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• Compare and contrast current practice guidelines 
recommendations for the diagnosis and treatment pharyngitis

• Understand the limitations of standard diagnostic methods 
approaches

• Discuss the pros and cons of molecular-based approaches for 
the diagnosis of pharyngitis

Objectives
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Renner et al. Inflamm. Res. 2012. 61:1041–1052

• Physico-chemical 
factors (e.g. smoking)

• Environmental factors 
(e.g. air pollution)

Causes of pharyngitis (AKA sore throat)
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Pharyngitis = inflammation of 
the pharynx

Images: https://www.wikidoc.org/index.php/Pharyngitis_physical_examination

Viral pharyngitis
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Pharyngitis = inflammation of 
the pharynx
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Viral pharyngitis

Streptococcal 
pharyngitis
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The majority of 
pharyngitis is viral

Cause
Proportion of 
Pharyngitis Cases

Viruses 50 - 80%

Bacteria 5 - 36%

Fungi Extremely rare (<1%)

• Alternative estimates of viral pharyngitis 
prevalence = 25-45%

• Rhinovirus, coronavirues, adenovirus account 
for at least 30% of pharyngitis cases

Shulman ST et al. Clin. Inf. Dis. 2012. 55(10): e86-102
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Impact of pharyngitis on healthcare

• Accounts for approx. 1–2% of all US outpatient visits
• 15 million visits in 2006

Image: https://www.patientfirst.com/services/illnesses/strep-throat

Fleming-Dutra KE et al. JAMA. 2016. 315:1864-1863
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Impact of pharyngitis on healthcare

• Accounts for approx. 1–2% of all US outpatient visits
• 15 million visits in 2006

• 2.8 million antibiotic prescriptions 
• #1 diagnosis linked to antibiotic use in school-aged 

children!

• approx. 50% of antibiotic prescriptions for respiratory 
conditions (e.g. pharyngitis) are likely unnecessary

• Estimated total annual cost in US of $224-$539 
million

• Approximately 616 million cases of Group A 
Streptococcus pharyngitis occur annually worldwide

• Group A Streptococcus accounts for 5.2 million 
annual outpatient visits in US 
• >1.1 million ED visits 

Image: https://www.patientfirst.com/services/illnesses/strep-throat

Fleming-Dutra KE et al. JAMA. 2016. 315:1864-1863
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Image: Giant Microbes
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• Non-invasive Disease

opharyngitis

oscarlet fever

o impetigo

onon-necrotizing skin &                                     
soft tissue infection

• Invasive Disease

ocellulitis

onecrotizing soft tissue infection

–necrotizing fasciitis

obacteremia; endocarditis

otoxic shock syndrome (TSS)

obone & joint infection

opneumonia; empyema

Streptococcus pyogenes (Group A Strep)

Image: CDC

Image: NHS UK

Image: J of Young Investigators

Image: BMC Pul Med
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onecrotizing soft tissue infection

–necrotizing fasciitis

obacteremia; endocarditis

otoxic shock syndrome (TSS)

obone & joint infection

opneumonia; empyema

Streptococcus pyogenes (Group A Strep)

Group A Streptococcus is believed 
to be the fifth most lethal 
pathogen in the world!
• Over 517,000 people die from 

severe GAS infection annually

Image: CDC

Image: NHS UK

Image: J of Young Investigators

Image: BMC Pul Med
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Group A Streptococcus (GAS) Pharyngitis

• More common in children than adults

Images: Microbe Canvas
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Group A Streptococcus (GAS) Pharyngitis

• More common in children than adults

• GAS responsible for acute pharyngitis in:
• 15-30% of children

• 10-15% of adults

Images: Microbe Canvas
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Group A Streptococcus (GAS) Pharyngitis

• More common in children than adults

• GAS responsible for acute pharyngitis in:
• 15-30% of children

• 10-15% of adults

• Though infection is generally self-limiting for many 
patients, complications can occur, particularly in children 
aged 3-15 yo 
• Suppurative

• abscess, mastoiditis, cervical lymphadenitis, otitis media, 
sinusitis, meningitis, bacteremia

• Non-suppurative i.e. immune-mediated

• acute rheumatic fever

• post-streptococcal glomerulonephritis
Images: Microbe Canvas
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Acute rheumatic fever (ARF)

