e161089) ‘O ‘Inonosuuo) ‘19 ‘asessip Areuow|nd sAONAISAO 21UOIYD ‘AdOD ‘0PEIOJ0D ‘0D ‘BILIONED ‘WD ‘B0UB||IBAING 8100 [B1I310BY BAIDY SOV :SUOIBIABINGY

(esp) sty pINIEE  p(129) 922 (1p) sz o) ey pW9E) Sy p(L18S) €65 (gep) Ty p(T0S) 89 p(L9e)seE  p(2TS) vES /ssaulll Butkpispun 1<
(6s2)sssz pOO)SYT  (61g)ge  (652) 5T (82d)zee  pE6D)T8E  pGIN LT (roz)osz  (6er)sze  pOVE)ZLE  (ger) oz ssauj1 ButAjiapun oN
(T°01) 661 plrv) oz p(r'22) 6y 8 1z p6%) 92 p(55) 6€ p(T'LT) 8L (cor)es  plL'Se) LTt @19 p(EET)TL UMopXealq upjs JIuoIyD
(8'9) ¥es .BAM.NV 8T EQ.D e .Bﬁ._”.Nv €T h@.ov 79 \uﬁw.ov 0T EA._”._\._HV T ﬁﬁm:_”v 9T (€y) oy (9°€) 6E h@.m._”v 19T asn Bnup uonoaluy
@1 199 1re)se  pEOST  p(ee)os (r'9) 29 (50 9 €9y pLBYE (5'9) 19 (T'9) 99 p(7'8) 88 sisAJeip/ainirey jeusy
(1'8) v (Te6) gL (92) g (98) 25 (D)€L p(9°9) v8 (28) 88 @9e,  pETIDIIT (o) 6L (v'8) 88 ado? Jo ewssAydw3
(¢'8) 5L (9°8) 69 plOET) 65 (1'6) 5§ p8€) L€ (5°2) 96 (0'8) T8 (re)gs  pETIDIIT  p(r9)69 (s)8L yuotssaIddnsounuuw)
we)or,  pT9IY (8'8) 8¢ Edzy  pULEDEL  (19)gg wos, — pT9so woog  p@6ISOT  ploTT)TET asn 10yooly
(T01) 166 (9°8) 69 (T01) ¥¥ p(T9) 1 p(T'1) 69 pTID T pETID9TT  pOTTSZT  p(8ET) 62T ('8) €6 (8°01) €11 £130ueD
o) 9sst  (gsm)ozr  pWTDEE  p(LODSO  (ror)ger  pUTDOST  p(9LD) 62 (9p7) 51 (vT)zer  (zsmeor  p(eTe) 1L JENAITS
(rer) qour  pED) 68T p(8ET) 09 p(2L2) S9T (0°27) 99T (ren) 18z p@TD) ¥IT (zog) 11z pedece  p(Gen)SvT  p(6'wT) SST 435EasID LiedH
(0'02) 8¥8T p(6'9) 55 p(€62) 12T (8s1) 801 p8TT) Tee (06D vz o9V plree)sse  (ggr)egr p(L79T) 08T (z02) 112 5UMOpXeaIq UIs 8Ny
(oso)vosz  pO6D L (1oyve  (og)oor  pULLADOLZ  (sez)ooe  (z9)s9r  (rve)zoz  pOLD8se  prTe)Lez p(902) STC snujjaw se1eqeIq
(zez6 (008 (vev (209 (5.6 (8221 (TT0T (5207 (€6 (sL0t (evot quompuod Buifispun
=U) [e101 =U)5NL =u)d0 =U) AN =U) AN =U)NIN =u)aw =u)vo =u) 10 =u) 0D =U)vo

e(%) 'ON ‘aus sOgv

2T02-5002 ‘1S aaue||1aAINS Aq aseasiq $12202010341S Y dnol anISeAu| YLIAA Slualied ased Buowy palioday suonipuo) BulAispun

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2018 January 22.

Clin Infect Dis. Author manuscript



Page 16

Nelson et al.

