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Abstract

Otopathogens in acute otitis media (AOM) have implications for care because the likelihood of 

resolution without antibiotics and optimal antibiotic agent varies by microorganism. We aimed 

to determine the sensitivity, specificity, positive predictive value (PPV), and negative predictive 

value (NPV) of nasopharyngeal (NP) qualitative polymerase chain reaction (PCR) for common 

bacterial otopathogens in children with AOM compared to NP culture. NP flocked swabs collected 

from enrolled children aged 6-35 months with uncomplicated AOM in Denver, CO were tested 

by culture and multiplex PCR. The sensitivity and NPV of PCR using culture as a reference were 

high (H. influenzae 93.3%, 98.0%; S. pneumoniae 94.2%, 95.1%; M. catarrhalis 92.3%, 86.4%); 

whereas the specificity and PPV were lower and varied by organism (54.2-84.1%, 55.1-69.2%, 

respectively). PCR detected 1.5 times more organisms than culture. NP PCR has a high predictive 

value for excluding otopathogens compared to culture and warrants exploration as a diagnostic 

tool.
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1. Background:

Acute otitis media (AOM) affects over 60% of children by three years of age and is the 

most common reason children in the United States are prescribed an antibiotic[1,2,3]. 

Among children with AOM, Streptococcus pneumoniae, Haemophilus influenzae, and 

Moraxella catarrhalis are the predominant bacterial otopathogens. Up to 20% of children 

have exclusively viral AOM[4-7]. The associated pathogen has important implications for 

management because the severity of infection, risk of tympanic membrane rupture, and 

likelihood of resolution without an antibiotic differ between organisms[8-12]. Additionally, 

the optimal antibiotic agent varies by pathogen; nearly all M. catarrhalis isolates and 

a growing proportion of H. influenzae isolates produce beta-lactamase, rendering them 

resistant to amoxicillin[5,13,14].

Unfortunately, there are no clinical features that can distinguish between bacterial 

otopathogens[15], and testing is not conducted routinely for pathogens in clinical 

practice. Thus, national guidelines take a one-size-fits-most approach to management by 

recommending that immediate antibiotics be considered for nearly all children in the United 

States and that amoxicillin should be used as a first-line agent in most cases regardless 

of the associated organisms[16]. This results in significant antibiotic overuse because most 

AOM episodes resolve without treatment with an antibiotic[17]. One mechanism to reduce 

unnecessary antibiotic use for AOM is to recommend watchful waiting as first-line treatment 
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for most children aged 2 years and older and select children younger than 2 years of age. 

Unfortunately, antibiotic prescribing remains high even in countries[18,19] that recommend 

watchful waiting for initial management; the use of watchful waiting has not increased in 

the United States over a decade after release of the 2013 American Academy of Pediatrics 

guidelines[20]. For other infections, such as pharyngitis, the use of rapid diagnostic testing 

(RDT) has substantially reduced unnecessary antibiotic use while assuring that the children 

likely to benefit from an antibiotic receive treatment with one [21]. We previously reported 

that the use of a RDT for AOM could potentially reduce unnecessary antibiotic use, 

including broad-spectrum use, by over 50% annually[22].

Tympanocentesis is not performed routinely in clinical practice, however, there is a strong 

correlation between the common bacterial otopathogens detected in the middle ear and 

nasopharynx (NP) during AOM. While the positive predictive value (PPV) of NP testing 

is variable, the negative predictive value (NPV) is high; based on the current prevalence 

of otopathogens, negative NP testing can effectively exclude the presence of bacterial 

otopathogens in the middle ear with over 92% accuracy[4,7]. Thus, NP testing could be 

an effective tool to reduce unnecessary antibiotic use and individualize care. Though culture 

is considered the gold standard for pathogen detection, the turnaround time for results 

and limited sensitivity reduce its utility in clinical practice. In contrast, polymerase chain 

reaction (PCR) may offer more timely results with increased sensitivity. We therefore aimed 

to determine the sensitivity, specificity, PPV and NPV for NP qualitative PCR for the most 

common bacterial otopathogens compared to NP culture among children 6-35 months of age 

with AOM.

