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Abstract: Group A Streptococcus is one of the leading causes of otorrhea. 
The performance of rapid antigen tests in 256 children with otorrhea showed 
excellent sensitivity, 97.3% (95% confidence interval: 90.7%–99.7%), and 
specificity, 100% (95% confidence interval: 98.0%–100%). In a period of 
increasing invasive and noninvasive group A Streptococcus infections, an 
early diagnosis could be useful.
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Spontaneous perforation of the tympanic membrane (SPTM) 
accounts for approximately 7% of acute otitis media (AOM) 

cases.1 Several studies have shown that group A Streptococcus 
(GAS), which represents 12% to 17% of cases, is more often 
involved in children ≥3 years old.2–4 Moreover, when GAS is iso-
lated from middle ear fluid (MEF), co-infections and recurrent 
AOM are less frequent than in SPTM due to Haemophilus influen-
zae infection.5,6

To describe the bacteriologic spectrum of AOM with 
SPTM, we conducted an observational study from 2015 to 2018, 
as described elsewhere.5 Because our results showed that GAS 
ranked first in infections in children older than 3 years of age, it 
seemed potentially relevant to perform and evaluate a GAS rapid 
antigen detection test (RADT) on MEF in addition to otorrhea cul-
ture.5 RADTs have been developed for GAS pharyngitis and are 
the cornerstone of management of sore throat in many countries. 
Although this use is off-label, the diagnostic accuracy of GAS 
RADTs in extrapharyngeal infections (perineal infections, blis-
tering dactylitis, pleural fluid) was assessed in several studies and 
seemed comparable to that found for pharyngitis.7–10 However, to 
our knowledge, the performance of RADTs in children with SPTM 
was never evaluated.

The present study aimed to assess the diagnostic accuracy 
of a GAS RADT compared with culture of MEF in children with 
AOM with SPTM.

MATERIALS AND METHODS
From March 2019 to March 2023, children 3 months to 

15 years old with SPTM were prospectively and consecutively 
enrolled by 17 pediatricians throughout France. Detailed study 
methods were previously described. Briefly, after written informed 
consent was obtained, an MEF swab was used for the GAS RADT 
(StreptAtest Exacto Pro, Biosynex, llkirch-Graffenstaden, France), 
an immunochromatographic test provided free of charge by the 
French National Health Service. RADTs were performed accord-
ing to manufacturer instructions, at the point of care, by the cli-
nician in charge, with blinding to reference standard test results. 
A second MEF specimen was obtained with cotton-tipped wire 
swabs, immediately placed in transport medium (Copan Venturi 
Transystem, Brescia, Italy), and transported within 48 hours to one 
of the 2 centralized microbiology laboratories participating in the 
study (Robert Debré Hospital, Paris, France or National Centre 
for Pneumococci at CHI Créteil Hospital, Créteil, France).5 Strep-
tococcus pneumoniae, nontypable H. influenzae (NTHi), Morax-
ella catarrhalis and GAS in culture were considered significant 
as otopathogens.11 Microbiologists assessing culture results were 
blinded to RADT results.
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The diagnostic accuracy of the GAS RADT was evaluated 
by computing sensitivity, specificity and predictive values estimates, 
with bacterial otorrhea culture results as the reference standard. We 
also assessed whether patient clinical characteristics (ie, age, oti-
tis-prone children, unilateral otorrhea, duration of otorrhea before 
sampling) were associated with the presence of GAS in culture. 
Otitis-prone children was defined as children with 3 separate AOM 
infections within a 6 months or 4 AOM infections within a 12-month 
time.12 Categorical variables were compared by χ2 or Fisher exact 
test. We used the Cuzick test for trend from 2019 to 2023.

The study was approved by Saint Germain en Laye Hos-
pital Ethics Committee and registered at ClinicalTrials.gov 
(NCT04807660). Data were entered by using 4D software (v17), 
Le Pecq, France and statistical analyses involved using Stata/SE 
v15 (StataCorp, College Station, TX). All tests were 2-sided, and 
the level of significance was set at P < 0.05. No formal sample 
calculation was performed for this exploratory study; we estimated 
that including about 250 children would provide sufficient preci-
sion. We followed Standards for Reporting of Diagnostic Accuracy 
Studies 2015 for reporting.13

