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Introduction
Difficult-to-treat (complicated, recalcitrant) acute otitis media (AOM) is a 
common pediatric problem, affecting close to 20% of children in their first years 
of life 1. It includes 2 major entities: persistent AOM and recurrent AOM. Whether 
persistent or recurrent AOM reflect indeed the persistence of the original infection 
as opposed to a new infection is still debatable.
Bacterial eradication in AOM, while desirable, may be difficult to achieve in the 
daily practice.  Use of the ‘‘double-tympanocentesis’’ method made possible the 
assessment of bacterial eradication during the antibiotic treatment of AOM and 
also the association between bacterial eradication and clinical cure 2 . This method 
requires that middle ear fluid (MEF) culture be obtained by tympanocentesis 
immediately before initiation of treatment and also during treatment (usually after 
3-5 days during the antibiotic treatment). 
We will discuss the importance of bacteriological eradication of the MEF and also 
nasopharyngeal pathogens in AOM, with particular emphasis in the prevention of 
subsequent recurrent episodes.  The available information on the possible impact 
of the 7-valent pneumococcal conjugate vaccine (PCV-7) on the occurrence of 
difficult-to-treat AOM in children will be presented.
Persistent (non-responsive) AOM
If signs and symptoms of AOM persist for ≥ 48–72 hours after initiation 
of antibiotics, it is likely that the antimicrobial therapy failed to treat the 
original infection.
However, it is debatable whether persistent AOM reflects persistence of the 
original infection (as a result of the lack of response to antibiotic therapy and lack 
of eradication of initial pathogens) or a new infection (persistence or reappearance 
of clinical signs and symptoms, and isolation of a new pathogen).
A study of the effect of antibiotic treatment on the prevalence of subsequently 
isolated MEF pathogens in cases of AOM failing a course of antibiotic therapy 
found that Streptococcus pneumoniae was more prevalent in AOM patients after 
a recent antibiotic treatment 3 . Furthermore, resistance of S. pneumoniae isolates 
to penicillin was higher in those patients who had recently received antibiotics 
compared with those not recently treated. 
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Recurrent AOM (R-AOM)
Children under 2 are at increased risk of R-AOM and persistent middle ear 
effusion after an episode of AOM 1,4. Known determinants of recurrence after 
an episode of AOM include, apart from young age, male sex, sibling history of 
recurrent AOM, not being breastfed, primary clinical treatment failure, bilateral 
disease, passive smoking, day care, season and a history of R-AOM.
Clinical R-AOM is defined as the reappearance of AOM after successful 
completion of the antibiotic treatment with clinical improvement/cure of an 
initial AOM episode. True bacteriological R-AOM is defined by the presence at 
recurrence of an organism identical to that isolated at the original AOM episode.
R-AOM is common in otitis-prone children (defined as those children with ≥3 
AOM episodes occurring in the previous 6 months or ≥4 episodes in 1 year 
preceding the actual AOM). By age of 1 year, more than 60% of children have 
experienced 1 AOM episode and 17% have suffered from at least 3 episodes 
of AOM. Understanding the dynamics of AOM recurrence is important for its 
appropriate therapeutic management.

Microbiology of recurrent AOM: correlation with initial AOM pathogens
In a study carried out to determine the relationship between AOM pathogens 
isolated in 108 cases of early clinical R-AOM (3-4 weeks after completion of 
antibiotic treatment for the initial AOM episode) and the original pathogens 
causing the initial AOM episode, Leibovitz et al 4 found that most R-AOM 
episodes occurring within 1 month from completion of antibiotic therapy were 
new infections. True bacteriological relapses represented only 28% of all cases. 
Of these, S. pneumoniae, non-typable H. influenzae or both of these pathogens 
(mixed infection) were isolated in 43%, 40% and 17% of cases, respectively. Most 
true bacteriological R-AOM relapses developed within the first 2 weeks after 
completion of antibiotic therapy, but even during this time, most of the recurrences 
were caused by a new pathogen. H. influenzae did not cause true bacteriological 
R-AOM relapses beyond 14 days following completion of therapy 4 .