‘uonipuod BulApispun T< yum sjusized ased Jo (%) "ON Juasaidal Smn_\

"(G6L7 = U '|e10} 196K = U ‘N.L ‘6TZ = U "HO ‘02€ = U ‘AN ‘TEG = U ‘|AIN ‘0L = U ‘NIN ‘6E¥
=U'QIN 'S.G = U 'VO ‘vBy = U 1D '02S = U ‘0D FES = U VD) SUORIPU0d BUIALISpUN UMOUY UIIM S3SD 104 SI0JeUILLIOUSp J1410ads-a1els Aq PapIAIp aJe SI0JeJawinN 'SI89]n 21U0JYd J3YI0 10 ‘30N SNHGNIap
“BWaZ99 ‘siseliosd se Yyans ‘pasiwoldiiod s upys 8y} o A1iBa1ul ay) YoIym Ul UoRIpUOod 2160]03RWIBP J1UOIYD JUSLIND B JO 30Uasald By} SapN|oUl pue 600Z Ul PapPE Sem d|geLIeA LUORIPUOD UIXS J1U0JYd L,

‘AdeJayy anissasddnsounwiwi

0 1d19031 10 ‘elus|dse ‘aseasip [|92 8]X91s ‘UoneIuR|dsuel) Moltew auog 10 ueblo ‘awolpuAs onoydau ‘snsojewayiAie sndnj o1Wa1SAS Jo Juawieal) “Aouaiolyap ulngojfounwiwi woly mc_::wwmq

*SI80UED JBY10 IO ‘asessIp uyBpoH ‘ewojsAw “elwsyns) sapnoul 5

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



Page 17

Nelson et al.

(e°sv) 062T (9°Tv) 06€2 (022) 012 (L°0v) 068€ (%) "ON ‘syuanred ssed

100> 4118s
(z81) L'91 (0'TT) 6'ST (e8) 8% (ST 29T % ‘(8WoIpuAs 8]0 10} ¥4D) ¥4D
(90) 8T (92 15T (z2) 12 (02) 06T (%) "ON ‘swuaned ased

100> uo11934UI [eauoiliad Jo [eulopay
(6'T2) 6'T2 (6'TT) 6'TT v Ly (D) €T 9% ‘(8WOoIpuAS 8]0s 10} ¥4D) Y40
(1'82) 008 (L22) 90€T (0'62) 212 (6'72) €8€2 (%) ON ‘syuaired ssed

100> elWal8)0eg
(6°22) 812 (8'€T) 56T W) Ly (L21) 88T % ‘(swoipuAs 810s 10} H4D) U140
(0'6T) 0¥ (zy1) 618 (£'ST) 05T (8'ST) 60ST (%) ON ‘siuaned ssed

100> rluownaud
(0°08) 822 (002) 012 (e's€) 2'92 (6'92) 9'€C % ‘(8WoIpuAs 810s 10} Y4D) Y40
(9r0) 81 (T1) 29 (1°¢) 08 (zT) 01T (%) "ON ‘siuaired ased

100> uonoBuI SNO 10 snifulus iy
(672v) '8¢ (6°T2) €97 (0o (0'62) 8°0C % ‘(8WoIpuAs 810s 10} ¥4D) Y40
(L7) seT (28) 667 (L0 2L (2'9) T79 (%) "ON ‘syuaned ased

100> 94N
(0'02) 6°0% (8'2e) v'ez 0o (6'28) L'ST 9% ‘(8WO0IpUAS 8]0s 10} ¥4D) Y40
(1¢) 88 (9'%) 59z (62) 82 (0%) 8¢ (%) ON ‘syuaned ssed

100> 5SS1S
(8'sS) v'ev (8'88) L'62 (009) 9°€T (0'sv) 8'ce p% ‘(wioapufs 8105 10} ¥4D) ¥4
(5y1) T2 (8¥T) vev (9v) ¢z (L°€1) 229 (%) ON ‘syuaned ssed

100> 2Mooys ondess

g@eAd (0582 =u) A g9  (9ouaiegey) (2616 =) A¥9-0T (966 =U) A0T> (296 = U) seby |1V ©dWOIpUAS

dnouo aby Juaned ased

2102-5002 ‘dnolo aby Aq suonaaju| $122020)05.1S 7 dnois) anISeAu] YIIAA S1udiled ase) Ul sajey Allje1e4-ased pue SaWoIpuAs [eaiul|d

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



Page 18

Nelson et al.

