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Objectives

• At the conclusion of this activity, learners will be able to:
• Identify the major manifestations of group A Streptococcal infection in 

children
• Plan an appropriate treatment regimen for invasive group A 

Streptococcal infections
• Describe the virulence factors of group A Streptococcal infections 

which lead to critical illness



Group A 
Streptococcus

Non-Invasive

Pharyngitis
Scarlet fever

Impetigo
Erysipelas

Otitis media

Invasive

Bacteremia without 
source

Cellulitis
Necrotizing fasciitis

Streptococcal toxic shock 
syndrome

Pneumonia
Meningitis

Endocarditis
Peritonitis

Osteomyelitis/Septic 
arthritis

Sequelae

Acute rheumatic fever
Rheumatic heart disease
Acute post-Streptococcal 

glomerulonephritis





STREPTOCOCCAL SURVEILLANCE IN 
THE US
CDC uses two surveillance systems to 
track GAS:
�Tracks Streptococcal Toxic Shock Syndrome via 

the National Notifiable Diseases Surveillance 
System (NNDSS)

�CDC collaboration with some state health 
departments and academic institutions to 
conduct GAS surveillance for invasive disease 
(Active Bacterial Core surveillance: ABCs)
� This covers a total population of 45.5 million 

individuals



TRENDS IN INVASIVE GROUP A 
STREPTOCOCCUS

Overall, rates of 
invasive GAS have 
been increasing since 
2014

Preliminary 2023 
data indicate the 
number of serious 
infections caused by 
GAS reached a 20-
year high

https://www.cdc.gov/abcs/bact-facts/data-dashboard.html



YOU MAY REMEMBER…

Barnes, Meghan. "Notes from the field: increase in pediatric invasive group A 
Streptococcus infections—Colorado and Minnesota, October–December 2022." 
MMWR. Morbidity and Mortality Weekly Report 72 (2023).



COLORADO SURGE

Fall of 2022 sharp rise in GAS 
hospitalizations in Colorado

Pneumonia dominated in ICU (15% pre-
pandemic � 24% post-pandemic)

Peak illnesses corresponded with RSV 
and influenza 

Ho, Erin C., et al. "Outbreak of invasive group a streptococcus in children—Colorado, October 2022–April 2023." Journal of the Pediatric 
Infectious Diseases Society 12.10 (2023): 540-548.



INVASIVE GROUP A STREPTOCOCCUS IN 
LOUISIANA, 2018-2023

Source:
Infectious Disease Epidemiology, Louisiana 
Department of Health
Thank you Andrea Salinas, MPH, CIC



WHY IS THIS HAPPENING?
Multifactorial!

One hypothesis behind the jump in invasive GAS 
infections is a change in the dominant strain to a 
more toxigenic strain

Using isolates from the ABC surveillance, found 
an increase in the US of the hypertoxigenic M1UK
strain from 1.7% to 11% - this strain also 
dominated in the described European surges in 
invasive GAS

Immune debt following COVID-19?

GAS taking advantage of surge in respiratory viral 
infections after the COVID-19 lockdown?

Li, Yuan, et al. "Expansion of invasive group A Streptococcus M1UK lineage in active bacterial 
core surveillance, United States, 2019‒2021." Emerging Infectious Diseases 29.10 (2023): 2116.



MECHANISMS OF VIRULENCE –
NUMEROUS!
Cellular and Intracellular:
�Pili – mediate attachment specifically to human 

tonsillar epithelium and human keratinocytes
�Adhesins – allow GAS to hold on tight
�Thick hyaluronic capsule – immune evasion
�M protein – numerous functions, and the way 

we define strains

Extracellular:
�Leukocidins – variety of extracellular toxins 

which mediate immune responses
�Superantigens – “cytokine storm”
�Hemolysins
�Proteases
�NADases
�And so many more…

Mora, Marirosa, et al. "Group A Streptococcus produce pilus-like structures containing protective antigens and 
Lancefield T antigens." Proceedings of the National Academy of Sciences 102.43 (2005): 15641-15646.



INVASIVE GROUP A 
STREPTOCOCCUS 

SYNDROMES



PNEUMONIA

Megged, Orli. "Characteristics of Streptococcus pyogenes versus Streptococcus 
pneumoniae pleural empyema and pneumonia with pleural effusion in children." The 
Pediatric Infectious Disease Journal 39.9 (2020): 799-802.

Ochi, Fumihiro, et al. "Sepsis and pleural empyema caused by streptococcus pyogenes 
after influenza a virus infection." Case reports in pediatrics 2018.1 (2018): 4509847.