Eradication of pathogens in the initial AOM episode and relationship with 
the occurrence and microbiology of subsequent recurrent-AOM episodes
The relationship between the eradication of nasopharyngeal and MEF pathogens 
and AOM recurrence has been studied in two recent studies 5,6 .  
Libson et al. 5 explored the relationship between nasopharyngeal colonization with 
S. pneumoniae at the end of therapy of an initial AOM episode and the aetiology 
of the next episode of AOM occurring within 3 weeks after completion of therapy.  
Nasopharyngeal cultures were obtained from 494 (93%) of 530 patients at the 
end of successful (bacteriological eradication and clinical improvement/cure) 
antibiotic treatment for AOM (Algorithm)
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Algorithm.   Relationship between nasopharyngeal colonization with S. pneumoniae at the end of antibiotic 
therapy of an initial AOM episode and the aetiology of the next episode of AOM occurring within 3 weeks 
after completion of therapy 

 NP Cx day 10            
not obtained 

n = 36

 eradication failure 
n = 147

Lost to F/U 
n = 255

NP Cx day 10 
n=494

NP Cx (+) day 10
208  (42%)

RAOM
66/208 (32%)

NO-RAOM
142/208 (68%)

NO-RAOM
222/286 (78%)

RAOM
64/286 (22%)

 MEF Cx at RAOM      
56/66 (85%)

 MEF Cx   not 
done  10/208 (5%)

 MEF Cx   not 
done  17/286 (6%)

S. pneumoniae
34/56 (61%)

S. pneumoniae
17/ 47(36%)

MEF Cx at RAOM          
47/ 64 (73%)

 Pathogens 
other than S. 
pneumoniae 
12/56 (21%)

 NG
10/56 (18%)

 NG
10/ 47(28%)

Pathogens 
other than S. 
pneumoniae 
20/47 (42%)

NP Cx (-) day 10
286 (58%)

