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Abstract

There has been a substantial change in the prevalence and microbiologic characteristics of cases of
acute otitis media secondary to the widespread use of pneumococcal conjugate vaccines. Current
trends in nasopharyngeal colonization and the microbiology of acute otitis media support a change
in the recommendation for antibiotic management of acute otitis media and acute bacterial
sinusitis in children.
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Acute otitis media (AOM) and acute bacterial sinusitis (ABS) are two of the most frequent
indications for initiating antimicrobial therapy in young children. The two conditions share
substantial similarities in epidemiology, pathogenesis and microbiology. Consequently,
recommendations for treatment are similar, although based on microbiologic data available
only for AOM.

Pathogenesis of AOM and ABS

The pathogenesis of AOM and ABS almost always relate directly to a preceding viral upper
respiratory in both conditions.23 Common respiratory viruses of childhood including human
rhinovirus, respiratory syncytial virus, human metapneumovirus, coronavirus, human
bocavirus, adenovirus, parainfluenza, enterovirus and influenza infect the upper respiratory
tract and cause symptomatic infection characterized by nasal discharge and nasal congestion,
with or without cough.3 During viral upper respiratory tract infection there is inflammation
of the mucous membranes that line the nose, the sinus cavities, the middle ear and the
Eustachian tube.! The swelling and inflammation of these mucosal linings leads to an
impairment of Eustachian tube function in the case of AOM and functional or mechanical
obstruction of the paranasal sinus ostia during sinusitis. The result of the functional
obstruction to the middle ear and sinuses is the development of a negative pressure in each
cavity. Simultaneously, the virus infection is also associated with an enhanced density of
colonization of the nasopharynx with the common bacterial pathogens associated with each
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of these infections, 7.e., Streptococcus pneumoniae, non-typeable Haemophilus influenzae
and Moraxella catarrhalis.* With an imbalance of the pressure relationships between the
nasopharynx and middle ear and the nasopharynx and the sinus cavity, a transient relief of
the obstruction favors aspiration of secretions (heavily contaminated with bacteria) from the
nasopharynx into the middle ear and sinus cavity, respectively. Because of the impairment of
the Eustachian tube function and the functional obstruction of the sinus ostia, this material
cannot simply be eliminated by normal mucociliary action. Instead, the bacteria have an
opportunity to further multiply and set up a secondary bacterial infection of the middle ear
and paranasal sinuses. As testimony to this proposed pathogenesis, we and others have
documented that the nasopharynx in children with URI is colonized with one or more of
these bacterial pathogens nearly ninety percent of the time and that the density of these
pathogens increase exponentially when viral infection occurs.4>

Bacteriology of AOM and ABS and impact of Pneumococcal Conjugate

Vaccines

There is general familiarity with the common pathogens that cause AOM and ABS. The
relative prevalence of these otopathogens/sinopathogens as a cause of AOM was fairly stable
until licensure of the first pneumococcal conjugate vaccine PCV7 in the year 2000 (Table 1).
6 Although the vaccine was intended to eliminate or decrease cases of invasive
pneumococcal disease such as pneumococcal meningitis and pneumococcal bacteremia, it
had an unanticipated impact on the incidence and microbiologic characteristics of AOM
which was directly related to the alteration in nasopharyngeal colonization with vaccine and
non-vaccine strains of S. pneumoniae. In the early years after PCVV7 was licensed, there was
a decrease in nasopharyngeal colonization with vaccine strains of S. pneumoniae and a
subsequent decrease in the prevalence of S. pneumoniae as a cause of AOM.57 In the late
period after PCV7 was licensed (2008-2010), there was the emergence of virulent non-
vaccine strains of S. pneumoniae (especially serotype 19A) which caused both an increase in
severe invasive disease as well as an increase in cases of AOM. However, since the licensure
of PCV13, in 2010, there has been a sustained decline in nasopharyngeal colonization with
vaccine strains of S. pneumoniae. Although non-vaccine strains of S. pneumoniae have
emerged (serotype 15 A,B,C, 21, 23B and 35B)’~9 there appears to be a relatively stable rate
of these strains as a cause of AOM resulting in an all-time low of S. pneumoniae as a cause
of AOM.8:10-12 Wjith the decrease of nasopharyngeal colonization with vaccine strains, there
has also been a decrease in AOM caused by pen-R S. pneumoniae. 314 Both of these
observations underscore the basic principle that nasopharyngeal colonization with S.
pneumoniaeis a necessary prelude to the development of either AOM or ABS with that
organism.