2. Methods:

2.1 Population:

Data were obtained as part of the larger NOTEARS AOM study[13], which took place 

at Denver Health and Hospital Authority (DHHA) in Denver, CO from 2019 to 2022 and 

enrolled children ages 6-35 months with uncomplicated AOM in primary care, urgent care, 

and emergency department settings. Children were included if they had an in-person visit, 

were diagnosed with AOM with a qualifying International Classification of Diseases version 

10 code, had symptom onset within 10 days prior to enrollment, and were prescribed 

amoxicillin by their provider. Children were excluded if they had tympanic membrane 

rupture at diagnosis, a competing bacterial diagnosis (e.g., pneumonia), received more than 2 

doses of systemic antibiotics in the prior 30 days, an underlying medical condition including 

immunocompromise, concurrent steroid use, underlying structural ear abnormality (e.g. cleft 

palate, Down syndrome, sensorineural hearing loss), or current tympanostomy tubes.

2.2 Sample collection:

Patients had an NP flocked swab in liquid Amies media (ESwab®, Copan Diagnostics) 

collected at enrollment by trained medical providers. Swabs were inserted through one 

nostril at a depth equivalent to the distance between the tip of the child’s nose and the 

tragus of the ear or the maximum depth as indicated on the swab and rotated for 10 seconds 

before removal. Children were enrolled whenever trained research staff were available 
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(day or night, including weekends). Samples were transported to the clinical microbiology 

laboratory within one hour of collection and refrigerated for up to four hours prior to 

processing. Samples were vortexed for 20 seconds immediately prior to aliquoting and 

plating.

2.3 PCR Testing:

A 400 μL aliquot of specimen was frozen at −70°C for PCR testing. Specimens were 

batch-shipped to Quidel Laboratories (San Diego, CA) for PCR testing. Quidel staff were 

blinded to culture results and participant information. Nucleic acids were extracted using the 

NucliSENS® easyMAG® system (Quidel, San Diego, CA) per manufacturer’s instructions. 

Multiplex RT-PCR for S. pneumoniae, H. influenzae, and M. catarrhalis was completed on 5 

μL of extracted nucleic acids using AnDiaTec® assay kits (Quidel, San Diego, CA). Nucleic 

acid amplification and detection were completed on the Applied Biosystems® (ABI) 7500 

Fast Dx Real-Time PCR Instrument (ThermoFisher Scientific, Waltham, MA). Manufacturer 

recommendations for qualitative determination of ‘positive’ or ‘negative’ values were 

utilized using pre-defined cutoffs specified by the manufacturer[23,24]. The diagnostic 

sensitivity and specificity as reported by the manufacturer are as follows: S. pneumoniae 
(sensitivity 99.2%, specificity 98.4%); H. influenzae (sensitivity 100%, specificity 98.6%); 

and M. catarrhalis (sensitivity 100%, specificity 100%).

2.4 Culture Testing:

Specimens were cultured in the DHHA Clinical Microbiology Laboratory using standard 

laboratory techniques by inoculating 10 μL of specimen on blood agar, chocolate agar, 

and MacConkey agar, then streaking for isolation. Media were incubated at 35-37°C 

in 5-10% carbon dioxide and examined at 24, 48, and 72 hours for growth. Results 

were recorded semiquantitatively (i.e., rare, few, moderate, or many). Pathogens were 

identified using standard microbiologic methods, including biochemical and agglutination 

tests, supplemented, when necessary, by use of Vitek cards (Biomerieux, Durham, NC) and 

Microscan panels (Beckman Coulter, Brea, California).

2.5 Analysis:

The primary analysis included calculation of sensitivity, specificity, PPV, and NPV and 

associated 95% confidence intervals (CI) for S. pneumoniae, H. influenzae, and M. 
catarrhalis using culture as the reference method. Only children that had not received any 

doses of antibiotic at the time of specimen collection were included in the primary analysis. 