• Typically occurs 2-3 weeks after GAS 
pharyngitis

Risk is 100-200x lower in industrialized counties vs. 
developing countries

Global average incidence is approximately 
19 per 100,000 people annually, with 
around 470,000 new ARF cases yearly. The 
disease burden is aligned with 
socioeconomic disparities and healthcare 
access across regions
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• 70-75% of patients have fever, joint 
manifestations & carditis
• can also have chorea (CNS), erythema 

marginatum & subcutaneous nodules

• Permanent damage to heart valves
• usually pancarditis and/or valvulitis
• pancarditis = inflammation of 

pericardium, myocardium & endocardium 

• 2-3% of untreated GAS cases will 
develop ARF vs. <0.3% if treated

Risk is 100-200x lower in industrialized counties vs. 
developing countries

Global average incidence is approximately 
19 per 100,000 people annually, with 
around 470,000 new ARF cases yearly. The 
disease burden is aligned with 
socioeconomic disparities and healthcare 
access across regions
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Global differences in ARF incidence

WHO Region Estimated Incidence 
Rate (per 100,000)

Notes

African Region (AFR) 10–30+
Highest incidence globally; limited 
healthcare access and surveillance gaps

Region of the Americas (AMR) <1–2
Low incidence overall; some outbreaks in 
Indigenous communities

South-East Asia Region (SEAR) 10–20
High burden in countries like India, Nepal, 
Indonesia

European Region (EUR) <1
Low incidence; sporadic outbreaks mainly 
in Eastern and Southeastern Europe

Eastern Mediterranean Region 
(EMR)

10–20
Moderate to high incidence; endemic in 
some Middle Eastern and North African 
countries

Western Pacific Region (WPR) 1–10
Variable incidence; low in high-income 
countries, higher in rural/Indigenous 
populations

Source: perplexity.ai
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Post-streptococcal 

glomerulonephritis (PSGN)

• Highest risk for development = 5-12yo &  
>60 yo
• occurs 1-3 weeks after pharyngitis, 3-6 weeks 

after skin infection

Image: National Kidney Foundation
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• Highest risk for development = 5-12yo &  
>60 yo
• occurs 1-3 weeks after pharyngitis, 3-6 weeks 

after skin infection

• Autoimmune response to nephritogenic 
streptococcal antigens results in glomerular 
inflammation & injury
• immune complex formation & activation of 

alternate complement pathway 
• GAS proteins implicated: nephritis-associated 

plasmin receptor (NAPlr) & streptococcal 
pyrogenic exotoxin B (SPE B)

• Most common cause of nephritis in children 
worldwide
• primarily limited to resource-limited countries

• Most patients have edema & hypertension; 
30-50% of patients also have hematuria

• During GAS epidemics, can occur in 5-10% 
of pharyngitis cases & 25% of skin infections
• <2% incidence for sporadic GAS cases 

• Rarely, can be caused by Group C & G 
streptococciImage: National Kidney Foundation



34 © 2025 Cardinal Health. All Rights Reserved.  

The colonization conundrum…
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months
• ages 3-12 yo
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The colonization conundrum…
• Two-year longitudinal study with 422 

children in US sampled every 3 
months
• ages 3-12 yo

• Prevalence of GAS pharyngeal carriage 
was 12% -20% across each individual 
quarterly visit
• peaks in Winter & Spring

• Due to high colonization rates (& low 
risk for developing ARF), do not test 
kids <3 yo unless certain risk factors 
present 
• eg sibling with GAS infection 

• 25% of asymptomatic household 
contacts of children with streptococcal 
pharyngitis have throat cultures 
positive for S. pyogenes

• Adults: only ≤2% colonization & 
without seasonal variation

Frenck RW et al. Pediatr Infect Dis J. 2023. 42:1045–1050



39 © 2025 Cardinal Health. All Rights Reserved.  

What about outside the US?

Oliver J. PLOS Negl Trop Dis. 2018. 12(3):e0006335

• GAS pharyngitis is more 
prevalent in high income 
countries vs. low/middle-
income countries (24.3% vs. 
17.6%)
• presence of serologically 

confirmed GAS 
pharyngitis = 10.3% in 
high-income countries

OCED – Organization for Economic 
Cooperation & Development
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What about outside the US?

