
Streptococcus pyogenes (group A Streptococcus 
[GAS]) causes a range of pyogenic, toxigenic, 

and immunologic diseases with varying degrees of 
severity, from pharyngitis and impetigo to necrotiz-
ing fasciitis and streptococcal toxic shock syndrome 
(1). Improved sanitation and increased availability of 
antimicrobial drugs have led to a decline in GAS in-
cidence and virulence (2), but concern about invasive 
GAS (iGAS) has increased in recent decades (3).

Each year, ≈500,000 deaths occur worldwide from 
GAS; 160,000 of these are from invasive infections, of 
which 97% occur in resource-limited countries (4). 
Some of the highest rates of iGAS occur in Indigenous 
populations within industrialized countries (5), most 
likely as a consequence of health disparities between 
general populations and marginalized peoples, in 

addition to a poorly understood host–pathogen re-
lationship. In the United States, American Indians 
and Alaska Natives (AI/AN) suffer from high rates 
of iGAS, but epidemiologic and clinical data on GAS 
among these Indigenous populations is more sparse 
than it is in other industrialized nations (6). We high-
light discordance between the substantial effect of 
iGAS on AI/AN and understanding of factors that 
influence iGAS disease in these vulnerable US popu-
lations and in other Indigenous persons.

iGAS in the United States
During the 1980s, the first reports of streptococcal 
toxic shock–like syndrome resulted in a resurgence 
in concern about GAS disease. A population-based 
study of iGAS in the United States found a stable an-
nual incidence rate of 4.3 cases/100,000 population 
during 1985–1990 (7). Despite this stable rate, GAS 
disease increased, and multiorgan dysfunction and 
hypotension signaled an increase in GAS severity.

This study prompted the Centers for Disease 
Control and Prevention (CDC) to add iGAS to the 
Active Bacterial Core surveillance (ABCs) program. 
The first survey, which assessed iGAS in the United 
States during 1995–1999, found an annual incidence 
of 2.2–4.8 iGAS cases/100,000 population (3). Rates 
were stable in 2 follow-up epidemiologic studies that 
showed iGAS incidence of 3.5 cases/100,000 popula-
tion for 2000–2004 and 3.8 cases/100,000 population 
for 2005–2012 (1,8).

The CDC reports suggested stability with unchang-
ing rates and disease distribution. Each report conclud-
ed that iGAS incidence had been stable not only intra-
study but also across decades, starting with the work of 
Hoge et al. (7). The researchers referenced higher rates 
of iGAS among Indigenous populations of other coun-
tries, and ABCs data indicated that AI/AN make up 
<2% of the country but contributed 4% of iGAS cases 
during 2000–2012 (1,8). This finding provides at least 
inferential evidence of higher rates of iGAS among AI/
AN that warrants further investigation.
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Active surveillance of invasive group A Streptococcus 
(iGAS) disease indicates that its incidence in the US gen-
eral population is low, but limited studies show rates for 
American Indians and Alaska Natives (AI/AN) are sev-
eralfold higher. Major disparities in rates of iGAS exist 
between Indigenous and non-Indigenous populations of 
Australia, New Zealand, and Canada, but much less is un-
derstood about iGAS among AI/AN in the United States. 
Although complex host–pathogen interactions influence 
the rates of iGAS, including strain variation and virulence, 
the number and type of concurrent conditions, and so-
cioeconomic status, the relative contribution of each re-
mains unclear. We highlight the poor correlation between 
the substantial effect of iGAS among Indigenous persons 
in industrialized countries and the current understanding 
of factors that influence iGAS disease in these popula-
tions. Prospective, large-scale, population-based studies 
of iGAS are needed that include AI/AN as a necessary 
first step to understanding the effects of iGAS.
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Incidence varies by region. For example, Utah 
reported an iGAS incidence significantly higher than 
country averages for 2002–2010: 6.3 cases/100,000 
Utah residents. The study noted an increased rela-
tive risk among Native Hawaiians/Pacific Islanders 
(3.3% vs. 1.2%), but this observation was not explored 
further (9). More recent data from the ABCs program 
indicated an increase in iGAS incidence in the gen-
eral population; rates rose in 2014 to 4.8 cases/100,000 
population and in 2016 to 5.8 cases/100,000 popula-
tion (10,11). Although this recent increase is notable, 
it is marginal, and overall rates remain substantially 
lower than those reported among AI/AN.

These studies highlight the stable pattern of iGAS 
in the general US population. However, they fail to 
highlight the limited but important evidence that 
suggests higher iGAS rates among AI/AN.

iGAS among AI/AN
Hoge et al. reported an overall iGAS incidence of 4.3 
cases/100,000 population but found an age-adjusted 
incidence of 46.0 cases/100,000 population for AI (7). 
Heightened concern for iGAS among AI led Benjamin 
et al. to review all cultures positive for GAS from ster-
ile sites at a hospital serving Zuni Indians during the 
same period (1982–1991) (12). The annualized inci-
dence rate for iGAS of 13.3 cases/100,000 population 
(95% CI 8.3–33.2) for Zuni Indians contrasted with a 
rate of 1.7 cases/100,000 population in a neighboring 
county of predominantly Hispanic and non-Hispanic 
White residents. The authors noted that during a time 
when the medical community was focused on sus-
pected rising rates in the general population that re-
mained in single digits, the rate of iGAS among Zuni 
AI patients was, and had been, substantially higher.