Secondary analyses included: 1) the number and percentage of children that tested positive 

for each microorganism based on the number of doses of antibiotics taken prior to specimen 

collection and 2) the proportion of children positive by PCR that were also positive by 

culture based on the number of doses of antibiotics taken prior to specimen collection. We 

did not evaluate the sensitivity and specificity for less common bacterial otopathogens (e.g., 

Streptococcus pyogenes) because we were unlikely to have a sufficient sample size for the 

analyses given their low frequency among young children with AOM[1,5]. All analyses were 

performed using SAS Enterprise Guide 7.1 (SAS Corporation, Cary, NC).
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The study was approved by the Colorado Multiple Institute Review Board and informed 

consent was obtained from the parents of all participants.

3. Results:

In total, 215 children were enrolled. Twelve were withdrawn from the study, however, the 

parent of one child who was withdrawn allowed us to use the child’s laboratory data, 

leaving 204 children for the analysis. Of the 203 with children with culture results available 

included, at the time of enrollment, 148 (72.9%) had not taken any doses of antibiotics prior 

to NP specimen collection at enrollment, 19 (9.3%), 31 (15.3%), and 5 (2.5%) had taken 

1, 2, and an unknown number of doses respectively. Table 1 shows the demographic and 

clinical features of children included in the primary analysis. Of children who had not taken 

any antibiotics before enrollment, 123 (83.1%) had one or more bacterial otopathogens 

detected by NP culture and 131 (88.5%) had one or more detected by NP PCR. M. 
catarrhalis was the most frequently isolated organism by culture (78, 52.7%) followed by S. 
pneumoniae (51, 34.5%), and H. influenzae (30, 20.3%). A minority of children (25, 16.9%) 

had no bacterial otopathogens isolated and 55 (37.2%) had multiple bacterial otopathogens 

isolated.

The sensitivity and NPV of NP PCR compared to NP culture was high for all organisms 

(H. influenzae 93.3%, 98.0%; S. pneumoniae 94.2%, 95.1%; M. catarrhalis 92.3%, 86.4%, 

respectively). The specificity was highly variable ranging from 54.2% (95% CI: 42.0, 66.1) 

for S. pneumoniae to 83.1% (95% CI: 74.8, 98.8) for M. catarrhalis with correspondingly 

low positive predictive values (Table 2). For all organisms NP PCR was substantially more 

likely to detect pathogens than NP culture (Figure 1). Patients who had taken amoxicillin 

were substantially less likely to have S. pneumoniae and H. influenzae isolated by culture, 

whereas isolation of M. catarrhalis was largely unaffected by amoxicillin consumption 

(Figure 2).

4. Discussion:

For young children with AOM, NP PCR had high sensitivity and NPV compared to NP 

culture for common bacterial otopathogens. Here we demonstrate that NP PCR in children 

with AOM detected more pathogens compared to culture and was able to detect pathogens in 

children who had taken antibiotics.

NP testing for children with AOM could be a useful tool to reduce unnecessary antibiotic 

exposure. Optimally, children should be diagnosed with AOM using stringent criteria and 

initial observation should be used for most children. However, in clinical practice AOM is 

often incorrectly diagnosed (30-50%)[13,16,25-28], and yet 95% of children are prescribed 

an immediate antibiotic. Of those, 40% are prescribed a broad-spectrum antibiotic[29,30]. 

Given the high NPV, a negative NP PCR during AOM indicates that the organism is 

unlikely to be present. NP PCR could reduce or exclude the need for an antibiotic in 

children without a bacterial pathogen or who exclusively have a pathogen that is likely to 

resolve without an antibiotic (e.g., M. catarrhalis). Similarly, it may be a useful tool to 

prevent unnecessary prescribing of broad-spectrum antibiotics. Genes associated with beta-
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lactamase production by H. influenzae are well described and could be incorporated into 

a PCR panel. In cases where an antibiotic might be warranted, a negative NP PCR for M. 
catarrhalis or beta-lactamase producing H. influenzae indicates that a child may be unlikely 

to benefit from a broader spectrum antibiotic. This might be particularly helpful for children 

with chronic or recurrent AOM, although we did not assess performance characteristics 