Oliver J. PLOS Negl Trop Dis. 2018. 12(3):e0006335

• GAS pharyngitis is more 
prevalent in high income 
countries vs. low/middle-
income countries (24.3% vs. 
17.6%)
• presence of serologically 

confirmed GAS 
pharyngitis = 10.3% in 
high-income countries

• Asymptomatic carriage = 
10.5% in high income 
countries vs. 5.9% in 
low/middle income countries

• In high income countries, 
only 1 in 10 kids with 
pharyngitis symptoms are 
likely to have serologically-
confirmed infection

OCED – Organization for Economic 
Cooperation & Development
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Colonization is not just limited to GAS…

Agerhall M et al. APMIS. 2021. 129(12):711-716

SDSE = Streptococcus 
dysgalactiae subsp. equisimilis 
(i.e. Group C/G Strep)

• estimated 3% colonization 
rate for children in multiple 
studies
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Putting it all together…

• Detection of GAS in adults is more likely to be associated with a sore throat than when detected in 
children

• Though Group C & G streptococci can cause pharyngitis, guidelines do not currently recommend 
testing for these bacteria unless specifically indicated (e.g. school-based outbreak)

Gunnarsson RK et al. Inf. Dis. 2023. 55(6): 384–395
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TEST? TREAT?
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TEST? TREAT? NEITHER?
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The case for treatment beyond just preventing ARF…

Spinks A et al. Cochrane Database of Systematic Reviews. 2021. Issue 12. Art. No.: CD000023

Data are from 
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The case against treating everyone with pharyngitis with 
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• Antibiotics are not benign 
substances!
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The case against treating everyone with pharyngitis with 

antibiotics…

• Antibiotics are not benign 
substances!

• Of the 20,345 patients 
evaluated, 4039 patients (19.9%) 
experienced an adverse drug 
event

• Each day of antibiotic therapy 
was associated with a 4% 
increased odds of experiencing 
an adverse event 
• OR 1.04 (95% CI 1.02e1.07)
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The changing landscape of antimicrobial 
susceptibility in GAS

• GAS are still universally susceptible to 
penicillin/ampicillin

Thacharodi et al. iScience. 2024. 28(1):111677
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The changing landscape of antimicrobial 
susceptibility in GAS

• GAS are still universally susceptible to 
penicillin/ampicillin

• BUT increased MIC’s to penicillin have been 
observed for GAS (& Group C/G Strep)
• rare GAS strains with a chimeric penicillin-

binding protein 2X (PBP2X) 

• believed to be recombinant segment from 
Group C/G streptococci

• these strains have increased penicillin MICs 
(though still susceptible)

• Increased rates of resistance to non-β-
lactam antibiotics

Thacharodi et al. iScience. 2024. 28(1):111677
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THERE IS NO TEST THAT DISTINGUISHES 
COLONIZATION FROM INFECTION

Holley A. Prim Care Clin Office Pract. 2025. 52. 99–109
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“First part of an update to the clinical practice guideline on the 
diagnosis and management of… GAS pharyngitis, developed 
by the Infectious Diseases Society of America (IDSA)”

*Endorsed by ASM + SIDP*



65 © 2025 Cardinal Health. All Rights Reserved.  

Clinical scoring has lower sensitivity but higher 

specificity for GAS in adults vs. children

Wessels MR et al. Clinical Practice. 2025 



66 © 2025 Cardinal Health. All Rights Reserved.  

Clinical scoring has lower sensitivity but higher 

specificity for GAS in adults vs. children

Wessels MR et al. Clinical Practice. 2025 



67 © 2025 Cardinal Health. All Rights Reserved.  

Clinical scoring has lower sensitivity but higher 

specificity for GAS in adults vs. children

Wessels MR et al. Clinical Practice. 2025 



68 © 2025 Cardinal Health. All Rights Reserved.  
Wessels MR et al. Clinical Practice. 2025 

Clinical scoring for predicting GAS Pharyngitis



69 © 2025 Cardinal Health. All Rights Reserved.  
Wessels MR et al. Clinical Practice. 2025 

Clinical scoring for predicting GAS Pharyngitis



70 © 2025 Cardinal Health. All Rights Reserved.  
Wessels MR et al. Clinical Practice. 2025 

Clinical scoring for predicting GAS Pharyngitis

Score Action

0-1 No testing or antibiotics

2-3 Perform testing for GAS

≥4 Acceptable to empirically treat; 
can consider testing



71 © 2025 Cardinal Health. All Rights Reserved.  