NECROTIZING FASCIITIS
Begins as an innocuous lesion with 
pain out of proportion to physical 
exam findings

Rapid progression through fascial 
planes – proteases to damage 
tissue and vasculature – immune 
evasion + immune modulation �
rapid spread and tissue destruction

Infants may have profound 
irritability

Surgical debridement = most 
important

Antibiotic therapy = dual (beta-
lactam/beta-lactamase + 
clindamycin/linezolid) Stevens, Dennis L., and Amy E. Bryant. "Necrotizing soft-tissue infections." New England 

Journal of Medicine 377.23 (2017): 2253-2265.



PAIN OUT OF PROPORTION TO YOUR 
EXAM

Noor, Asif, and Leonard R. Krilov. "Necrotizing fasciitis." (2021): 
573-575.



PAIN OUT OF PROPORTION TO YOUR 
EXAM

Mercadante, Stefania, et al. "The Thousand Faces of Invasive Group A Streptococcal Infections: Update on 
Epidemiology, Symptoms, and Therapy." Children 11.4 (2024): 383.

B,C) Preoperative and intraoperatively findings
of necrotizing fasciitis following varicella infection on the back of a 5-year-old boy; Copyright by Pfeifle VA et al., J.EPSC, 2017 Copyright 2017, owner’s Pfeifle, 
V.A. 

Pfeifle, Viktoria A., et al. "Necrotizing fasciitis in children due to minor lesions." Journal of pediatric surgery case 
reports 25 (2017): 52-55.



STREPTOCOCCAL TOXIC SHOCK 
SYNDROME
GAS + hypotension and evidence of 
multi-organ failure

Can be seen with any infection – but 
usually skin or soft tissue

Pillars of treatment:
�Aggressive management of shock and 

organ failure
�Antibiotic therapy (dual)
�Consider IVIG Committee on Infectious Diseases, and American Academy of Pediatrics. "Red Book: 2024–

2027 Report of the Committee on Infectious Diseases." (2024).



CYTOKINE STORM

Streptococcal “superantigens” – bypass 
the traditional process of immune 
activation, which requires a specific 
antigen presented to a T-cell by MHC-II 
– superantigens can bind non-
specifically, resulting in an over-
amplified T-cell response and “cytokine 
storm”

Barnett, Timothy C., et al. "Streptococcal toxins: role in pathogenesis and disease." Cellular 
microbiology 17.12 (2015): 1721-1741.



FUNCTION OF CLINDAMYCIN AND LINEZOLID IN STSS 
AND NF (NOT NECESSARILY ADDED IN OTHER 
INVASIVE INFECTIONS)
1. Group A Strep is an efficient 
factory producing virulence 
factors exquisitely targeted to 
humans
�We add a ribosomal-targeting drug 

in an effort to shut down that 
factory

2. High bacterial burden may 
initially impede efficacy of 
beta-lactams 
�Adding a secondary agent can 

overcome this initially when 
bacterial burdens are high

Linezolid also functions 
via inhibition of the 50S 
ribosomal subunit



TO IVIG OR NOT TO IVIG?
Good physiologic argument – IVIG can 
dampen cytokine release and neutralize 
superantigens/toxins, and provide 
passive immunity

Difficult to perform robust clinical trials 
due to ethical concerns – many would 
be unwilling to randomize into IVIG 
versus none, given the severity of the 
illness, and it is a relatively rare entity; 
different batches of IVIG may have 
different efficacy!

Majority of observational studies do 
not observe a statistically significant 
difference in outcome with use of IVIG

STSS: Two meta-analyses (Bartoszko 
2022, Parks 2018) showed decreased 
mortality with the use of IVIG:
- Parks 2018: 30-day mortality in those 
given IVIG lower (RR 0.46), overall 
mortality 33.7% versus 15.7%
- Bartoszko 2022: Same studies as Parks, 
and some additional studies – OR 0.34
- Both studies acknowledged that 
certainty of evidence was low

Necrotizing fasciitis: 
- Bruun 2021: Prospective 

observational trial - not receiving IVIG 
was associated with increased 90-day 
mortality (OR 2.98)



TO IVIG? PROBABLY

Bartoszko, Jessica J., et al. "Prognostic factors for streptococcal toxic shock syndrome: systematic review and 
meta-analysis." BMJ open 12.12 (2022): e063023.



HOUSEHOLD PROPHYLAXIS?