in these populations. We recently reported that the routine use of rapid PCR testing for 

common bacterial otopathogens during AOM episodes, coupled with use of a clinical 

decision algorithm to guide management (watchful waiting versus immediate antibiotic and 

antibiotic agent), is likely to reduce unnecessary antibiotic use[21]. We anticipate that results 

could be available within several hours in most health settings including outpatient clinics 

given the wide-spread use of rapid PCR for other conditions such as Group A streptococcal 

pharyngitis and SARS-CoV-2 infection. Thus, like pharyngitis, clinicians could provide 

recommendations for analgesics and antipyretics and follow-up with families the same or 

next day with test results. Importantly, the correlation between NP and middle ear fluid 

bacterial otopathogens during AOM is imperfect[4,7]. There are several reasons for this: 

discordance including high carriage rates of bacterial otopathogens in the nasopharynx, 

the presence of biofilms in the nasopharynx, and the timing of sample collection during 

illness. For example, early in the course of infection organisms may be more likely to be 

detected in the NP than in the middle ear fluid. Nearly all of these scenarios result in more 

otopathogens detected in the NP than in middle ear fluid. Fortunately, the absence of a 

bacterial otopathogen in the nasopharynx indicates it is unlikely to be in the middle ear fluid 

in most cases. Thus, the risk of a false negative from NP sampling is low.

Conversely, the use of NP PCR would still result in some antibiotic overprescribing because 

the presence of an otopathogen in the NP does not always indicate that the same organism 

is also present in the middle ear. For example, some children may carry S. pneumoniae, 
H. influenzae, or M. catarrhalis in the nasopharynx (even without AOM). Nevertheless, we 

previously estimated that use of an NP PCR based RDT for AOM in routine clinical practice 

could substantially reduce overall antibiotic prescribing and broad-spectrum antibiotic 

prescribing [21]. Thus, testing via NP PCR may be considered a potential tactic to 

reduce unnecessary antibiotic use for AOM, but should be used in conjunction with other 

antimicrobial stewardship interventions including those to improve diagnostic accuracy. 

Additionally, PCR is likely to be more sensitive than culture and could reliably detect 

organisms when culture results are falsely negative. Patients who had potential otopathogens 

detected by PCR, but not culture, were classified as false positives. However, it is more 

likely that PCR was simply more sensitive than culture. This is particularly relevant for 

S. pneumoniae which is fastidious and may not grow well aerobically. The sensitivity of 

PCR compared to culture could enhance its use in clinical practice. However, one potential 

challenge with the use of PCR is the inability to get most antimicrobial susceptibility testing.

There are numerous additional advantages to NP PCR compared to culture or middle ear 

fluid testing. First, PCR has a relatively fast turn-around and many health systems now 

have access to PCR on site. Second, PCR based assays coupled with testing for influenza, 

SARS-CoV-2, and respiratory syncytial virus could provide an efficient and practical 

panel for testing. Such a panel would minimize NP sampling for children and provide 

additional comprehensive information to guide treatment and isolation recommendations. 
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Third, the ability of PCR to identify pathogens in children who have taken some doses of 

an antibiotic could be useful to guide antibiotic choice for children who fail initial antibiotic 

treatment. Finally, nearly all clinicians and clinical staff can reliably collect an NP specimen, 

though few clinicians are trained or competent in tympanocentesis[31]. It remains to be 

seen whether mid-turbinate or anterior nasal swabs could also be used for detection of 

otopathogens, which could further simplify sample collection given that they are widely 

used due to their introduction during the COVID-19 pandemic. A prior study indicated 

moderate to good correlation between mid-turbinate and nasopharyngeal results for these 

organisms[31].

This evaluation has several strengths. We were able to evaluate the test performance among 

a prospective cohort of children with uncomplicated AOM diagnosed in a typical practice 

environment. Inclusion of children who had taken varying doses of amoxicillin at the time of 

specimen collection allowed us to compare the detection of pathogens by culture and PCR 

by antibiotic exposure. This is potentially important clinically for children who are failing 

antibiotic therapy and methodologically for collection of microbiologic data in pragmatic 

clinical trials that might enroll children after they have started an antibiotic.