Current Data on Microbiology of AOM and Nasopharyngeal Colonization

with Otopathogens

Although there is only one center in the U.S. performing tympanocentesis regularly,? there
are international data related to the microbiology of AOM and multiple reports accruing with
regard to patterns of nasopharyngeal colonization with S. pneumoniae and H. influenzae

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wald and DeMuri

Page 3

throughout the U.S. and world. First, there is evidence that the overall incidence of AOM is
decreasing as a response to pneumococcal conjugate vaccines.®11:12.15 This decline is
largely due to a dramatic decrease in cases of AOM attributable to S. pneumoniae (including
pen-R S. pneumoniag) as documented both in the U.S.,614.16 |celand” and Israel (south and
central).11-13 Going hand-in-hand with these observations are reports from Israel,18
France’19 and the U.S.6:8.20 indicating there is a substantial decrease in nasopharyngeal
colonization with vaccine strains of S. pneumoniae with a relative increase in non-vaccine
strains. In all but one of these studies,® there was a concurrent decrease in penicillin and
ceftriaxone resistant strains of S. pneumoniae.

Simultaneously with these reports of decreasing S. prneumoniae are increasing reports of H.
influenzaé®21.22 and in particular beta-lactamase producing H. influenzae from Rochester
N.Y.8 In the latest data released from Rochester, H. influenzae accounts for 60%, S.
pneumoniae 20% and M. catarrhalis, 15% of cases of AOM (Table 1).6

Unfortunately, there are very limited published data in the U.S. regarding the prevalence of
beta-lactamase producing H. influenzae. In an ongoing clinical study of children with
sinusitis being conducted in Pittsburgh, PA, Madison, WI and Bardstown, KY, 31 (44%) of
71 nasopharyngeal isolates obtained from 228 children from March, 2016 to December,
2017 were beta-lactamase positive.23 Annual tabulation of microbiology results from
Children’s Hospital of Colorado for the years 2014-2016 shows that 34% of 231 isolates of
H. influenzae are beta-lactamase positive.24 Finally, a 2016 publication from University of
Texas Medical Branch Galveston, states that a third to a half of H. influenzae recovered from
middle ear fluids produce beta-lactamase.2>

Time to Change

Given these data, it is time to change empiric recommendations for the initial antibiotic
management of AOM and ABS. The standard recommendation has been high dose
amoxicillin at 80-90 mg/kg/day in two divided doses.2® The desire to continue to use
amoxicillin as first line therapy in uncomplicated cases of AOM and ABS is related to its
safety, general effectiveness, reasonable cost and narrow spectrum. The recommendation to
use high dose amoxicillin relates to concerns about pen-R S. pneumoniae. Given that the
prevalence of S. pneumoniae as a cause of AOM is at an all-time low, and that the proportion
of cases of pen-R S.pneumoniae is low as well, regular or low dose amoxicillin (45
mg/kg/day in 2 divided doses) will suffice. However, the other important issue is that beta-
lactamase producing H. influenzae and M. catarrhalis are resistant to amoxicillin.
Fortunately, the 2013 AOM guideline acknowledges that when there is reason to suspect that
the cause of AOM is H. influenzae, the recommendation switches from amoxicillin to a
selection that has enhanced beta-lactamase coverage; while amoxicillin-clavulanate is the
most suitable choice, alternatives include cefuroxime and cefpodoxime.2 In addition,
standard dose amoxicillin-clavulanate may be expected to have the same or lower rate of
diarrhea than the high dose formulation.2”

Given the combination of an increase in H. influenzae and decrease in pen-R S. pneumoniae,
we should be ready to endorse regular dose amoxicillin-clavulanate as the preferred
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treatment (45 mg/kg/day in two divided doses of 400mg/57mg) for children with AOM and
ABS. Having made this recommendation in the first quarter of 2018, we should underscore
that this is a very dynamic situation which requires careful monitoring.28 It was 7 years after
licensure of PCV7 that the peak impact of the emergence of serotype 19A of S. pneumoniae
with its associated virulence was realized. Although we must be alert to changes, current
data suggest that the prevalence of the observed serotype replacements for S. prneumoniae do
not mandate high dose amoxicillin-clavulanate.