Bacteriological 
& Clinical Cure 

Day 4-6
n = 530

Cx (+) AOM
Day 1
n= 932

P = 0.026

P = 0.022
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At the end of therapy, nasopharyngeal cultures in 208 (42%) of 494 patients were 
positive for S. pneumoniae. R-AOM was found in 130 (26%) of 494 patients: 66 
(32%) of 208 with S. pneumoniae-positive nasopharyngeal cultures and 64 of 286 
(22%) without S. pneumoniae-positive nasopharyngeal cultures at end of therapy 
(P = 0.026). MEF was positive for S. pneumoniae during R-AOM in 34 (61%) of 
56 patients with S. pneumoniae-positive nasopharyngeal cultures at end of therapy 
and 17 (36%) of 47 patients without S. pneumoniae-positive nasopharyngeal 
cultures at end of therapy (P = 0.022). The same serotype was identified in 24 
(80%) of 30 S. pneumoniae pairs (nasopharynx at end of therapy and MEF at 
R-AOM occurrence); complete identity between isolates was found by pulsed 
field gel electrophoresis in 22 (96%) of 23 S. pneumoniae pairs available for 
examination. The authors concluded that nasopharyngeal carriage of S. pneumoniae 
at the completion of successful antibiotic treatment of AOM predisposes to early 
clinical recurrence 5 .
In a study analysing the outcome of 673 culture-positive AOM patients enrolled 
in various double-tympanocentesis studies, Asher et al. 6  reported that failure 
to eradicate MEF pathogens during antibiotic treatment was associated with 
clinical recurrences of AOM, even in patients showing clinical improvement/ 
cure at the end of antibiotic treatment.  On day 4-6 of treatment, 189/673 (28%) 
patients had culture-positive MEFs. Patients with clinical improvement/cure on 
day 11-14 (end of treatment) despite having culture-positive MEF on day 4-6, 
had more often subsequent recurrent AOM episodes (53/151, 35%) than those 
with culture-negative MEF (114/476, 24%; P = 0.007). Forty-one (77%) of the 
53 culture-positive (on day 4-6) patients and clinical improvement/cure on day 
11-14 underwent tympanocentesis when AOM recurred and 29/41 (71%) were 
culture-positive at recurence. Pulsed field gel electrophoresis identity between 
pathogens at recurrence and those persisting in the MEF on day 4-6 was found in 
19/29 (66%) compared with 31/86 (36%) of the evaluable patients with recurrence 
and culture-negative MEF on day 4-6 (P = 0.005), demonstrating that the AOM 
recurrences were mostly caused by pathogens initially present in the MEF and 
persisting during treatment.
From both studies, it is apparent that higher rates of clinical R-AOM are mostly 
caused by pathogens persisting in the MEF and/or nasopharynx that are not 
eradicated by initial antibiotic treatment. These findings highlight the importance 
of bacteriological eradication in the prevention of R-AOM episodes. 
The role of the 7-valent pneumococccal conjugate vaccine (PCV-7) in 
reducing the burden of difficult-to-treat AOM
An analysis of the impact of PCV-7 on AOM on the Northern California Kaiser 
Permanente initial trial group of 37,868 children followed up to 3.5 years after 
immunization, revealed that PCV-7 reduced otitis visits by 7.8%, antibiotic 
prescriptions by 5.7% and tube placements by 24% 7 . Furthermore, frequent 
otitis media episodes were reduced by 10% in children with 3 visits to 26% in 
those with 10 or more otitis visits within 6 months.  In a population-based study 
in Tennessee and Rochester, NY, after the introduction of the vaccine in the 
routine childhood immunization schedule in the United States, Poehling et al 8  
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reported a significant reduction (much greater than previously reported in various 
clinical trials) in otitis media visits, with a decline by 118 and 430 visits/1000 
children, respectively. Frequent otitis media episodes declined by 17% and 28%, 
respectively (comparing the 2000-2001 with the 1998-1999 birth cohort), while 
pressure-equalizing tube insertions declined by 16% and 23%, respectively.  
Recently, Zhou et al 9 reported a decrease of 42.7% and 41.9%, respectively, in 
the number of ambulatory visits and antibiotic prescriptions attributable to AOM 
between 1997-1999 to 2004 in a pediatric population < 2 years of age vaccinated 
with PCV-7.
In a double-blind, randomized study, 74 Belgian children aged 1-7 years with a 
history of recurrent AOM were immunized with PCV-7 followed by a 23-valent 
pneumococcal polysaccharide booster and followed for 26 months 10 . The authors 
reported no reduction in the number of AOM episodes in the pneumococcal 
vaccine group as compared to the control group with no changes in the overall 
nasopharyngeal pneumococcal carriage. These results are disappointing and 
suggest that the PCV-7 impact may be much greater if administered in early infancy 
and the vaccine may not be useful once recurrence of AOM is established.
Conclusions
We showed that most R-AOM episodes occurring within 1 month from successful 
completion of antibiotic therapy are new infections.  We demonstrated that 
the lack of eradication of MEF and/or nasopharyngeal pathogens during the 
antibiotic treatment of the initial AOM episode is associated with higher rates 
of clinical R-AOM, even if the patients showed clinical improvement or even 
cure at the end of therapy.  The majority of these recurrences were shown to be 
caused by MEF and/or nasopharyngeal pathogens not eradicated initially by the 
antibiotic treatment.  Therefore, the studies presented here clearly emphasized the 
importance of bacteriologic eradication in the prevention of R-AOM episodes.  
Routine immunization with PCV-7 in the United States led to an impressive 
decrease in the number of difficult-to-treat AOM cases.
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