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ÅCompare and contrast current practice guidelines 
recommendations for the diagnosis and treatment pharyngitis

ÅUnderstand the limitations of standard diagnostic methods 
approaches

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

Objectives



3 © 2025 Cardinal Health. All Rights Reserved.  

ÅAbbott: consulting honoraria

ÅDiasorin: consulting honoraria, research support

ÅbioMérieux: consulting honoraria

ÅShionogi: consulting honoraria

Disclosures



4 © 2025 Cardinal Health. All Rights Reserved.  

Renner et al. Inflamm. Res. 2012. 61:1041ς1052

ÅPhysico-chemical 
factors (e.g. smoking)

ÅEnvironmental 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%)

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

Å 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

ÅAccounts for approx. 1ς2% of all US outpatient visits
Å15 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

ÅAccounts for approx. 1ς2% of all US outpatient visits
Å15 million visits in 2006

Å2.8 million antibiotic prescriptions 
Å#1 diagnosis linked to antibiotic use in school-aged 

children!

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

ÅEstimated total annual cost in US of $224-$539 
million

ÅApproximately 616 million cases of Group A 
Streptococcus pharyngitis occur annually worldwide

ÅGroup A Streptococcus accounts for 5.2 million 
annual outpatient visits in US 
Å>1.1 million ED visits 

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

Fleming-Dutra KE et al. JAMA. 2016. 315:1864-1863



15 © 2025 Cardinal Health. All Rights Reserved.  

Image: Giant Microbes
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ÅNon-invasive Disease

opharyngitis

oscarlet fever

o impetigo

onon-necrotizing skin &                                     
soft tissue infection

ÅInvasive Disease

ocellulitis

onecrotizing soft tissue infection

ïnecrotizing fasciitis

obacteremia; endocarditis

o toxic 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

ïnecrotizing fasciitis

obacteremia; endocarditis

o toxic 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!
Å 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

ÅMore common in children than adults

Images: Microbe Canvas
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Group A Streptococcus (GAS) Pharyngitis

ÅMore common in children than adults

ÅGAS responsible for acute pharyngitis in:
Å15-30% of children

Å10-15% of adults

Images: Microbe Canvas
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Group A Streptococcus (GAS) Pharyngitis

ÅMore common in children than adults

ÅGAS responsible for acute pharyngitis in:
Å15-30% of children

Å10-15% of adults

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

Åabscess, mastoiditis, cervical lymphadenitis, otitis media, 
sinusitis, meningitis, bacteremia

ÅNon-suppurative i.e. immune-mediated

Åacute rheumatic fever

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

ÅTypically 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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marginatum & subcutaneous nodules

ÅPermanent damage to heart valves
Åusually pancarditis and/or valvulitis
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Å2-3% 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 
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Global differences in ARF incidence

WHO Region Estimated Incidence 
Rate (per 100,000)

Notes

African Region (AFR) 10ς30+
Highest incidence globally; limited 
healthcare access and surveillance gaps

Region of the Americas (AMR) <1ς2
Low incidence overall; some outbreaks in 
Indigenous communities

South-East Asia Region (SEAR)10ς20
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)

10ς20
Moderate to high incidence; endemic in 
some Middle Eastern and North African 
countries

Western Pacific Region (WPR) 1ς10
Variable incidence; low in high-income 
countries, higher in rural/Indigenous 
populations

Source: perplexity.ai
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Post-streptococcal 

glomerulonephritis (PSGN)

ÅHighest risk for development = 5-12yo &  
>60 yo
Åoccurs 1-3 weeks after pharyngitis, 3-6 weeks 

after skin infection

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

after skin infection

ÅAutoimmune response to nephritogenic 
streptococcal antigens results in glomerular 
inflammation & injury
Åimmune complex formation & activation of 

alternate complement pathway 
ÅGAS proteins implicated: nephritis-associated 

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

ÅMost common cause of nephritis in children 
worldwide
Åprimarily limited to resource-limited countries

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

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

ÅRarely, can be caused by Group C & G 
streptococciImage: National Kidney Foundation
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¢ƘŜ ŎƻƭƻƴƛȊŀǘƛƻƴ ŎƻƴǳƴŘǊǳƳΧ
ÅTwo-year longitudinal study with 422 

children in US sampled every 3 
months
Åages 3-12 yo

Frenck RW et al. Pediatr Infect Dis J. 2023. 42:1045ς1050
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What about outside the US?