The findings are consistent with more recent stud-
ies and case series that described iGAS among AI/AN. 
Rudolph et al. evaluated iGAS in Alaska during 2001–
2013, and although only 20% of the state’s population 
was AN, this group represented 46% of the state’s 516 
iGAS cases. The rates of iGAS were 13.7 for AN and 
3.9 for non-AN persons per 100,000 population (6). The 
Arizona Department of Health Services reported iGAS 
incidence rates for AI/AN that were 2–5 times higher 
than those for the general population and an increase 
in rates in recent years (13). However, this information 
has not reached the broader public health or medical 
literature that mostly comprises smaller, local reports 
of iGAS clusters involving AI communities (14,15).

A Disease of Displaced Indigenous Populations
Other high-resource countries with more recent 
iGAS population-based studies among Indigenous 

populations can provide insight for an explana-
tory model for iGAS among Indigenous persons 
in the United States. Although evidence is limited 
on the true incidence of iGAS globally, Indigenous 
populations of industrialized nations have the high-
est recorded rates of both epidemic and endemic 
iGAS disease (4).

Canada
After an iGAS outbreak swept through Canada, re-
searchers conducted an epidemiologic review of 
iGAS cases in northwestern Ontario for 2001–2013 at 
the health center, metropolitan, and provincial levels 
(16). First Nations Canadians accounted for 41% of 
iGAS cases despite making up only 8% of the popula-
tion. The rate of iGAS at the health center where most 
of this population obtains care ranged from 9.8 to 
18.1 cases/100,000 population, a rate 2–7 times higher 
than the largely nonnative metropolitan and provin-
cial populations. In a more focused follow-up study 
of 22,000 First Nations Canadians among 26 commu-
nities in the same region, Bocking et al. reported an 
iGAS annualized rate of 56.0 cases/100,000 popula-
tion for 2009–2014, >10 times higher the rate for the 
general population during the same period (17).

Australia
The rates of GAS and poststreptococcal sequelae are 
substantially higher for Aboriginal Australians than for 
the general population of Australia, for which GAS dis-
ease has declined (18). In a retrospective 6-year study of 
all cases of GAS bacteremia in the Northern Territory, 
Carapetis et al. noted that >50% of cases occurred in 
Aboriginal Australians, who make up only one quarter 
of the population (19). Two separate sequential studies 
in neighboring Queensland spanning 1996–2009 sup-
ported these findings; rates of iGAS for Aboriginal Aus-
tralians were 3–8 times higher than for non-Indigenous 
Australians (Appendix, https://wwwnc.cdc.gov/EID/
article/26/9/18-1169-App1.pdf).

New Zealand
In nearby New Zealand, Safar et al. conducted a 
population-based study of iGAS to anticipate cov-
erage of potential GAS vaccines in development 
(20). In the diverse city of Auckland (population 
≈1.3 million), 11% were Indigenous Māori. Yet, this 
group accounted for 31% of all iGAS infections over 
a 2-year period, and the incidence rate for Māori 
was 5 times higher than for New Zealand residents 
of European and Asian descent. The disparity was 
more dramatic at the ends of the age spectrum for 
Indigenous Māori. iGAS incidence rates per 100,000 

1972	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 9, September 2020



Effects of Invasive GAS on Native Americans

population were 40.9 for children <1 year of age and 
146.8 for persons >65 years of age.

The disparity in iGAS between Indigenous and 
non-Indigenous populations spans geography and 
cultures (Table). However, the extent and reasons for 
that disparity remain poorly understood.

Influencing Factors in iGAS
The relationship between GAS and Indigenous pop-
ulations most likely involves complex interactions 
between pathogens and humans. Numerous studies 
have contributed to a long list of influencers of GAS 
incidence but a lack of rigorous analyses has yielded 
few prevention strategies (21). The high rates of iGAS 
among Indigenous persons may represent unique 
circumstances that combine pathogen characteristics, 
population dynamics, and individual risk factors that 
all contribute to varying degrees.

A high incidence of noninvasive GAS disease 
and postinfectious sequelae is well described in the 
Indigenous populations of industrialized countries 
and coincides with elevated rates of iGAS (5). Among 
Indigenous Australian children, the prevalence of 
pyoderma was reported as high as 90% (18), and in-
cidence rates were 4–10 times higher than in other re-
source-limited settings (22). Rates of acute rheumatic 
fever for Indigenous Australians are as high as 194 
cases/100,000 population and for Māori in New Zea-
land, 78 cases/100,000 population (5). These rates are 
down from estimated rates of 374–508 cases/100,000 
population during the 1980s, but remain higher 
than rates for local non-Indigenous groups (1.1–
7.2/100,000) (5). Finally, Indigenous Australians have 
the highest reported rates of acute poststreptococcal 
glomerulonephritis worldwide (239 cases/100,000 
population) (23).