Acknowledgments

Funding support: Sinusitis in Children and the Nasopharyngeal Microbiome (R01 Al097172)

References

1. Wald ER, DeMuri GP. Commentary: antibiotic recommendations for acute otitis media and acute
bacterial sinusitis in 2013-the conundrum. Pediatr Infect Dis J. 2013; 32(6):641-643. [PubMed:
23340557]

2. Chonmaitree T, Revai K, Grady JJ, et al. Viral upper respiratory tract infection and otitis media
complication in young children. Clin Infect Dis. 2008; 46(6):815-823. [PubMed: 18279042]

3. DeMuri GP, Gern JE, Moyer SC, Lindstrom MJ, Lynch SV, Wald ER. Clinical Features, Virus
Identification, and Sinusitis as a Complication of Upper Respiratory Tract Iliness in Children Ages
4-7 Years. J Pediatr. 2016; 171:133-139.e131. [PubMed: 26787374]

4. DeMuri GP, Gern JE, Eickhoff J, Lynch SV, Wald ER. Dynamics of bacterial colonization with
Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis during symptomatic
and asymptomatic viral upper respiratory infection. Clin Infect Dis. 2017 (in press).

5. Baggett HC, Watson NL, Deloria Knoll M, et al. Density of Upper Respiratory Colonization With
Streptococcus pneumoniae and Its Role in the Diagnosis of Pneumococcal Pneumonia Among
Children Aged <5 Years in the PERCH Study. Clin Infect Dis. 2017; 64(suppl_3):5S317-S327.
[PubMed: 28575365]

6. Kaur R, Morris M, Pichichero ME. Epidemiology of Acute Otitis Media in the Postpneumococcal
Conjugate Vaccine Era. Pediatrics. 2017; 140(3)

7. Cohen R, Varon E, Doit C, et al. A 13-year survey of pneumococcal nasopharyngeal carriage in
children with acute otitis media following PCV7 and PCV13 implementation. Vaccine. 2015;
33(39):5118-5126. [PubMed: 26271823]

8. Martin JM, Hoberman A, Paradise JL, et al. Emergence of Streptococcus pneumoniae serogroups 15
and 35 in nasopharyngeal cultures from young children with acute otitis media. Pediatr Infect Dis J.
2014; 33(11):e286-290. [PubMed: 24911895]

9. Kaur R, Casey JR, Pichichero ME. Emerging Streptococcus pneumoniae Strains Colonizing the
Nasopharynx in Children After 13-valent Pneumococcal Conjugate Vaccination in Comparison to
the 7-valent Era, 2006-2015. Pediatr Infect Dis J. 2016; 35(8):901-906. [PubMed: 27420806]

10. Jabarin B, Pitaro J, Lazarovitch T, et al. Decrease in Pneumococcal Otitis Media Cultures With
Concomitant Increased Antibiotic Susceptibility in the Pneumococcal Conjugate Vaccines Era.
Otol Neurotol. 2017; 38(6):853-859. [PubMed: 28414696]

11. Ben-Shimol S, Givon-Lavi N, Leibovitz E, Raiz S, Greenberg D, Dagan R. Near-elimination of
otitis media caused by 13-valent pneumococcal conjugate vaccine (PCV) serotypes in southern
Israel shortly after sequential introduction of 7-valent/13-valent PCV. Clin Infect Dis. 2014;
59(12):1724-1732. [PubMed: 25159581]

12. Ben-Shimol S, Givon-Lavi N, Leibovitz E, Raiz S, Greenberg D, Dagan R. Impact of Widespread
Introduction of Pneumococcal Conjugate Vaccines on Pneumococcal and Nonpneumococcal Otitis
Media. Clin Infect Dis. 2016; 63(5):611-618. [PubMed: 27225239]

13. Marom T, Avraham E, Cinamon U, Tamir SO. The effect of immunization with pneumococcal
conjugated vaccines on Streptococcus pneumoniae resistance patterns in acute otitis media. J
Microbiol Immunol Infect. 2017; 50(5):714-717. [PubMed: 26507672]

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wald and DeMuri

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,
25.

26.

27.

28.