Putting it all together: What do clinical practice 
guidelines say?
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Summarizes 36 
guidelines from 26 

countries!

• Varying global practices re: testing vs. treatment
• e.g. China & much of Africa: treat based on clinical signs and symptoms only – no testing

• International variation on performing RADT with Centor scores ≥2 vs. ≥3

• N. America & European guidelines recommend triage for RADT testing based on clinical scoring (except: 
Netherlands, UK, Mexico)

RADT = Rapid Antigen 
Detection Tests
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Summarizes 36 
guidelines from 26 

countries!

• Varying global practices re: testing vs. treatment
• e.g. China & much of Africa: treat based on clinical signs and symptoms only – no testing

• International variation on performing RADT with Centor scores ≥2 vs. ≥3

• N. America & European guidelines recommend triage for RADT testing based on clinical scoring (except: 
Netherlands, UK, Mexico)

RADT = Rapid Antigen 
Detection Tests

No back-up 
culture in ADULTS
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How to test?
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• Swab between tonsillar pillars and behind uvula, 
avoiding contact with tongue & buccal mucosa

• For antigen testing, one swab missed 9-12% of true 
positive (TP) cases due to suboptimal collection 
technique and/or operator error during lab testing1

• Challenge with Group A Streptococcus colonization!

Pre-analytical variables

Image: iri.com

Boyanton BL Jr et al. J. Inf. Dis. 2024. 230(S3):S182–91Patel AB et al. Clin. Microbiol. Inf. 2021. 27: 1718-1720
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Rapid Antigen Direct Tests (RADTs)

Image: Abdington Health
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• Looked at both enzyme 
immunoassays (EIA) and 
optical immunoassays (OIA) for 
GAS in children

• Reference standard = throat 
culture with sheep blood agar 
plate

Cochrane Database of Systematic Reviews 2016, Issue 7. Art. No.: CD010502
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The ‘nitty-gritty’ on RADTs for GAS pharyngitis

• Target antigen = Lancefield group A carbohydrate for majority of assays

• FAST! <15 mins

• Sensitivity can range from 50-90%, depending on study

• False-positive results reported in approx. 5% of children and up to 15% of adults with 
acute pharyngitis

• Use of RADTs led to 41% reduction in antibiotics prescriptions based on 5 RCTs 
(randomized control trials)

Cochrane Database of Systematic Reviews 2016, Issue 7. Art. No.: CD010502
Johnson DR et al. J Inf. Dis. 2001. 183:1135-2237

Mägdefrau AS et al. OFID. 2025. 12(7):ofaf407
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‘One & Done’? Not so fast…

• IDSA guidelines only require reflexive culture on RADT-negative specimens for 
pediatric patients

• Some international clinical guidelines do not require back-up (i.e. reflex) culture with 
negative RADT results on any patients (pediatric or adult)
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‘One & Done’? Not so fast…

• IDSA guidelines only require reflexive culture on RADT-negative specimens for 
pediatric patients

• Some international clinical guidelines do not require back-up (i.e. reflex) culture with 
negative RADT results on any patients (pediatric or adult)

• This is not a pediatric vs. 
adult issue – it is a 
manufacturer labelling issue!

• Laboratories (& clinics) must 
follow the manufacturers’ 
instructions

• If negative result is 
considered “presumptive”, 
requires validation to 
perform without back-up 
culture
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Image: img flp, meme generator
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Used 2 different 
RADT overall 
sensitivity = 

76.3%

Study period = 11 years
Study population = >12 yo
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• RADT sensitivity did not correlate with 
either disease severity (as assessed by 
modified Centor score) or bacterial 
burden

• Modified Centor score did not correlate 
with with bacterial burden

• 55% of patients with negative RADT & 
positive culture had Centor scores ≥2
• per IDSA guidelines would not 

necessarily be cultured

• 72% of patients that were RADT-
negative, culture-positive had ≥2+ 
organism growth
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• RADT sensitivity did not correlate with 
either disease severity (as assessed by 
modified Centor score) or bacterial 
burden