Less is known about noninvasive GAS and post-
GAS sequelae among AI/AN in recent decades. Stud-
ies among AI children in Minnesota during the 1960s 
and 1970s showed high rates of poststreptococcal glo-
merulonephritis in addition to a >80% prevalence of 
pyoderma (24,25). Despite national declines in rheu-
matic heart disease, limited reports reveal rates of 
rheumatic heart disease in AI nearly 5 times national 
estimates (4.6 vs. <1.0 cases/1,000 population) (26) 
along with higher rates of rheumatic heart disease–re-
lated death (27). These observations require a broader 
appreciation of GAS among Indigenous persons, in-
cluding AI/AN.

Socioeconomic Status
Socioeconomic status (SES) is a commonly asserted 
but poorly studied explanation for the high rates of 

iGAS among Indigenous persons. Few studies have 
directly measured SES when comparing iGAS rates 
between Indigenous and non-Indigenous popula-
tions, and the evidence is conflicting. In 1 study from 
Australia, half of iGAS cases occurred in the lowest 
socioeconomic quintile, in which Indigenous persons 
were overrepresented (20). Yet, a study in Fiji that 
specifically looked for a relationship with SES found 
that Indigenous Fijians had higher rates of iGAS 
despite a higher SES than did Indo-Fijians (28). Al-
though this study was limited by small sample sizes, 
it is an example of the difficulty in understanding 
how SES indicators relate to iGAS incidence. Yet, of 
all the potential influencers, SES seems to be the most 
obvious commonality between displaced Indigenous 
persons of different industrialized nations.

According to US national health statistics, 23.9% 
of AI/AN lived below the poverty level during 
2014–2016 (29), whereas 12.7% of all persons and 
11.0% of White persons lived below the poverty 
level (29). According to Akee et al., AI/AN experi-
ence substantial income inequality and immobility. 
Along with Blacks and Hispanic persons, AI/AN 
are consistently at the lower end of income distri-
bution in the United States and are the least likely 
to move percentiles in their lifetime (30). Of the top 
10% of US income earners, 84% were White, whereas 
only 0.3% were AI/AN (30).

For numerous health indicators, AI/AN are 
worse off as well and have some of the highest 
age-adjusted death rates secondary to chronic liv-
er disease and cirrhosis, diabetes, unintentional 
injuries, septicemia, and alcohol-related deaths 
(29). Although the overall age-adjusted death rate 
for AI/AN is lower than that for all races (591 vs. 
729/100,000 population), the years of potential life 
lost before age 75 years is 10% higher for AI/AN 
than for White persons (i.e., AI/AN lose 645 more 
years of life per 100,000 persons before age 75 years) 
(29). Infant mortality is a “fundamental indicator 
of … community health status, and the availability 
and use of appropriate health care,” and from 2005 
to 2015, infant mortality rates decreased >10% for 
every racial group except AI/AN, for whom infant 
mortality rates did not improve (29).

For some conditions, however, AI/AN have 
lower death rates than the US general population and 
for White Americans. These conditions include heart 
disease, cerebrovascular disease, malignancies, and 
chronic lower respiratory disease (29). Misclassifica-
tion and incomplete data for racial groups other than 
White and Black explains some of the reason for these 
lower death rates.
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Although AI/AN experience socioeconomic and 
health disparities, linking the 2 causally is complicat-
ed. The relationship between SES overall, specific SES 
indicators (e.g., income or education), and health out-
comes varies by race (31). Furthermore, Black Ameri-
cans have near equivalent rates of poverty (22.0% in 
2016) to AI/AN and have some of the largest health 
disparities of any racial group (29). The all-cause 
age-adjusted death rate is highest for Black persons 
(857/100,000 population), and Black persons have 
higher death rates for heart disease, cerebrovascular 
disease, malignancies, diabetes, and homicides than 
persons of all other races (29). Although Black Ameri-
cans have worse health indicators than AI/AN for 
many conditions, the rates of iGAS among Blacks are 
more similar to those among Whites than for AI/AN. 
In the most recent comprehensive report by CDC, 
the rate of iGAS among Blacks was 4.7 cases/100,000 
population and increased to 6.2 cases/100,000 popu-
lation in the 2016 update (1,11).

For these reasons, we caution against attribut-
ing substantial disparities in iGAS among AI/AN 
compared with the general population to SES alone. 
Although SES undoubtedly plays a major role, more 
information is needed on which SES indicators most 
strongly predict iGAS in AI/AN and the general 
population. Such information will best guide public 
health interventions beyond oversimplified sugges-
tions to improve hygiene and ameliorate poverty.