Page 5

Kaplan SL, Center KJ, Barson WJ, et al. Multicenter surveillance of Streptococcus pneumoniae
isolates from middle ear and mastoid cultures in the 13-valent pneumococcal conjugate vaccine
era. Clin Infect Dis. 2015; 60(9):1339-1345. [PubMed: 25648240]

Nokso-Koivisto J, Marom T, Chonmaitree T. Importance of viruses in acute otitis media. Curr Opin
Pediatr. 2015; 27(1):110-115. [PubMed: 25514574]

Chonmaitree T, Jennings K, Golovko G, et al. Nasopharyngeal microbiota in infants and changes
during viral upper respiratory tract infection and acute otitis media. PLoS One. 2017;
12(7):e0180630. [PubMed: 28708872]

Sigurdsson S, Kristinsson KG, Erlendsdottir H, Hrafnkelsson B, Haraldsson A. Decreased
Incidence of Respiratory Infections in Children After Vaccination with Ten-valent Pneumococcal
Vaccine. Pediatr Infect Dis J. 2015; 34(12):1385-1390. [PubMed: 26780024]

Dagan R, Juergens C, Trammel J, et al. Efficacy of 13-valent pneumococcal conjugate vaccine
(PCV13) versus that of 7-valent PCV (PCV7) against nasopharyngeal colonization of antibiotic-
nonsusceptible Streptococcus pneumoniae. J Infect Dis. 2015; 211(7):1144-1153. [PubMed:
25355940]

Angoulvant F, Cohen R, Doit C, et al. Trends in antibiotic resistance of Streptococcus pneumoniae
and Haemophilus influenzae isolated from nasopharyngeal flora in children with acute otitis media
in France before and after 13 valent pneumococcal conjugate vaccine introduction. BMC Infect
Dis. 2015; 15:236. [PubMed: 26093673]

Desai AP, Sharma D, Crispell EK, et al. Decline in Pneumococcal Nasopharyngeal Carriage of
Vaccine Serotypes After the Introduction of the 13-Valent Pneumococcal Conjugate Vaccine in
Children in Atlanta, Georgia. Pediatr Infect Dis J. 2015; 34(11):1168-1174. [PubMed: 26226445]
Van Dyke MK, Pircon JY, Cohen R, et al. Etiology of Acute Otitis Media in Children Less Than 5
Years of Age: A Pooled Analysis of 10 Similarly Designed Observational Studies. Pediatr Infect
Dis J. 2017; 36(3):274-281. [PubMed: 27918383]

van Dongen TM, van der Heijden GJ, Venekamp RP, Rovers MM, Schilder AG. A trial of
treatment for acute otorrhea in children with tympanostomy tubes. N Engl J Med. 2014; 370(8):
723-733. [PubMed: 24552319]

Shaikh N. Personal communication. 2018

Abzug M. Personal communication. 2018

Patel JA, McCormick DP, Chonmaitree T. Acute otitis media. In: Chonmaitree T, Patel JA,
editorsContemporary Approaches to Upper Respiratory Tract Infections. London: Future
Medicine, Ltd; 2016.

Wald ER, Applegate KE, Bordley C, et al. Clinical practice guideline for the diagnosis and
management of acute bacterial sinusitis in children aged 1 to 18 years. Pediatrics. 2013;
132(1):262-280. [PubMed: 23796742]

Kuehn J, Ismael Z, Long PF, Barker CI, Sharland M. Reported rates of diarrhea following oral
penicillin therapy in pediatric clinical trials. J Pediatr Pharmacol Ther. 2015; 20(2):90-104.
[PubMed: 25964726]

Lee GM, Kleinman K, Pelton S, Lipsitch M, Huang SS, Lakoma M, Dutta-Linn M, Rett M,
Hanage WP, Finkelstein JA. Immunization, antibiotic use, and pneumococcal colonization over a
15-year period. Pediatrics. 2017; 140doi: 10.1542/peds.2017-0001

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wald and DeMuri

Bacteriology of Acute Otitis Media™

Table 1

Bacterial Species

Prevalence (%) 1999

Prevalence (%) 2017

Streptococcus pneumoniae 40-45 15-25
Haemophilus influenzae 25-30 50-60
Moraxella catarrhalis 12-15 12-15
Streptococcus pyogenes 3-5 3-5
Sterile* 15-20 15-20

*
Data shown in this table represent summary information provided within references 6, 7, 11 and 12.

Page 6

+
Although conventional microbiologic techniques fail to demonstrate positive cultures in 15-20% of samples of middle ear fluid, PCR techniques
applied to sterile specimens indicate the presence of microbiota. [Xu Q, Kaur R, Casey JR, Adlowitz DG, Pichichero ME, Zeng M. Identification of
Streptococcus pneumoniae and Haemophilus influenzae in culture-negative middle ear fluids from children with acute otitis media by combination

of multiplex PCR and multi-locus sequencing typing. /nt J Pediatr Otohinolaryngol 2011;75:239-244.]
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