• Modified Centor score did not correlate 
with with bacterial burden

• 55% of patients with negative RADT & 
positive culture had Centor scores ≥2
• per IDSA guidelines would not 

necessarily be cultured

• 72% of patients that were RADT-
negative, culture-positive had ≥2+ 
organism growth

Risk vs. benefit of treating these 
patients???
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Throat Culture

Image: https://bio.libretexts.org/
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Culture

• Considered the ‘gold standard’ for the diagnosis of GAS pharyngitis
• pooled sensitivity ranges 90–95%, pooled specificity ranges 95–99%                                                        

with ROC AUC 0.92 to 0.97.

• BUT test sensitivity impacted by:
• duration of incubation

• culture medium used

• method of agar inoculation (agar stabs)

• incubation atmosphere

• number of plates inoculated

• Group A Strep throat culture vs. comprehensive throat culture

• Labs should only identify LARGE β-hemolytic colonies only
• Anginosus group streptococci can be positive for Lancefield Groups A, C, F or G

• Takes 24-48 hours to result

Image: Clinical Microbiology Procedures HandbookWolford RW et al. “Pharyngitis”. StatPearls. 2025. 
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Majority of studies on culture optimization are ‘vintage’…

SBA= sheep 
blood agar
ssA = 
streptococcal 
selective agar
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Can we do culture, but better?

• Relying on the detection of β-hemolysis on BAP from throat 
specimen is problematic, even when using a bacitracin disk

• Automation of microbiology culture reading can improve 
detection of microbiological growth and potentially shorten 
incubation times

Van TT et al. J. Clin. Micro. 2019. 57(11): 11 e00811-19

NOTE: Study only looked at 24h incubation time point
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Molecular Diagnostics

Image: ThermoFisher Scientific
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What’s in a name?

Cohen JF et al. J. Ped. Inf. Dis. Soc. 2024. 13(4):250–256
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• In this meta-analysis, NAAT’s had improved sensitivity compared to RADTs but with similar specificities

• Apparent potential differences in analytical test performance between NAAT methods 
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Snap-shot of commercially available GAS NAAT assays in 

the U.S.

Boyanton BL Jr et al. J. Inf. Dis. 2024. 230(S3):S182–9
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• Package inserts for FDA-
cleared NAAT assay report 
similar sensitivities, with 
minor differences in 
specificities

• There are a variable number 
of independently published 
studies evaluating individual 
assay performance or 
comparing performance 
between NAAT assays
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Parker KG et al. J. Appl. Lab. Med. 2019. 4(2): 164-169
Rao A et al. BMC Pediatrics. 2019. 19:24

• NAAT assays 
emerging as new 
“gold standard” for 
the detection of GAS 
in throat swab 
specimens

• Appear to be more 
specific than RADTs 
in some studies, but 
less specific than 
culture in others



108 © 2025 Cardinal Health. All Rights Reserved.  

Improved assay sensitivity due to  lower limit of detection (LoD)

Chandrasekaran A et al. J. Appl. Lab. Med. 2025. 10(04):901–910
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Potential NAAT caveats?

• As with all diagnostics tests, results are 
impacted by specimen quality

• Improved performance over culture has 
potential to lead to increased rates of detection 
of colonized individuals
• ‘right test, right patient, right time’

• Detects both viable & non-viable bacteria 
• NAATs can remain positive for 2-6 weeks post-

infection

• Prevent contamination by proper specimen 
collection & handling

• No such thing as a ‘closed system’! Potential for 
amplicon contamination in the lab

• All molecular assays (even CLIA-waived!) require 
monitoring for reliability and a robust quality 
management program

Taylor A et al. J. Clin. Microbiol. 2021. 59(12):e00978-21
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The importance of looking for environmental 

contamination

Donato LJ et al. J. Clin. Microbiol. 2019. 57(2): e01629-18
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The importance of looking for environmental 

contamination

• Study with two Cobas Liat instruments at two distinct clinical sites testing for GAS 
(i.e. point of case testing, POCT)

• Performed weekly environmental testing at each site (i.e. wipe testing)
• no special cleaning performed prior to collection of the environmental swabs

• Swabbed each Liat instrument & surrounding benchtop using one swab 

• Swab placed in transport media and tested immediately 

• Remaining sample was transported to the clinical lab for testing, performed within 
4h

• Total of 26 environmental swabs (13 swabs from site A, 13 swabs from site B) were 
collected – all swabs were negative with both POCT and lab-based tests

• Wipe-testing is an important part of both lab-based and POCT-based NAAT testing 
program

Donato LJ et al. J. Clin. Microbiol. 2019. 57(2): e01629-18
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The potential promise of NAAT assays for GAS diagnosis

Cohen JF et al. J. Ped. Inf. Dis. Soc. 2024. 13(4):250–256
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Is a more rapid test result just a theoretical benefit?