"SI}8AWO8)ISO pue ‘ssaasge ‘eluownaud ‘AN UHM Ydea T pue ‘uoiidajul SNosueInd Yim ¢ ‘elwalaloed yim g Buipnjour ‘Buissiu sem
3Wo21n0 ay} ‘syuaired 6 104 *BWOIPUAS T< pey syuaired ased #TZz 40 2101 7 "(SSLLS pue 4N J0) 1da0xa) Suouap ased 18aW 0} ‘po0|q Se Yans ‘Uswidads Jo a)Is 8]148]s A|[ewlou e WoJy 81e|os] ue Jo AIsn0dal
Aq patuedwodde aq 03 pey ‘eluownaud pue UoIBJUI BNSSII-YOS JO/PUB SNOSUBIND Se UYINS ‘SBWOIPUAS [ed1UI]D *824N0S B INOYIM BIWSI8)IB] JO U0IId8IXa 8yl UHM ‘BWOIPUAS T< pey aney Aew sjusied ased,

"3WOJPUAS %00Us 21X0) [8200001d8.1S ‘SSLS ‘UOIII8JUI BNSSII-1JOS PuR UIS ‘| 1SS ‘Shitose) Buiznoioau ‘4N ‘81qeatjdde 10u ‘W ‘WalsAS SNoAIBU [RJIUSD ‘SN ‘e1el Allje1e)-ased ‘Y40 SUOIBIABIqGY

WN (e8)e8 o (9297 % ‘(3WoIpUAS 8]0 10} ¥4D) ¥4D
(0o (zo)zt (82 12 (r'0) 6€ (%) "ON ‘swuanred ased

100> y*3ho
(0) 69 0) 67 (0o (0)6€ % ‘(8WoIpuAs 810s 10} Y4D) Y40
(01) 62 (T1)19 (0'v) 8¢ (eT) 82t (%) "ON ‘siuaned ssed

T00> BIpaW snNo Jo snimojbid3
(0) 9'sT (Toey (0's2) 29T 0992 % ‘(8WoIpuAs 810s 10} Y4D) Y40
(T1)ee (97) €6 (90)9 1) TET (%) "ON ‘syuaned ased

20 sipsearad Jo spipJesopul
VN (Tmez VN VN % ‘(8WoIpuAs 8]0s 10} ¥4D) H4D
VN (T°02) 92 VN VN (%) "ON ‘syuaned ased

N uonosyur paejal-Aoueubaid
(0)8's Tty (0o (e1Le % ‘(8wWoIpuAs 810s 10} Y4D) Y40
(T°¢) /8 Ly iz (CWAN4] (5v) oey (%) "ON ‘syusned ssed

T00™> siRAWO08ISO
(0)9¢ 09T (0o 09T % ‘(8WoIpuAs 810s 10} Y4D) Y40
(672) €8 (2'9) ¥8¢ (#'17) 60T (0'9) 9.5 (%) "ON ‘sjuaned ased

T00> $S92SQY
(1) 88 (se)ee (0o (se)6e % ‘(8WoIpuAs 8]0s 10y Y4D) H4D
('9) 18T (§'TT) 199 (5'vT) 8T (e'0T) 086 (%) "ON ‘syuaned ssed

100> snuyye ondas
(€8) LTT (0e)gs (0o (8r)eL % ‘(3WoIpUAS 8]0 10} ¥4D) ¥4D

gnrend  (0s8z = u) A 592

(sousuayey) (z5LS = u) A ¥9-0T

(g6 =u) A 01>

(1556 = u) s8bV |1V

dnouo aby uaned ased

dWOIPUAS

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



Page 19

Nelson et al.