Perhaps the reason SES fails to accurately cap-
ture which, and how, certain SES indicators most 
affect Indigenous persons is that the colonization, 
displacement, assimilation practices, and subse-
quent intergenerational historical trauma expe-
rienced by Indigenous populations fundamen-
tally differentiate them from other impoverished 
groups. The health effects of centuries of denying 
and denigrating Indigenous culture have only re-
cently been appreciated, but much needs to be done 
to promote healing (32). The displacement and dis-
crimination experienced by AI/AN is difficult to 
measure and correlate with health outcomes. Fur-
thermore, the experiences of Indigenous persons 
have shaped migration, their interactions with non-
Indigenous communities, and relationships with 
institutions such as the education and healthcare 
systems. These factors have led to social, econom-
ic, and political disparities not captured in typical 
epidemiologic studies and may contribute to the 
confusion in how SES is linked to health disparities 
among AI/AN. Recognizing these historical differ-
ences for AI/AN is critical for better understanding 
health disparities, such as iGAS, and might be the 

most important and least understood aspect of dis-
parities in Indigenous health.

Microbiological Factors
Although strain novelty and virulence play impor-
tant roles in iGAS outbreaks, their differential con-
tribution remains unclear. Some studies have pos-
tulated that strain prevalence and novelty, rather 
than innate virulence potential, was the predominant 
reason a specific strain would emerge as a cause of 
iGAS (33). That is, upsurges in both iGAS and nonin-
vasive GAS disease could occur when a predominant 
strain is supplanted with a new emm-type to which 
the population lacks sufficient immunity (21,34). Out-
breaks can occur within specific risk groups that may 
implicate interaction between strain-type and host 
irrespective of virulence (e.g., the spread of severe 
GAS infections among intravenous drug users in the 
United Kingdom) (35).

Yet, hypervirulent strains also have contrib-
uted to outbreaks of iGAS (36,37). A well-described 
outbreak of iGAS in Canada resulted from a single, 
recently emerged, hypervirulent strain of emm59, 
which then migrated to the United States; genetical-
ly diversified; and led to emm59 outbreaks in Mon-
tana, Wyoming, and Arizona (15,38,39). During the 
outbreak in Canada, Tyrrel et al. noted that a rela-
tively modest proportion of iGAS cases (5%) in On-
tario was attributable to emm59. Yet, they observed 
that 56 (83%) of Ontario’s 68 emm59 cases occurred 
in an area with a high proportion of First Nations 
Canadians (37). This observation supported by the 
findings of Athey et al. that reported a dispropor-
tionate number of iGAS cases among Indigenous 
Canadians in Ontario, particularly in the Thunder 
Bay region, where emm59 caused 44% of iGAS in 
2008 (16). An emm59 outbreak in a northern Arizona 
hospital cited Native American race as a primary 
risk factor for infection. Eighteen (62%) of 29 iGAS 
cases were identified as emm59, 15 (83%) of which 
occurred in AI (15). A phylogenetic analysis of 67 
emm59 strains known to cause outbreaks of iGAS in 
the United States revealed that AIs had the highest 
proportion of invasive emm59 infections (40). How-
ever, without more detailed community epidemio-
logic data, the relative contribution of novelty versus 
virulence was difficult to discern. Genetic studies of 
invasive streptococcal outbreaks in the United States 
suggest that a progenitor pathogen makes its way 
into a population (e.g., AI/AN) and then spreads 
quickly from person to person if the dynamics are 
favorable (15,16,39,40). Novelty and virulence most 
likely work together to intensify iGAS epidemics in 
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Indigenous communities. Where a new pathogen 
might lead to an increase in iGAS overall because 
of population susceptibility, a particularly virulent 
new pathogen leads to dramatically increased rates 
of disease. It is entirely plausible that population-
specific dynamics and pathogen virulence work to-
gether in amplifying outbreaks.

Host Factors: Concurrent Conditions and  
Immunologic Vulnerability
Evidence suggests a strong relationship between 
iGAS and the prevalence of concurrent conditions 
(19). Diabetes, skin disease, chronic kidney disease, 
heart disease, and alcoholism are consistently asso-
ciated with iGAS (1,17,20,28). Although some stud-
ies found Indigenous persons with iGAS were more 
likely than non-Indigenous persons to have diabe-
tes, chronic kidney disease, or both (7,19), evidence 
demonstrating no association in the number or type 
of concurrent conditions was equally limited (20,28). 
This observation reflects the limitations of the re-
search and the poor understanding of how con-
current conditions contribute to iGAS. Indigenous 
populations clearly have more such conditions and 
acquire them at a younger age (41,42). The quantity 
of concurrent conditions, in addition to the specific 
conditions (e.g., diabetes), might explain why In-
digenous persons, including AI/AN, are overrepre-
sented among iGAS cases and is supported by the 
higher rates of all-cause infectious disease–related 
death, including from iGAS, in AI/AN (43). How-
ever, this approach would be an oversimplifica-
tion that neither accounts for the role of pathogen 
virulence and host factors nor provides insight into 
how such conditions specifically contribute to iGAS. 
Furthermore, attributing markedly elevated rates 
of iGAS to overall vulnerability cannot explain the 
variability in findings on the effects of concurrent 
conditions among surveys. Concurrent conditions 
appear to play an integral but incomplete role in the 
incidence of iGAS among Indigenous populations. 
Prospective studies to interpret the effects of specific 
conditions on the incidence of iGAS are needed to 
better identify persons at highest risk within vulner-
able populations.