2024. "Group A Streptococcal Infections", Red Book: 2024–2027 Report of the Committee on 
Infectious Diseases, Committee on Infectious Diseases, American Academy of Pediatrics, David 
W. Kimberlin, MD, FAAP, Ritu Banerjee, MD, PhD, FAAP, Elizabeth D. Barnett, MD, FAAP, Ruth 
Lynfield, MD, FAAP, Mark H. Sawyer, MD, FAAP



CHALLENGES



RISING RATES OF RESISTANCE

www.cdc.gov/abcs/bact-facts/data-dashboard.html

- Variable 
fluoroquinolone 
resistance
- No documented beta-
lactam resistance 
above clinical 
thresholds
� Mechanism elucidated
� Recent documentation of 

trains with higher MICs 
(lower susceptibility) BUT 
still not considered 
resistant



TAKE HOME POINT

Treatment of Group A Streptococcus should include a Beta-lactam antibiotic

Will GAS ever become penicillin 
resistant? 

Maybe!

Is it now?

NO!



AMOXICILLIN SHORTAGE
https://www.aap.org/en/pages/drug-shortages/



CONCLUSIONS
1. Invasive GAS infections have been on a 

steady rise since 2014, likely secondary to 
a shift to more toxigenic strains (in 
particular emm1 strains)

2. Rapid drop in infections during COVID-19 
lockdowns, with a bump afterwards �
likely a mix of more toxigenic strains + 
some “immune debt” + increased 
susceptibilities with surges in other 
respiratory viruses 

3. Resistance to non-beta-lactam antibiotics 
is dramatically increasing



REFERENCES
Bartoszko, Jessica J., et al. "Prognostic factors for streptococcal toxic shock syndrome: systematic review and meta-analysis." BMJ 
open 12.12 (2022): e063023.

Brouwer, Stephan, et al. "Pathogenesis, epidemiology and control of Group A Streptococcus infection." Nature Reviews 
Microbiology 21.7 (2023): 431-447.

Bruun, Trond, et al. "Risk factors and predictors of mortality in streptococcal necrotizing soft -tissue infections: a multicenter 
prospective study." Clinical Infectious Diseases 72.2 (2021): 293-300.

Gouveia, Catarina, et al. "Sustained increase of paediatric invasive Streptococcus pyogenes infections dominated by M1UK and 
diverse emm12 isolates, Portugal, September 2022 to May 2023." Eurosurveillance 28.36 (2023): 2300427.

Ho, Erin C., et al. "Outbreak of invasive group a streptococcus in children —Colorado, October 2022–April 2023." Journal of the 
Pediatric Infectious Diseases Society 12.10 (2023): 540-548.

Olsen, Randall J., and James M. Musser. "Molecular pathogenesis of necrotizing fasciitis." Annual Review of Pathology: Mechanisms 
of Disease 5.1 (2010): 1-31.

Megged, Orli. "Characteristics of Streptococcus pyogenes versus Streptococcus pneumoniae pleural empyema and pneumonia with 
pleural effusion in children." The Pediatric Infectious Disease Journal 39.9 (2020): 799-802.

Parks, Tom, et al. "Polyspecific intravenous immunoglobulin in clindamycin -treated patients with streptococcal toxic shock 
syndrome: a systematic review and meta-analysis." Clinical Infectious Diseases 67.9 (2018): 1434-1436.

Stevens, Dennis L., and Amy E. Bryant. "Necrotizing soft -tissue infections." New England Journal of Medicine 377.23 (2017): 2253-
2265.


	INVASIVE GROUP A STREPTOCOCCUS INFECTION IN CHILDREN
	Speaker Disclosure
	Objectives
	Slide Number 4
	Slide Number 5
	STREPTOCOCCAL SURVEILLANCE IN THE US
	TRENDS IN INVASIVE GROUP A STREPTOCOCCUS
	YOU MAY REMEMBER…
	COLORADO SURGE
	INVASIVE GROUP A STREPTOCOCCUS IN LOUISIANA, 2018-2023
	WHY IS THIS HAPPENING?
	MECHANISMS OF VIRULENCE – NUMEROUS!
	INVASIVE GROUP A STREPTOCOCCUS SYNDROMES
	PNEUMONIA
	NECROTIZING FASCIITIS
	PAIN OUT OF PROPORTION TO YOUR EXAM
	PAIN OUT OF PROPORTION TO YOUR EXAM
	STREPTOCOCCAL TOXIC SHOCK SYNDROME
	CYTOKINE STORM
	FUNCTION OF CLINDAMYCIN AND LINEZOLID IN STSS AND NF (NOT NECESSARILY ADDED IN OTHER INVASIVE INFECTIONS)
	TO IVIG OR NOT TO IVIG?
	TO IVIG? PROBABLY
	HOUSEHOLD PROPHYLAXIS?
	CHALLENGES
	RISING RATES OF RESISTANCE
	TAKE HOME POINT
	AMOXICILLIN SHORTAGE
	CONCLUSIONS
	REFERENCES