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

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

confirmed GAS 
pharyngitis = 10.3% in 
high-income countries

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

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

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

confirmed GAS 
pharyngitis = 10.3% in 
high-income countries

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

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

OCED ς Organization for Economic 
Cooperation & Development
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/ƻƭƻƴƛȊŀǘƛƻƴ ƛǎ ƴƻǘ Ƨǳǎǘ ƭƛƳƛǘŜŘ ǘƻ D!{Χ

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

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

Åestimated 3% colonization 
rate for children in multiple 
studies
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tǳǘǘƛƴƎ ƛǘ ŀƭƭ ǘƻƎŜǘƘŜǊΧ

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

ÅThough 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): 384ς395
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49 © 2025 Cardinal Health. All Rights Reserved.  
Image: https://medium.com/@kev.flanco/finding-inner-
wisdom-the-place-where-three-roads-meet-f56bcf98f0a1

TEST? TREAT?
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TEST? TREAT? NEITHER?
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¢ƘŜ ŎŀǎŜ ŦƻǊ ǘǊŜŀǘƳŜƴǘ ōŜȅƻƴŘ Ƨǳǎǘ ǇǊŜǾŜƴǘƛƴƎ !wCΧ

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

Data are from 
children AND adults
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The case against treating everyone with pharyngitis with 

ŀƴǘƛōƛƻǘƛŎǎΧ

ÅAntibiotics are not benign 
substances!
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The case against treating everyone with pharyngitis with 

ŀƴǘƛōƛƻǘƛŎǎΧ

ÅAntibiotics are not benign 
substances!

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

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

ÅGAS 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

ÅGAS are still universally susceptible to 
penicillin/ampicillin

Å.¦¢ ƛƴŎǊŜŀǎŜŘ aL/Ωǎ ǘƻ ǇŜƴƛŎƛƭƭƛƴ ƘŀǾŜ ōŜŜƴ 
observed for GAS (& Group C/G Strep)
Årare GAS strains with a chimeric penicillin-

binding protein 2X (PBP2X) 

Åbelieved to be recombinant segment from 
Group C/G streptococci

Åthese strains have increased penicillin MICs 
(though still susceptible)

ÅIncreased rates of resistance to non- -̡
lactam antibiotics

Thacharodi et al. iScience. 2024. 28(1):111677
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Shulman ST et al. Clin. Inf. Dis. 2012. 55(10): e86-102 Holley A. Prim Care Clin Office Pract. 2025. 52. 99ς109



62 © 2025 Cardinal Health. All Rights Reserved.  

Shulman ST et al. Clin. Inf. Dis. 2012. 55(10): e86-102

THERE IS NO TEST THAT DISTINGUISHES 
COLONIZATION FROM INFECTION

Holley A. Prim Care Clin Office Pract. 2025. 52. 99ς109



63 © 2025 Cardinal Health. All Rights Reserved.  

Shulman ST et al. Clin. Inf. Dis. 2012. 55(10): e86-102

THERE IS NO TEST THAT DISTINGUISHES 
COLONIZATION FROM INFECTION

Holley A. Prim Care Clin Office Pract. 2025. 52. 99ς109



64 © 2025 Cardinal Health. All Rights Reserved.  

άFirst part of an update to the clinical practice guideline on the 
ŘƛŀƎƴƻǎƛǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦΧ D!{ ǇƘŀǊȅƴƎƛǘƛǎΣ ŘŜǾŜƭƻǇŜŘ 
ōȅ ǘƘŜ LƴŦŜŎǘƛƻǳǎ 5ƛǎŜŀǎŜǎ {ƻŎƛŜǘȅ ƻŦ !ƳŜǊƛŎŀ όL5{!ύέ

*Endorsed by ASM + SIDP*
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Clinical scoring has lower sensitivity but higher 

specificity for GAS in adults vs. children

Wessels MR et al. Clinical Practice. 2025 
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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

җп Acceptable to empirically treat; 
can consider testing
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Putting it all together: What do clinical practice 
guidelines say?
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Summarizes 36 
guidelines from 26 

countries!

ÅVarying global practices re: testing vs. treatment
Åe.g. China & much of Africa: treat based on clinical signs and symptoms only ς no testing

ÅInternational variation on performing RADT with Centor ǎŎƻǊŜǎ җн ǾǎΦ җо

ÅN. 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!

ÅVarying global practices re: testing vs. treatment
Åe.g. China & much of Africa: treat based on clinical signs and symptoms only ς no testing

ÅInternational variation on performing RADT with Centor ǎŎƻǊŜǎ җн ǾǎΦ җо

ÅN. 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?



76 © 2025 Cardinal Health. All Rights Reserved.  Miller JM et al. Clin. Inf. Dis. 2024:ciae104



77 © 2025 Cardinal Health. All Rights Reserved.  Miller JM et al. Clin. Inf. Dis. 2024:ciae104



78 © 2025 Cardinal Health. All Rights Reserved.  Miller JM et al. Clin. Inf. Dis. 2024:ciae104



79 © 2025 Cardinal Health. All Rights Reserved.  

ÅSwab between tonsillar pillars and behind uvula, 
avoiding contact with tongue & buccal mucosa

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

ÅChallenge with Group A Streptococcus colonization!