The potential contribution of host genetics is 
the least understood of variables. Evidence suggests 
genetic conservation among AI/AN (44), and a ge-
netic basis for several conditions prevalent among 
AI/AN has been explored or established, including 
asthma (45), diabetes (46), and rheumatoid arthritis 
(47). Evolutionary bottlenecks and founder effects 
have led to an overall decrease in allele diversity,  

and tribal structure of reservation life has led to 
semi-independent gene pools (44,48). Such gene 
pools provide a potentially more homogenous wide-
spread susceptibility that could partly explain the 
vulnerability of all AI/AN populations to invasive 
infections caused by encapsulated organisms (Hae-
mophilus influenzae, Streptococcus pneumoniae) that is 
well described but incompletely understood (49). 
A similar mechanism could be involved with GAS 
disease. The application of more recently developed 
techniques that measure host immune response to 
bacterial infections may offer additional insights, 
which can guide future efforts at GAS vaccine de-
velopment and control (50).

Given the disparity in iGAS among AI/AN, it is 
reasonable to consider a host genetic predisposition 
to invasive infections. In a world of rapidly evolv-
ing techniques for genetic and epigenetic testing and 
the emerging potential for gene-targeted therapies, 
exploring the possibility of a genetic predisposition 
seems prudent to guide potential therapies for this 
marginalized population.

Conclusions
The medical and public health communities need 
to address the effects of iGAS among the ≈3 million 
AI/AN in the United States. The first step should 
address the lack of population-based studies of In-
digenous Americans. The Indian Health Service 
needs to support further investigations into iGAS 
to fulfill its mission “[t]o raise the physical, mental, 
social, and spiritual health of American Indians and 
Alaska Natives to the highest level” (https://www.
ihs.gov/aboutihs).

We recommend mandatory reporting of iGAS 
in regions with substantial numbers of AI/AN. 
This reporting would encourage smaller health-
care facilities to monitor iGAS outbreaks and im-
prove surveillance in smaller, vulnerable popula-
tions. Greater capture of isolates is integral to using 
population-based epidemiologic studies to better 
identify risk factors for iGAS specific to AI/AN. 
We also propose large-scale sequencing and phy-
logenetic studies of GAS emm types to clarify the 
migration of strains within and among AI/AN and 
determination of unique host immune responses to 
GAS among AI/AN to guide control efforts. A tai-
lored approach might be necessary for AI/AN or 
individual tribes, but better evidence would inform 
community-based interventions to reduce the inci-
dence of iGAS and lay the foundation for multiva-
lent GAS vaccines to protect communities from the 
most harmful GAS strains.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 9, September 2020	 1975



PERSPECTIVE

The opinions expressed by authors contributing to this 
journal do not necessarily reflect the opinions of the Indian 
Health Service or the institutions with which the authors 
are affiliated. There are no sources of funding to disclose 
for either author.

About the Authors
Dr. Close is an internist and pediatrician working as a 
clinician and public health officer with the Indian Health 
Service at Whiteriver Hospital in eastern Arizona.  
His research interests are anemia in children, the  
underutilization of vaccines in complex emergencies,  
and the effects of GAS and poststreptococcal sequelae in 
Native American populations.

Dr. McAuley is an internist and pediatrician and an adult 
and pediatric infectious disease specialist serving the 
Clinical Director of the Indian Health Service Whiteriver 
Indian Hospital in Arizona. His research interests include 
parasitology, tuberculosis, and health disparities in  
vulnerable populations.

References
  1.	 Nelson GE, Pondo T, Toews KA, Farley MM, Lindegren ML, 

Lynfield R, et al. Epidemiology of invasive group A streptococ-
cal infections in the United States, 2005–2012. Clin Infect Dis. 
2016;63:478–86. https://doi.org/10.1093/cid/ciw248

  2.	 Quinn RW. Epidemiology of group A streptococcal  
infections—their changing frequency and severity. Yale J Biol 
Med. 1982;55:265–70.

