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Introduction
Acute otitis media (AOM) is one of the most frequent childhood diseases, 

being the main cause for medical consultations and prescription of antimicrobial 
drugs in developed countries, where infants use on average more than 40 days of 
antimicrobials per year.1 It is estimated that four out of every five children will 
have an episode of AOM up to the age of three, with peak incidence between six 
and eighteen months of age, and that 40% of them will have at least six or more 
recurrent episodes up to the age of seven.2-4 Another vital public health aspect 
is that the burden of disease and its complications has a much more significant 
impact in developing countries, where estimates by the World Health Organization 
(WHO) point to approximately 51,000 deaths yearly of children younger than five 
years attributed to complications of AOM such as intracranial infections, and that 
60% of the hundreds of millions of people who develop chronic suppurative otitis 
have hearing impairment.5  

These characteristics of AOM make the possibility of preventing it through 
vaccines the best and most attractive option for management. In relation to the 
pathogens that cause AOM, countless studies have shown that S. pneumoniae 
together with non-typeable Haemophilus influenzae (NTHi) and Moraxella 
catarrhalis are the main bacterial agents causing AOM6-13 (Figure	 1). S. 
pneumoniae is found in the middle ear in 25% to 50% of children with AOM, 
H. influenzae, especially the non-typable, in 17% to 56%, and M. catarrhalis 
in 4% to 23%. S.  pyogenes and S.  aureus are also found, but in much smaller 
proportions. 

Figure	1. Distribution of bacterial pathogens that cause AOM during childhood.
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In many places where the 7-valent pneumococcal conjugate vaccine has 
been incorporated in infants’ routine immunization, a change in the microbiology 
of AOM has been observed, with H. influenzae becoming the main causative 
agent of the disease.6,11 The non-typable strains are responsible for virtually all 
cases of AOM caused by H. influenzae, and these cases are more associated with 
bilateral otitis media, failures of treatment, and complications such as rupture 
of the tympanic membrane, recurrence, and mastoiditis.7-9 Finally, viral agents 
(influenza, respiratory syncytial virus [RSV], adenovirus, parainfluenza and 
others) are responsible, alone, for approximately 30% of cases and, together with 
bacterial pathogens, for approximately 15% of cases of AOM.
Impact of vaccines on AOM
Influenza	Vaccine	

Randomized controlled studies and meta-analysis have evaluated the 
impact of influenza vaccine in reduction of AOM and, even though results show 
reduction in disease in those who were vaccinated, this strategy was not enough 
to reduce the burden of the disease. This is due to the fact that the spectrum of 
respiratory viruses that cause AOM is rather broad, with only a part of the cases 
being attributed to influenza virus. The future development of safe and effective 
vaccines against RSV and parainfluenza will probably alter this scenario.14

7-valent	pneumococcal	conjugate	vaccine
Another strategy used in prevention of AOM is based on the use of vaccines 

against bacterial pathogens. Two randomized studies that included a large number 
of subjects evaluated the efficacy of the 7-valent pneumococcal conjugate 
vaccine (PC-7V; internationally known as Prevenar®) in reducing episodes of 
AOM in children in Finland and in the USA.15,16 Both studies were carried out 
before PC-7V vaccine was licensed and, although they had different designs, the 
observed results were similar. 

Analysis of efficacy of the vaccine in reducing episodes of AOM caused 
specifically by serotypes of the vaccine was 57% and 64%, respectively, in 
both studies, in those who were vaccinated. However, the efficacy observed in 
reduction of episodes of AOM from any cause was just 6% in the Finnish study 
and 7.8% in the US trial. There was a 20% reduction in indications for placement 
of ventilation tubes (95% CI; 2 to 35) in the American study and 39% (95% 
CI; 4 to 61) in the Finnish. Among the reasons responsible for limited efficacy 
of the PC-7V vaccine in preventing AOM of any cause we can highlight and 
the increased incidence of disease due to nonvaccine serotypes, as well as the 
increased incidence of AOM caused by H. influenzae in the group of children who 
received the PC-7V vaccine. 

It is also important to stress that the use of pneumococcal conjugate vaccines 
in children can induce herd immunity, and it is probable that the protection of 
non-vaccinated children is due to the reduction of colonization of airways in 
vaccinated children by the serotypes included in these vaccines.17 Reduction in 
the number of nasopharyngeal carriers of serotypes included in this vaccine was 
documented in several studies (Israel, Gambia, South Africa and United States) 
that evaluated children who received pneumococcal conjugate vaccines.1720 This 
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phenomenon is responsible for the additional benefits of conjugate vaccines that 
allow us to prevent cases even among non-vaccinated individuals. After universal 
introduction of the vaccine, results in effectiveness superior to that shown in 
clinical randomized and controlled studies were found in practice, as has recently 
been observed in relation to the reduction of outpatients visits for OM in the USA 
and Canada.17

10-valent	pneumococcal	NTHi	protein	D	conjugate	vaccine
Thus, it became clear that in order to reduce the burden of AOM it would 

be necessary to develop vaccines that could broaden the spectrum of prevented 
otopathogens. A pneumococcal conjugate vaccine containing ten serotypes (1, 4, 
5, 6B, 7F, 9V, 14, 18C, 19F, 23F), eight of them conjugated to the D protein of 
non-typable Haemophilus influenzae; one of them (18C) conjugated to the tetanus 
toxoid and another one (19F) conjugated to the diphtheria toxoid was developed 
by GlaxoSmithKline, providing the possibility of preventing cases of AOM 
caused not only by the pneumococcal serotypes included in the vaccine but also 
by those caused by Haemophilus influenzae. The addition of three serotypes (1, 
5 and 7F) to the seven serotypes already included in the PC-7V vaccine (4, 6B, 
9V, 14, 18C, 19F, 23F) increases  potential coverage by this vaccine in preventing 
pneumococcal disease in children. Besides that, the use of Haemophilus influenzae 
D protein as a protein carrier allows the potential additional benefit of protection 
against diseases caused by NTHi. 

