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Introduction
Acute otitis media (AOM) is one of the main reasons for medical visits in children 
below the age of five years.  Within the first two years of life, it is estimated,  
children have between one and three episodes of otitis 1-3.  Among risk factors 
associated with subsequent otitis are respiratory infections, which may be caused 
by various viral and bacterial agents 1.  It is estimated that approximately 50% of 
cases of otitis media are caused by bacteria, and 50% have viral or unknown causes 
2.  The main bacteria isolated in AOM in children are S. pneumoniae, non-typable 
H. influenzae, and Moraxella catharralis, in which a pneumococcus is responsible 
for 50% of all cases of bacterial otitis (25% of total cases of otitis) 1, 2.  Among 
viruses, the most prevalent are respiratory syncytial virus, adenovirus, influenza, 
and parainfluenza virus 3, 4. 
In a prospective study recently published that included 294 healthy children aged 
six months to three years, followed up for one year, Chonmaitree  and colleagues 
(2008) documented 1,295 episodes of upper respiratory infection (5.06 episodes 
per child/year) and 440 episodes of AOM (1.72 episodes per child/year) 4. Studies 
to identify viral etiology were performed in 864 episodes of upper respiratory 
infection and 63% were positive, in which 61% of the episodes were complicated 
by otitis – 37% were AOM, and 24% were otitis media with effusion (OME).  
Approximately half of the children had infections by adenovirus, respiratory 
syncytial virus, or coronavirus, and 30%  of those infected by influenza virus, 
parainfluenza, enterovirus, or rhinovirus had AOM or OME as complications4.  
Given that it is not always easy to distinguish acute otitis media from otitis 
media with effusion, almost all cases of otitis are treated with antibiotics, and 
excessive use of these drugs is associated with increase in bacterial resistance 1.  
The high economic and social impact associated with otitis requires the development 
of strategies for its prevention 1, 2. In this chapter, we address aspects related 
to vaccination to prevent infections caused by S. pneumoniae and influenza 
virus 1-4.
Vaccines against pneumococcus
There are at least 90 pneumococcal serotypes. Some more frequently cause 
mucosal diseases (otitis and sinusitis); others are more associated with invasive 
diseases (meningitis, sepsis, bacteremic pneumonia), and others frequently 
colonize the mucosae but rarely cause diseases 2.  Pneumococcal vaccines were 
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developed primarily to prevent invasive diseases, and currently there are two types 
of vaccines available: polysaccharide, and conjugate 2. Polysaccharide vaccine has 
23 pneumococcal serotypes, and conjugate vaccine has seven conjugate serotypes 
(4, 6B, 9V, 14, 18C, 19F, 23F) with one mutant of diphtheric toxin–protein 
CRM197. Both have limitations in preventing acute otitis media, considering 
that at least 25% of cases of otitis are caused by pneumococcus and that not all 
serotypes are included in the vaccines 2.
Polysaccharide 23-valent vaccine does not induce good response of antibodies in 
children below two years of age, does not stimulate immune memory, and does 
not reduce colonization of mucosae.  As AOM is more prevalent in the age-range 
six to 24 months, and polysaccharide vaccine is only indicated for patients over 
two years of age, its value in preventing otitis is very low 2.  Conjugate-7-valent 
vaccine (PC7) is recommended in a three-dose regimen, after the age of two 
months (at two, four, and six months of age), with a booster-dose given in the 
second year of life. The conjugation of polysaccharides of the pneumococcal 
capsule to the protein CRM197 stimulates the production of high titers of 
antibodies against vaccinal serotypes, stimulates type T-dependent immune-
response responsible for the booster effect (an exponential increase in antibody-
titers after the booster-dose), and reduces colonization of upper airways by the 
serotypes included in it 2, 5.
Despite these advantages in relation to a polysaccharide vaccine, conjugate 
vaccine has limitations in preventing AOM and OME, owing to the diversity 
of pneumococcal serotypes and other agents (bacteria and viruses) capable of 
causing those diseases. Moreover, immune-response to serotypes contained in the 
vaccines, as well as the mean geometric of antibody-titers necessary to prevent 
colonization of mucosae, are not uniform for all serotypes of S. pneumoniae 1,2,5-18.  
As the number of episodes of AOM and OME is high in young children, however, 
and as combined vaccines against pneumococci reduce mucosal colonization, 
their use may impact the reduction of episodes of AOM, and consequently the 
consumption of antibiotics and  increases in bacterial resistance 2, 5.
Dagan and coworkers (2001) 6, in a randomized double-blind controlled study 
with 264 children from eight daycare centers in Beer-Sheva, Israel, showed that a 
vaccine against pneumococcus with nine conjugate serotypes and protein CRM197 
(PC9) reduced by 17% the number of episodes of otitis in children aged 12 to 35 
months when compared to children in the control group who were vaccinated 
with conjugate vaccine against meningococcal C. This vaccine evaluated by 
Dagan and coworkers reduced by 15% the incidence of other respiratory 
disorders, reduced affectations of the lower airway by 16%, and reduced use of 
antibiotics by 17% 6.  During the phase-III trial that preceded licensing of vaccine 
PC7, Fireman and colleagues (2003) detected that the protection offered by the 
vaccine against otitis was 7.8% (confidence index at 95% [CI95%] within 5.4-
10.2%).  They also observed reduction in the number of antibiotic prescriptions by 
5.7% (CI 95% 4.2-7.2%). The impact of vaccination was even greater in reducing 
the impact of frequent otitis (10% reduced to three visits, and 26% reduced to ten 
visits within six months). Placement of ventilation tubes in the middle ear was 
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reduced by 24% (CI95% 12-35%) 11.  After PC7 was licensed in the USA, in 2000, 
it was noticed that children  vaccinated with PC7 had fewer visits motivated by 
otitis (8.9%), fewer episodes of otitis (7%), and underwent fewer procedures for 
placement of ventilation tubes (20-30%) 2,6,9-13.