  3.	 O’Brien KL, Beall B, Barrett NL, Cieslak PR, Reingold A,  
Farley MM, et al. Epidemiology of invasive group A  
Streptococcus disease in the United States, 1995–1999. Clin 
Infect Dis. 2002;35:268–76. https://doi.org/10.1086/341409

  4.	 Carapetis JR, Steer AC, Mulholland EK, Weber M. The  
global burden of group A streptococcal diseases. Lancet 
Infect Dis. 2005;5:685–94. https://doi.org/10.1016/ 
S1473-3099(05)70267-X

  5.	 Sims Sanyahumbi A, Colquhoun S, Wyber R, Carapetis JR. 
Global disease burden of group A Streptococcus. In: Ferretti 
JJ, Stevens DL, Fischetti VA, editors. Streptococcus pyogenes: 
basic biology to clinical manifestations. Oklahoma City (OK): 
University of Oklahoma Health Sciences Center; 2016.  
p. 661–704.

  6.	 Rudolph K, Bruce MG, Bruden D, Zulz T, Reasonover A, 
Hurlburt D, et al. Epidemiology of invasive group A  
streptococcal disease in Alaska, 2001 to 2013. J Clin Microbiol. 
2016;54:134–41. https://doi.org/10.1128/JCM.02122-15

  7.	 Hoge CW, Schwartz B, Talkington DF, Breiman RF,  
MacNeill EM, Englender SJ. The changing epidemiology of 
invasive group A streptococcal infections and the emergence 
of streptococcal toxic shock-like syndrome. A retrospective 
population-based study. JAMA. 1993;269:384–9.  
https://doi.org/10.1001/jama.1993.03500030082037

  8.	 O’Loughlin RE, Roberson A, Cieslak PR, Lynfield R,  
Gershman K, Craig A, et al.; Active Bacterial Core  
Surveillance Team. The epidemiology of invasive group A 
streptococcal infection and potential vaccine implications: 
United States, 2000–2004. Clin Infect Dis. 2007;45:853–62. 
https://doi.org/10.1086/521264

  9.	 Stockmann C, Ampofo K, Hersh AL, Blaschke AJ,  
Kendall BA, Korgenski K, et al. Evolving epidemiologic  
characteristics of invasive group a streptococcal disease in 
Utah, 2002–2010. Clin Infect Dis. 2012;55:479–87.  
https://doi.org/10.1093/cid/cis422

10.	 Centers for Disease Control and Prevention. Active Bacterial 
Core Surveillance report, Emerging Infections Program  
Network, group A Streptococcus, 2014 [cited 2018 May 9]. 
http://www.cdc.gov/abcs/reports-findings/survreports/
gas14.pdf

11.	 Centers for Disease Control and Prevention. Active Bacterial 
Core Surveillance report, Emerging Infections Program  
Network, group A Streptococcus, 2016 [cited 2019 Feb 22]. 
http://www.cdc.gov/abcs/reports-findings/survreports/
gas16.pdf

12.	 Benjamin EM, Gershman M, Goldberg BW. Community-
acquired invasive group A beta-hemolytic streptococcal 
infections in Zuni Indians. Arch Intern Med. 1992;152:1881–4. 
https://doi.org/10.1001/archinte.1992.00400210103017

13.	 Infectious Disease Epidemiology 2008–2013 Report: Office 
of Infectious Disease Services, Bureau of Epidemiology and 
Disease Control, Arizona Department of Health Services 
[cited 2018 Jun 22]. http://www.azdhs.gov/documents/
preparedness/epidemiology-disease-control/disease-data-
statistics-reports/annual-reports-archive/infectious-disease-
epidemiology-report-2008-2013.pdf

14.	 Harris AM, Yazzie D, Antone-Nez R, Dinè-Chacon G,  
Kinlacheeny JB, Foley D, et al. Community-acquired invasive 
GAS disease among Native Americans, Arizona, USA,  
winter 2013. Emerg Infect Dis. 2015;21:177–9. https://doi.org/ 
10.3201/eid2101.141148

15.	 Engelthaler DM, Valentine M, Bowers J, Pistole J, Driebe EM, 
Terriquez J, et al. Hypervirulent emm59 clone in invasive 
group A Streptococcus outbreak, southwestern United States. 
Emerg Infect Dis. 2016;22:734–8. https://doi.org/10.3201/
eid2204.151582

16.	 Athey TB, Teatero S, Sieswerda LE, Gubbay JB,  
Marchand-Austin A, Li A, et al. High incidence of  
invasive group A Streptococcus disease caused by strains of 
uncommon emm types in Thunder Bay, Ontario, Canada. 
J Clin Microbiol. 2016;54:83–92. https://doi.org/10.1128/
JCM.02201-15

17.	 Bocking N, Matsumoto CL, Loewen K, Teatero S,  
Marchand-Austin A, Gordon J, et al. High incidence of  
invasive group A streptococcal infections in remote  
indigenous communities in northwestern Ontario,  
Canada. Open Forum Infect Dis. 2016;4:ofw243.  
https://doi.org/10.1093/ofid/ofw243

18.	 Ralph AP, Carapetis JR. Group A streptococcal diseases and 
their global burden. In: Chhatwal GS, editor. Host-pathogen 
interactions in streptococcal diseases. Berlin: Springer; 2013. 
p. 1–27.