Pre-analytical variables

Image: iri.com

Boyanton BL Jr et al. J. Inf. Dis. 2024. 230(S3):S182ς91Patel 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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ÅLooked at both enzyme 
immunoassays (EIA) and 
optical immunoassays (OIA) for 
GAS in children

ÅReference standard = throat 
culture with sheep blood agar 
plate

Cochrane Database of Systematic Reviews 2016, Issue 7. Art. No.: CD010502
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¢ƘŜ Ψƴƛǘǘȅ-ƎǊƛǘǘȅΩ ƻƴ w!5¢ǎ ŦƻǊ D!{ ǇƘŀǊȅƴƎƛǘƛǎ

ÅTarget antigen = Lancefield group A carbohydrate for majority of assays

ÅFAST! <15 mins

ÅSensitivity can range from 50-90%, depending on study

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

ÅUse 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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ΨhƴŜ ϧ 5ƻƴŜΩΚ bƻǘ ǎƻ ŦŀǎǘΧ

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

ÅSome 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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ΨhƴŜ ϧ 5ƻƴŜΩΚ bƻǘ ǎƻ ŦŀǎǘΧ

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

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

Å This is not a pediatric vs. 
adult issue ς it is a 
manufacturer labelling issue!

Å Laboratories (& clinics) must 
Ŧƻƭƭƻǿ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ 
instructions

Å If negative result is 
ŎƻƴǎƛŘŜǊŜŘ άǇǊŜǎǳƳǇǘƛǾŜέΣ 
requires validation to 
perform without back-up 
culture
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Image: img flp, meme generator
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Dingle TC et al. Clin Inf Dis.2014. 59(5):643ς50

Used 2 different 
RADT overall 
sensitivity = 

76.3%

Study period = 11 years
Study population = >12 yo
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Dingle TC et al. Clin Inf Dis.2014. 59(5):643ς50

Å RADT sensitivity did not correlate with 
either disease severity (as assessed by 
modified Centor score) or bacterial 
burden

Å Modified Centor score did not correlate 
with with bacterial burden

Å 55% of patients with negative RADT & 
positive culture had Centor ǎŎƻǊŜǎ җн
Å per IDSA guidelines would not 

necessarily be cultured

Å 72% of patients that were RADT-
negative, culture-ǇƻǎƛǘƛǾŜ ƘŀŘ җнҌ 
organism growth
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Å RADT sensitivity did not correlate with 
either disease severity (as assessed by 
modified Centor score) or bacterial 
burden

Å Modified Centor score did not correlate 
with with bacterial burden

Å 55% of patients with negative RADT & 
positive culture had Centor ǎŎƻǊŜǎ җн
Å per IDSA guidelines would not 

necessarily be cultured

Å 72% of patients that were RADT-
negative, culture-ǇƻǎƛǘƛǾŜ ƘŀŘ җнҌ 
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

Å/ƻƴǎƛŘŜǊŜŘ ǘƘŜ ΨƎƻƭŘ ǎǘŀƴŘŀǊŘΩ ŦƻǊ ǘƘŜ ŘƛŀƎƴƻǎƛǎ ƻŦ D!{ ǇƘŀǊȅƴƎƛǘƛǎ
Åpooled sensitivity ranges 90ς95%, pooled specificity ranges 95ς99%                                                        

with ROC AUC 0.92 to 0.97.

ÅBUT test sensitivity impacted by:
Åduration of incubation

Åculture medium used

Åmethod of agar inoculation (agar stabs)

Åincubation atmosphere

Ånumber of plates inoculated

ÅGroup A Strep throat culture vs. comprehensive throat culture

Å[ŀōǎ ǎƘƻǳƭŘ ƻƴƭȅ ƛŘŜƴǘƛŦȅ [!wD9 ʲ-hemolytic colonies only
ÅAnginosus group streptococci can be positive for Lancefield Groups A, C, F or G

ÅTakes 24-48 hours to result

Image: Clinical Microbiology Procedures Handbook²ƻƭŦƻǊŘ w² Ŝǘ ŀƭΦ άtƘŀǊȅƴƎƛǘƛǎέΦ StatPearls. 2025. 
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aŀƧƻǊƛǘȅ ƻŦ ǎǘǳŘƛŜǎ ƻƴ ŎǳƭǘǳǊŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀǊŜ ΨvintageΩΧ

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

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

ÅAutomation 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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²ƘŀǘΩǎ ƛƴ ŀ ƴŀƳŜΚ

Cohen JF et al. J. Ped. Inf. Dis. Soc. 2024. 13(4):250ς256
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ÅIn this meta-ŀƴŀƭȅǎƛǎΣ b!!¢Ωǎ ƘŀŘ ƛƳǇǊƻǾŜŘ ǎŜƴǎƛǘƛǾƛǘȅ ŎƻƳǇŀǊŜŘ ǘƻ w!5¢ǎ ōǳǘ ǿƛǘƘ ǎƛƳƛƭŀǊ ǎǇŜŎƛŦƛŎƛǘƛŜǎ

ÅApparent potential differences in analytical test performance between NAAT methods 