The study also has limitations. First, although other authors have previously described an 

association between NP and middle ear fluid otopathogens, we did not test for otopathogens 

in middle ear fluid to confirm this association in our population [4,7,32]. Second, the 

reliability of all tests is subject to the technique used for sample collection. All specimens 

were collected by practicing clinicians who were trained in NP collection; however, we did 

not directly observe or validate sample collection techniques. Third, patients were recruited 

across only one health system in Colorado and only younger children with uncomplicated 

infections were included. Thus, results may not be generalizable to other geographic areas 

with different pathogen prevalence or among different patient populations. Fourth, we did 

not assess the potential clinical impact of use of the RDT in this study. We previously 

estimated that use of an RDT would reduce adverse drug events and disutility among 

children[22]. However, a future study is needed to assess clinical outcomes directly. Finally, 

the sample size was small for some organisms, which may have resulted in broader precision 

estimates than if more children had been included.

In conclusion, NP PCR has relatively high negative predictive value compared to culture 

for excluding common bacterial otopathogens in young children with uncomplicated AOM 

and warrants further exploration as a diagnostic tool to individualize care and reduce 

unnecessary antibiotic use.
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Figure 1: 
Number of children for whom organisms were detected by PCR and culture by doses of 

amoxicillin taken.
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Figure 2: 
Proportion of children positive by PCR and culture by doses of amoxicillin taken at 

enrollment.
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Table 1:

Demographic and clinical features of children included in the primary analysis.

Characteristic N (%)
N=148

Age (n (%), months) 18.1 months

 6-11 47 (31.8)

 12-23 62 (41.9)

 24-35 39 (26.3)

Sex (n (%))

 Female 86 (58.1)

 Male 62 (41.9)

Race (n (%))

 White 83 (56.1)

 Unknown or Not Reported 49 (33.1)

 African American/Black 11 (7.4)

 Other or Multiracial 5 (3.4)

Ethnicity (n (%))

   Hispanic/Latinx 113 (76.3)

  Not Hispanic/Latinx 33 (22.3)

   Unknown or Not Reported 2 (1.4)

Language Preference1(n (%))

   English 112 (75.7)

   Spanish 36 (24.3)

Attends school or daycare (n (%)) 39 (26.4)

Diagnostic Setting (n (%))

 Emergency Department or Urgent Care 106 (71.6)

 Pediatric primary care 18 (12.2)

 Family medicine primary care 24 (16.2)

Time period1(n (%))

   Pre COVID-19 81 (54.7)

   Peri COVID-19 67 (45.3)

1
Pre COVID-19 includes patients enrolled before 03/01/2020 and Peri COVID-19 includes patients enrolled on or after 03/01/2020.
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Table 2:

Sensitivity, specificity, negative and positive predictive values of nasopharyngeal PCR compared to 

nasopharyngeal culture.

Organism Na
N=148

Prevalence
% (95%CI)

TPb
(n)

FP
c
(n)

TN
d
(n)

FN
e
(n)

Sensitivity
% (95%CI)

Specificity
% (95%CI)

Positive 
Predictive
Value
% (95%CI)

Negative
Predictive 
Value
% (95%CI)

H.influenzae 30 20.3 (14.3, 
27.8) 28 20 98 2 93.3 (76.5, 

98.8)
83.1 (74.8, 
98.8)

58.3 (43.3, 
72.1)

98.0 (92.3, 
99.7)

S.pneumoniae 51 34.5 (27.0, 
42.8) 48 39 58 3 94.2 (82.8, 

98.5)
59.8 (49.3, 
69.5)

55.1 (44.2, 
65.7)

95.1 (85.4, 
98.7)

M.catarrhalis 78 52.7 (44.3, 
60.1) 72 32 38 6 92.3 (83.4, 

96.8)
54.2 (42.0, 
66.1)

69.2 (59.3, 
77.7)

86.4 (72.0, 
94.3)

a
Children may have had more than one organism detected.

b
True positive

c
False positive

d
True negative

e
False negative
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