19.	 Carapetis JR, Walker AM, Hibble M, Sriprakash KS,  
Currie BJ. Clinical and epidemiological features of group A 
streptococcal bacteraemia in a region with hyperendemic  
superficial streptococcal infection. Epidemiol Infect. 
1999;122:59–65. https://doi.org/10.1017/S0950268898001952

20.	 Safar A, Lennon D, Stewart J, Trenholme A, Drinkovic D, 
Peat B, et al. Invasive group A streptococcal infection and 
vaccine implications, Auckland, New Zealand. Emerg Infect 
Dis. 2011;17:983–9. https://doi.org/10.3201/eid/1706.100804

21.	 Efstratiou A, Lamagni T. Epidemiology of Streptococcus  
pyogenes. In: Ferretti JJ, Stevens DL, Fischetti VA, editors. 
Streptococcus pyogenes: basic biology to clinical manifestations. 
Oklahoma City (OK): University of Oklahoma Health Sciences 
Center; 2016. p. 601–28.

1976	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 9, September 2020



Effects of Invasive GAS on Native Americans

22.	 Andrews RM, Kearns T, Connors C, Parker C, Carville K, 
Currie BJ, et al. A regional initiative to reduce skin infections 
amongst aboriginal children living in remote communities 
of the Northern Territory, Australia. PLoS Negl Trop Dis. 
2009;3:e554. https://doi.org/10.1371/journal.pntd.0000554

23.	 Jackson SJ, Steer AC, Campbell H. Systematic review:  
estimation of global burden of non-suppurative sequelae of  
upper respiratory tract infection: rheumatic fever and post-
streptococcal glomerulonephritis. Trop Med Int Health. 
2011;16:2–11. https://doi.org/10.1111/j.1365-3156.2010.02670.x

24.	 Anthony BF, Kaplan EL, Wannamaker LW, Chapman SS. 
The dynamics of streptococcal infections in a defined  
population of children: serotypes associated with skin and 
respiratory infections. Am J Epidemiol. 1976;104:652–66. 
https://doi.org/10.1093/oxfordjournals.aje.a112344

25.	 Dajani AS, Ferrieri P, Wannamaker L. Endemic superficial 
pyoderma in children. Arch Dermatol. 1973;108:517–22. 
https://doi.org/10.1001/archderm.1973.01620250005001

26.	 Schaffer WL, Galloway JM, Roman MJ, Palmieri V, Liu JE, 
Lee ET, et al. Prevalence and correlates of rheumatic heart 
disease in American Indians (the Strong Heart Study).  
Am J Cardiol. 2003;91:1379–82. https://doi.org/10.1016/ 
S0002-9149(03)00338-2

27.	 Becker TM, Wiggins CL, Key CR, Samet JM. Ethnic  
differences in mortality from acute rheumatic fever and 
chronic rheumatic heart disease in New Mexico, 1958–1982. 
West J Med. 1989;150:46–50.

28.	 Steer AC, Jenney A, Kado J, Good MF, Batzloff M,  
Waqatakirewa L, et al. Prospective surveillance of invasive 
group A streptococcal disease, Fiji, 2005–2007. Emerg  
Infect Dis. 2009;15:216–22. https://doi.org/10.3201/
eid15/2.080558

29.	 National Center for Health Statistics. Health, United States, 
2017: with special feature on mortality [cited 2019 Feb 20]. 
http://www.cdc.gov/nchs/data/hus/hus17.pdf

30.	 Akee R, Jones MR, Porter SR. Adding insult to injury:  
racial disparity in an era of increasing income inequality 
[cited 2019 Feb 10]. http://www.census.gov/library/ 
working-papers/2017/adrm/carra-wp-2017-01.html

31.	 Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, 
Metzler M, et al. Socioeconomic status in health research:  
one size does not fit all. JAMA. 2005;294:2879–88.  
https://doi.org/10.1001/jama.294.22.2879

32.	 Archibald L. Decolonization and healing: indigenous  
experiences in the United States, New Zealand, Australia, 
and Greenland: Aboriginal Healing Foundation; 2006  
[cited 2019 Feb 10]. https://www.cwis.org/document/
decolonization-and-healing-indigenous-experiences-in-the-
united-states-new-zealand-australia-and-greenland/

33.	 Rogers S, Commons R, Danchin MH, Selvaraj G, Kelpie L, 
Curtis N, et al. Strain prevalence, rather than innate virulence 
potential, is the major factor responsible for an increase 
in serious group A Streptococcus infections. J Infect Dis. 
2007;195:1625–33. https://doi.org/10.1086/513875

34.	 Turner CE, Abbott J, Lamagni T, Holden MT, David S,  
Jones MD, et al. Emergence of a new highly successful  
acapsular group A Streptococcus clade of genotype emm89  
in the United Kingdom. MBio. 2015;6:e00622.  
https://doi.org/10.1128/mBio.00622-15

35.	 Lamagni TL, Neal S, Keshishian C, Alhaddad N, George R, 
Duckworth G, et al. Severe Streptococcus pyogenes infections, 
United Kingdom, 2003–2004. Emerg Infect Dis. 2008;14:202–9. 
https://doi.org/10.3201/eid1402.070888