Rao A et al. BMC Pediatrics. 2019. 19:24
May L et al. OFID. 2022. 9(5):ofac147
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Is a more rapid test result just a theoretical benefit?

• >10,000 eligible patient records 
• 44.1% reduction in abx prescriptions 

with a negative POC PCR test result 
(10.1% PCR vs 18.0% RADT; P < .0001) 

• No impact on prescription rates in 
patients with positive POCT result 
(76.2% PCR vs 76.5% RADT)

• >99% of antibiotics were prescribed 
during the initial primary care 
encounter

Rao A et al. BMC Pediatrics. 2019. 19:24
May L et al. OFID. 2022. 9(5):ofac147
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• Retrospective analysis of MarketScan 
commercial/Medicare databases between 2011-
2015

• 18.8 million acute pharyngitis events were 
identified in 11.6 million patients

• Evaluated patient & provider characteristics for 
patients with: RADT, RADT + culture, other tests, 
NAAT, & no test

• 43% patients diagnosed by RADT, 20% diagnosed 
by RADT + culture

• Proportion of cases diagnosed by NAAT increased 
3.5-fold from 2011 to 2015 (0.06% vs 0. 27%)

• Reduced antibiotic use in patients with RADT + 
culture (31.2%) or NAAT alone (34.5%) vs. RADT 
alone (53.4%) or no test (57.1%)
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Weinzierl EP and Gonzalez MD. Clin. Micro. Newletter. 2020. 42(13): 105-110



130 © 2025 Cardinal Health. All Rights Reserved.  
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• Higher test/reagent cost compared with RADT and culture
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• BUT savings on clinical laboratory scientist (CLS) time for NAAT
• one estimate showed a 6-minute time savings on CLS time per test vs. RADT + culture

• Concerns over test reimbursement compared with RADT + culture
• e.g. 2019 Georgia Medicaid reimbursement for GAS NAAT = $24.67, vs $23.41 for RADT + 

culture

• Costs weighed against difficulty in reaching patients for prescriptions & associated 
staffing costs
• almost 10% of patients could not be reached for abx prescription despite multiple calls from 

clinic staff 

• 2012 IDSA guidelines are from before increased adoption of NAAT for GAS – practice 
guideline recommendations have the potential to change payor reimbursement rates
• guideline update is in progress

Weinzierl EP and Gonzalez MD. Clin. Micro. Newletter. 2020. 42(13): 105-110
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• There is an inherent ‘push & pull’ between limiting unnecessary antibiotic 
prescriptions (and their associated adverse events) vs. the social and economic 
argument to reduce length of illness in patients

• Though not universally recommended globally, testing for GAS in patients without 
overt viral illness remains an important component of antibiotic stewardship in 
reducing unnecessary antibiotic prescriptions

• Despite their higher cost, NAAT assays for GAS pharyngitis have the potential to 
improve antibiotic prescribing habits due to their generally improved test 
performance and reduced turnaround time
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• Group A Streptococcus pharyngitis, though usually self-limiting, can be associated 
with both suppurative and non-suppurative complications

• There is an inherent ‘push & pull’ between limiting unnecessary antibiotic 
prescriptions (and their associated adverse events) vs. the social and economic 
argument to reduce length of illness in patients

• Though not universally recommended globally, testing for GAS in patients without 
overt viral illness remains an important component of antibiotic stewardship in 
reducing unnecessary antibiotic prescriptions

• Despite their higher cost, NAAT assays for GAS pharyngitis have the potential to 
improve antibiotic prescribing habits due to their generally improved test 
performance and reduced turnaround time

• Never forget:  Right test, right patient, right time! ☺
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