"(7Z = u) SaWwoJpuAs Jaylo pue ‘(T = U) SBWOIPUAS umousun ‘(T = u) awoJpuAs d1wain anAjowsay wmuz_oc_ngQQ

‘(g€ = u) sisdas [esadsand pue ‘(8 = u) sniuoluweoioyd (TT = u) uoroge andss ‘(zg = u) SIILIIBWOPUS 8PNJIUI SUOIIIBLUI (SIeak y—GT pabe uswom Bu_m

AN
nuapeydwA| ‘smbueydwA| ‘sngajydoquiodyysinigajyd ‘suondajul punom ‘sejadisAla ‘s1adjn pajdajul ‘sin||ad sapnjoul _._.mmk
"(9%b" .2 "940 pauIgquiod) 4N PUe SSLS Ulog YU pajuasaid (%68'0) Sjualyed sed €2 4 [101

Sapn|oxa ‘aualbued pue ‘ainynd pinyy uiol aAISod-SyO B INOYIIM SIISING

“Juasald awoIpuAs Ajuo ayy sem awoIpuAs paiyioads ayl woym ui sjuaired ased 10) sS4 aJe sanfen _mo_wwczemn_b

“(T¥6¥ = U ‘JoreuILIOUsP) 600Z Ul Pappe Sem ,4o0ys ondss,, ajqetsea L

*30UBDIIUBIS 0} 140N 3Y) GO° >

o pue 1uaIa)al ay) se aburs abe Jeak-9—QT 8yl 4oy anfeA ayy Buisn ‘1sa1 Nx UM paulwLIglep ‘awolpuAs sejnaied e 01 ajgeingriiie suoioasul S aAIseAul Jo uonodold ay) o Alobajed abe Aq EOm:mQEooQ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



Nelson et al. Page 20

Table 4

Independent Risk Factors Associated With Death Due to Invasive Group A Streptococcus Infection for Cases
Reported in 2005-20124
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Variable Odds Ratio (95% CI)
Age group, y
<18 0.83 (.46-1.52)
18-34 Reference
35-49 2.00 (1.30-3.08)
50-64 2.80 (1.85-4.25)
65-74 3.34 (2.15-5.17)
>75 5.41 (3.53-8.27)
Race
White Reference
Nonwhite 0.91 (.74-1.12)
Sex
Male Reference
Female 1.04 (.88-1.23)
Recent surgery?
Yes 1.66 (1.06-2.61)
No Reference

Nursing home residence®

Yes 1.84 (1.38-2.44)

No Reference
Syndrome

Syndrome other than those listed below Reference

Septic shock

9.11 (5.83-14.24)

Necrotizing fasciitis

5.25 (3.15-8.77)

Meningitis or CNS infection

412 (1.72-9.87)

Pneumonia

3.44 (2.19-5.40)

Bacteremia without source

3.20 (2.08-4.93)

SSTI

0.92 (.58-1.48)

emm Type

Not 1, 3, 12, 28, or 89

Reference

1 1.39 (1.12-1.72)
3 1.75 (1.30-2.36)
12 1.08 (.79-1.48)
28 1.00 (.72-1.42)
89 0.92 (.65-1.30)

Health status

Clin Infect Dis. Author manuscript; available in PMC 2018 January 22.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Nelson et al. Page 21

Variable Odds Ratio (95% CI)
No underlying illness Reference
Skin condition? 0.84 (:54-1.31)
Chronic illness 1.37 (1.06-1.76)
Immunosuppression 1.64 (1.24-2.18)

Abbreviations: Cl, confidence interval; CNS, central nervous system; SSTI, skin and soft-tissue infection.

a . . B . - L .
Data from New York and Connecticut were excluded, because deaths were associated with human immunodeficiency virus infection/AIDS were
not reported (New York) or isolates were not available to enable emm typing (Connecticut).

b - ] "

Surgery within 7 days before first positive culture.
c . . ] "

Residence at time of first positive culture.

Includes penetrating and blunt trauma, burns, varicella, surgical wounds (within 7 days before first positive culture), and chronic skin condition.
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