36.	 Afshar B, Turner CE, Lamagni TL, Smith KC, Al-Shahib A, 
Underwood A, et al. Enhanced nasopharyngeal infection and 
shedding associated with an epidemic lineage of emm3 group 

A Streptococcus. Virulence. 2017;8:1390–400. https://doi.org/
10.1080/21505594.2017.1325070

37.	 Tyrrell GJ, Lovgren M, St Jean T, Hoang L, Patrick DM, 
Horsman G, et al. Epidemic of group A Streptococcus M/
emm59 causing invasive disease in Canada. Clin Infect Dis. 
2010;51:1290–7. https://doi.org/10.1086/657068

38.	 Fittipaldi N, Olsen RJ, Beres SB, Van Beneden C, Musser JM. 
Genomic analysis of emm59 group A Streptococcus invasive 
strains, United States. Emerg Infect Dis. 2012;18:650–2. 
https://doi.org/10.3201/eid1804.111803

39.	 Brown CC, Olsen RJ, Fittipaldi N, Morman ML, Fort PL, 
Neuwirth R, et al. Spread of virulent group A Streptococcus 
type emm59 from Montana to Wyoming, USA. Emerg Infect 
Dis. 2014;20:679–81. https://doi.org/10.3201/eid2004.130564

40.	 Olsen RJ, Fittipaldi N, Kachroo P, Sanson MA, Long SW, 
Como-Sabetti KJ, et al. Clinical laboratory response to a  
mock outbreak of invasive bacterial infections: a  
preparedness study. J Clin Microbiol. 2014;52:4210–6. 
https://doi.org/10.1128/JCM.02164-14

41.	 Health, United States, 2016: with chartbook on long-term 
trend in health. Hyattsville, MD: National Center for Health 
Statistics; 2017 [cited 2019 Feb 10]. http://www.cdc.gov/
nchs/data/hus/hus16.pdf

42.	 Statistics Canada. Table 105–0513: Health indicator profile, by 
aboriginal identity and sex, age-standardized rate, four year 
estimates, Canada, provinces and territories, occasional (rate), 
CANSIM (database) [cited 2019 Feb 20]. https://www150.
statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310009901

43.	 Cheek JE, Holman RC, Redd JT, Haberling D, Hennessy TW.  
Infectious disease mortality among American Indians and 
Alaska Natives, 1999–2009. Am J Public Health. 2014;104 
(Suppl 3):S446–52. https://doi.org/ 10.2105/AJPH.2013.301721

44.	 Mulligan CJ, Hunley K, Cole S, Long JC. Population  
genetics, history, and health patterns in Native Americans. 
Annu Rev Genomics Hum Genet. 2004;5:295–315.  
https://doi.org/10.1146/annurev.genom.5.061903.175920

45.	 Best LG, Azure C, Segarra A, Enright KJ, Hamley S, Jerome D, 
et al. Genetic variants and risk of asthma in an American  
Indian population. Ann Allergy Asthma Immunol. 
2017;119:31–36.e1. https://doi.org/10.1016/j.anai.2017.05.015  

46.	 Yracheta JM, Lanaspa MA, Le MT, Abdelmalak MF,  
Alfonso J, Sánchez-Lozada LG, et al. Diabetes and kidney 
disease in American Indians: potential role of sugar  
sweetened beverages. Mayo Clin Proc. 2015;90:813–23. 
https://doi.org/ 10.1016/j.mayocp.2015.03.018

47.	 Scally SW, Law SC, Ting YT, Heemst JV, Sokolove J,  
Deutsch AJ, et al. Molecular basis for increased susceptibility 
of indigenous North Americans to seropositive rheumatoid 
arthritis. Ann Rheum Dis. 2017;76:1915–23. https://doi.org/ 
10.1136/annrheumdis-2017-211300

48.	 Nei M, Maruyama T, Chakraborty R. The bottleneck effect 
and genetic variability in populations. Evolution. 1975; 
29:1–10. https://doi.org/10.1111/j.1558-5646.1975.tb00807.x

49.	 Weatherholtz R, Millar EV, Moulton LH, Reid R, Rudolph K, 
Santosham M, et al. Invasive pneumococcal disease a decade 
after pneumococcal conjugate vaccine use in an American 
Indian population at high risk for disease. Clin Infect Dis. 
2010;50:1238–46. https://doi.org/10.1086/651680

50.	 Furman D, Davis MM. New approaches to understanding 
the immune response to vaccination and infection. Vaccine. 
2015;33:5271–81. https://doi.org/10.1016/j.vaccine.2015.06.117

Address for correspondence Ryan M. Close, Indian Health Service 
Hospital, PO 860, 200 W Hospital Dr, Whiteriver, AZ 85941, USA; 
email: Ryan.M.Close@gmail.com

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 9, September 2020	 1977