RESULTS
From March 2019 to March 2023, we enrolled and sam-

pled 256 children with acute SPTM (mean age 28.3 ± 23.5 months; 
girls 46.2%). Table (Supplemental Digital Content 1, http://links.
lww.com/INF/F145) presents patient characteristics in the overall 
population and according to age and presence of GAS in MEF. The 
proportion of otitis-prone children was greater before than after 
3 years of age (20.7% vs. 4.5%; P = 0.002). Among the culture 
proven bacterial infections, in the overall population, among the 
positive samples, the first bacterial species implicated in MEF was 
GAS (75/141, 53.2%), followed by NTHi (51/141, 36.2%) and S. 
pneumoniae (30/141, 21.3%). Co-infection of GAS with NTHi 
accounted for 5.0% of cases (7/141). The proportion of GAS infec-
tion significantly increased from 43.8% (14/32) in 2019 to 63.4% 
(16/26) in 2023 (P = 0.04). No clinical variable was associated with 
the presence of GAS.

Table  1 shows the performance of the GAS RADT com-
pared with bacterial culture. RADT sensitivity was 97.3% (95% 
confidence interval [CI]: 90.7%–99.7%) and specificity 100% 
(95% CI: 98.0%–100%). The positive and negative predictive 
values were 100% (95% CI: 95.1%–100%) and 98.9% (95% CI: 
96.1%–99.9%), respectively.

DISCUSSION
To the best of our knowledge, this is the first prospec-

tive study to assess in a large cohort the diagnostic accuracy 
of a GAS RADT in children with SPTM. Among the positive 
samples, GAS was the first bacterial species isolated in the 

overall population (53.2%). The GAS RADT had high sensitiv-
ity (97.3%, 95% CI: 90.7%–99.7%) and specificity (100%, 95% 
CI: 98.0%–100%) compared with bacterial culture as the refer-
ence standard.

In a recent Cochrane review, the sensitivity and specificity 
of a GAS RADT in children with sore throat was 85.6% (95% CI: 
83.3%–87.6%) and 95.4% (95% CI: 94.5%–96.2%).14 The excel-
lent performance of a GAS RADT in SPTM is probably due to 
the ease of otorrhea sampling, which does not require the child’s 
cooperation compared with throat sampling in children with phar-
yngitis. Furthermore, otorrhea sampling is not painful. Unlike in 
the throat, in the external auditory canal, GAS is not a common 
host, and the positivity of a RADT or culture allows for affirming 
the responsibility of GAS in the otorrhea episode.

Although other pathogens involved in otorrhea (NTHi, S. 
pneumoniae, M. catarrhalis) are often resistant or intermediately 
resistant to amoxicillin, the vast majority of Streptococcus pyo-
genes strains remain susceptible to penicillin with very low mini-
mum inhibitory concentrations. Confirming the presence of GAS 
at the point of care allows for prescribing narrow-spectrum anti-
biotics, such as amoxicillin, with low impact in terms of selective 
pressure, and possibly at lower doses.15 However, GAS strains with 
reduced susceptibility to ß-lactams have been reported and justified 
surveillance and vigilance.16 Of note, we did not identify any clini-
cal parameter significantly associated with the presence of GAS 
in MEF culture. Furthermore, the frequency of GAS in otorrhea 
increased after the relaxation of nonpharmaceutical interventions 
introduced to mitigate the COVID-19 pandemic.

In the current context of rising rates of invasive and nonin-
vasive GAS infections, an early diagnosis of GAS is of paramount 
clinical importance. Our findings, which support the off-label use 
of a RADT, may play a crucial role in accurately detecting GAS in 
extrapharyngeal sites.17

ACKNOWLEDGMENTS
The authors are grateful to the investigators of the Otor-

rhea study Network: Drs. André JM, Batard C, Bourdet-Seror E, 
Corrard F, Cohen R, D’Acremont G, Debert P, Desfives I, Derks 
V, Elbez A, Guiheneuf C, Kampf-Maupu F, Michot AS, Romain O, 
Romain C, Sellam A, Somerville D, Werner A and Wollner A. The 
authors are also grateful to the Association Clinique et Thérapeu-
tique Infantile du Val de Marne (ACTIV) team: Sobral E, Vivien, 
Lorin, E. M., Ramay I, Prieur A, Servera M, Daumerie P and 
Chalte J.

REFERENCES
	 1.	 Liese JG, Silfverdal SA, Giaquinto C, et al. Incidence and clinical presenta-

tion of acute otitis media in children aged <6 years in European medical 
practices. Epidemiol Infect. 2014;142:1778–1788.

	 2.	 Imohl M, Perniciaro S, Busse A, et al. Bacterial spectrum of spontane-
ously ruptured otitis media in a 7-year, longitudinal, multicenter, epi-
demiological cross-sectional study in Germany. Front Med (Lausanne). 
2021;8:675225.