The rationale for development of a vaccine using NTHi protein D as the 
protein carrier is based on some unique characteristics of this antigen, such as the 
fact that it is a highly preserved lipoprotein and thus is expressed in virtually  all  
strains of Haemophilus influenzae. It is exposed on the surface of the cell,  is a 
critical factor in virulence of NTHi in infections in the respiratory tract, and plays 
an important role in the pathogenesis of infections with NTHi. In animal models 
it has also been shown that the presence of antibodies against protein D is a factor 
that induces protection against AOM.  Studies have also shown  that protein D is 
immunogenic in humans.9,21

License for the 10-valent pneumococcal NTHi protein D conjugate vaccine 
(PHiD-CV; internationally known as Synflorix®), was obtained on the basis of 
studies that demonstrated non-inferiority in immunogenicity in relation to the 
PC-7V vaccine. The PHiD-CV vaccine also showed an adequate safety-profile 
and reactogenicity similar to that of vaccines previously licensed.21  

The primary vaccination schedule for PHiD-CV in infants from 6 weeks to 
6 months of age consists of three doses, with an interval of at least one month 
between doses, with a booster in the second year (12 to 15 months of age). For 
infants aged 7-11 months, previously unvaccinated, the vaccination schedule 
consists of two doses with an interval of at least 1 month between doses. A third 
dose is recommended in the second year of life with an interval of at least 2 
months between doses. For children aged 12-23 months the vaccination schedule 
consists of two doses with an interval of at least 2 months between doses. This 
vaccine is presently licensed to be used up to 23 months of age.
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In a study performed in the Czech Republic9 using a previous version of the 
vaccine that contained 11 penumococcal serotypes conjugated to NTHi protein D 
(PCV11-HiD), a 57% efficacy was found in preventing AOM caused by vaccine 
serotypes, efficacy similar to that found in studies using the PC-7V vaccine. This 
study demonstrated for the first time that a vaccine could provide protection 
against AOM caused by NTHi, with a protective efficacy of 35% (95% CI; 2 
to 57) against episodes of AOM caused by NTHi. As a result of this additional 
protection against AOM caused by NTHi, it was shown that the vaccine had a 
34% (95% CI; 21 to 44) efficacy in preventing episodes of AOM from any cause. 
The vaccinated group showed a 60% (95 CI; 27 to 88) reduction in the use of 
ventilation tubes.

The “replacement phenomenon” was not observed in this study, that is, 
the vaccinated group did not show an increase in the number of cases of AOM  
caused by pneumococcal serotypes not included in the vaccine. This finding 
plus the protection by NTHi against AOM were the main determinants of the 
difference in efficacy, favoring the PCV11-HiD vaccine when compared to the 
efficacy of PC-7V vaccine in preventing AOM from any cause. New studies 
using pneumococcal vaccines conjugated with the NTHi protein D are needed 
to confirm the advantage of these vaccines in providing excellent protection 
against AOM caused by S. pneumoniae and NTHi, while minimizing bacterial 
replacement. These studies are needed to provide better knowledge about the 
protective mechanisms induced by these vaccines.

After the 2006 Czech study the vaccine was reformulated, and it was decided 
to remove serotype 3 from the final formulation, as it did not meet the requirements 
for minimum immunogenicity necessary to be included in a conjugated vaccine.21 
Studies of Immunogenicity using the new formulation showed equivalence 
of immune-response for the ten serotypes included in the PHiD-CV vaccine, 
compared to those in the prototype vaccine.21

A pneumococcal vaccine was also recently licensed that used 13 serotypes 
(1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) conjugated to diphtheria 
CRM197 protein, produced by Wyeth. The perspective of using this vaccine to 
prevent AOM will be discussed in another chapter of the present publication.
Conclusion 

Acute otitis media (AOM) is a frequent disease in childhood, associated with 
significant morbidity and impact on children’s quality of life, resulting in a heavy 
economic burden for society. It also represents a major cause for the prescription 
of antimicrobials for children, contributing to increase in antimicrobial resistance 
in the community. Thus, the possibility of preventing this disease by using 
effective vaccines is a fundamental strategy, reducing the burden of this disease 
as well as preventing the emergence of resistant pathogens.  In this setting, the 
use of NTHi D protein as the protein carrier and the inclusion of additional 
pneumococcal serotypes in the PHiD-CV vaccine resulted in a larger spectrum 
of coverage by this vaccine against pneumococci and NTHi, respectively the two 
major pathogens causing AOM.  This represents a major advance in the possibility 
of preventing AOM in childhood.
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