	 3.	 Segal N, Givon-Lavi N, Leibovitz E, et al. Acute otitis media caused by 
Streptococcus pyogenes in children. Clin Infect Dis. 2005;41:35–41.

	 4.	 Stamboulidis K, Chatzaki D, Poulakou G, et al. The impact of the heptava-
lent pneumococcal conjugate vaccine on the epidemiology of acute otitis 
media complicated by otorrhea. Pediatr Infect Dis J. 2011;30:551–555.

	 5.	 Levy C, Varon E, Ouldali N, et al. Bacterial causes of otitis media with 
spontaneous perforation of the tympanic membrane in the era of 13 valent 
pneumococcal conjugate vaccine. PLoS One. 2019;14:e0211712.

	 6.	 Shulman ST, Tanz RR. Streptococcal otitis media: from epidemiology to 
pathogenesis. Clin Infect Dis. 2005;41:42–44.

	 7.	 Clegg HW, Dallas SD, Roddey OF, et al; Presbyterian Pediatric Research 
Group. Extrapharyngeal group A Streptococcus infection: diagnostic accuracy 
and utility of rapid antigen testing. Pediatr Infect Dis J. 2003;22:726–731.

TABLE 1.  Performance of the Group A Streptococcus 
Rapid Antigen Detection Test From Middle Ear Fluid 
Collected by Healthcare Workers, Compared With  
Bacterial Culture (N = 256 Children)

RADT result GAS Culture+ GAS Culture– Total 

RADT+ 73 0 73
RADT– 2 181 183
Total 75 181 256

GAS prevalence: 29.3 (95% CI: 23.8–35.3).
RADT performance: Sensitivity: 97.3% (95% CI: 90.7%–99.7%), specificity: 100% 

(95% CI: 98.0%–100%), positive predictive value: 100% (95% CI: 95.1%–100%) and 
negative predictive value: 98.9% (95% CI: 96.1%–99.9%).

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/INF/F145
http://links.lww.com/INF/F145


	 The Pediatric Infectious Disease Journal  •  Volume 42, Number 9, September 2023Cohen et al

818  |  www.pidj.com� © 2023 Wolters Kluwer Health, Inc. All rights reserved.

	 8.	 Cohen R, Levy C, Bonacorsi S, et al. Diagnostic accuracy of clinical symp-
toms and rapid diagnostic test in group A Streptococcal perianal infections 
in children. Clin Infect Dis. 2015;60:267–270.

	 9.	 Jung C, Amhis J, Levy C, et al. Group A Streptococcal paronychia and 
blistering distal dactylitis in children: diagnostic accuracy of a rapid diag-
nostic test and efficacy of antibiotic treatment. J Pediatric Infect Dis Soc. 
2020;9:756–759.

	10.	 Zheng X, O’Leary A, Uhl JR, et al. Rapid detection of Streptococcus pyo-
genes in pleural fluid samples from pediatric patients with empyema. J Clin 
Microbiol. 2012;50:2786–2787.

	11.	 Dagan R, Pelton S, Bakaletz L, et al. Prevention of early episodes of otitis 
media by pneumococcal vaccines might reduce progression to complex dis-
ease. Lancet Infect Dis. 2016;16:480–492.

	12.	 Pichichero ME. Immunologic dysfunction contributes to the otitis prone 
condition. J Infect. 2020;80:614–622.

	13.	 Cohen JF, Korevaar DA, Altman DG, et al. STARD 2015 guidelines for 
reporting diagnostic accuracy studies: explanation and elaboration. BMJ 
Open. 2016;6:e012799.

	14.	 Cohen JF, Bertille N, Cohen R, et al. Rapid antigen detection test for group 
A Streptococcus in children with pharyngitis. Cochrane Database Syst Rev. 
2016;7:CD010502.

	15.	 Sharland M, Capello B, Achieng Ombajo L, et al. The WHO AWaRe 
Antibiotic Book: providing guidance on optimal use and informing policy. 
Lancet Infect Dis J. 2022;22:1528−1530.

	16.	 Yu D, Guo D, Zheng Y, et al. A review of penicillin binding protein and 
group A Streptococcus with reduced-beta-lactam susceptibility. Front Cell 
Infect Microbiol. 2023;13:1117160.

	17.	 Jain N, Lansiaux E, Reinis A. Group A Streptococcal (GAS) infections 
amongst children in Europe: taming the rising tide. New Microbes New 
Infect. 2023;51:101071.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