Colonization of airways with S. pneumoniae precedes the occurrence of invasive 
and non-invasive diseases. The prevalence of healthy carriers of pneumococcus 
is higher among children, especially in those who go to daycare centers, and in 
adults who have contact with children.  Given that conjugate vaccines reduce 
rates of pneumococcal colonization, there is also reduction in transmission of 
these bacteria in the community, so a protective effect is noticed not only in 
vaccinated groups but also in the non-vaccinated population (collective immunity) 
2.  Owing to the large number of episodes of otitis in infants, introduction in the 
USA of PC7 as a routine vaccination has caused significant reduction in the 
incidence of AOM and in rates of increase in antibiotic resistance 2. However, 
it should be pointed out that the main role of PC7 vaccine is to prevent invasive 
pneumococcal diseases and not to prevent bacterial resistance.  Use of the vaccine 
leads to the phenomenon of replacement of the serotypes in the vaccine with other 
pneumococcal serotypes that colonize mucosae of the respiratory tract and may 
also become resistant to antibiotics 2,7-14.
It is interesting to highlight that the protection offered by conjugate vaccines 
depends on the serotype. In a follow-up study with 1,666 children, correlation 
between mean geometric titers (MGT) of antibodies against serotypes 6B, 19F, 
and 23F, and the risk of otitis caused by these serotypes, or by serotype 6A, 
detected major differences in protective titers. Protection against serotype 19F 
was low when compared to protection against serotype 6B,19 and conjugate 
vaccine does not induce cross-protection against serotype 19A 2.  Currently in the 
USA, serotype 19A (not included in vaccine PC7) is one of the most important 
serotypes associated with penicillin-resistance 2.
Many different studies indicate that in children vaccinated with conjugate vaccine 
there is replacement of serotypes included in vaccines that colonize  respiratory 
tracts, by other pneumococcal serotypes not included in the vaccine or by other 
bacteria such as non-typable H. influenzae 2,8-10,14. Moreover, the impact and the 
duration of protection given by the mucosal immunity are still unknown and 
are variable to different types of serotypes 14-17.  These aspects are related to the 
impact of vaccination, the phenomenon of replacement of bacteria that colonize 
the respiratory tract, the impact of vaccination in relation to improvement of 
quality-of-life in children with AOM, and rates of increase in  bacterial resistance 
2,7-18.  As to the replacement phenomenon, a study showed that children previously 
vaccinated with PC7 vaccine had greater numbers of episodes of otitis caused by 
non-typable H. influenzae 14. 
Despite this risk, we should bear in mind that otitis caused by pneumococcus is 
more severe than that caused by H. influenzae, and that large-scale use of PC7 
vaccine in the USA brought benefits not only to the vaccinated children but also 
to the whole community, clearly showing that the benefits were much superior 
to possible risks of increase in rates of infection by pneumococcal serotypes not 
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included in the vaccine or by other bacteria that had lower pathogenicity and less 
resistance to antibiotics 2.  Moreover, we should also remember that the vaccine 
reduced (in over 95%) the incidence of invasive pneumococcal diseases in 
children below the age of five years. These diseases have high lethality and rates 
of sequelae, and for this reason the Brazilian Society of Pediatrics recommends 
vaccine PC7 for all children aged two to 60 months 2.
New conjugate vaccines
Currently, there are in advanced stages of development two new conjugate vaccines 
against pneumococcus: a vaccine that contains 13 serotypes (including 19A) and 
another that, even though it has fewer serotypes (10), is capable of protecting 
against non-typable H. influenzae infections 2, 19. This latter new vaccine, initially 
comprising 11 pneumococcal serotypes conjugate to protein D derived from 
Haemophilus influenzae (PC11-D), was tested in 4,968 children randomized to 
receive either vaccine PC11-D or a vaccine against hepatitis A, at the ages of 
three, four, five and 12-15 months. During two years of follow-up, which started 
two weeks after the third dose of vaccine, there were 333 episodes of otitis 
media in the group who received PC11-D (n=2455) and 499 in the control group 
(n=2,452). The protection provided by vaccine PC11-D against otitis was estimated 
as 33.6% (CI95%: 20.8–44.3%).  Protection against otitis caused by pneumococcal 
serotypes included in vaccine PC11-D was approximately 50%, but there was no 
impact in reducing otitis caused by other serotypes. The main benefit of the new 
vaccine was reduction by 35.3% (CI95%: 1.8–57.4%) in the rate of otitis caused 
by non-typable H. influenzae 19.  Despite the significant benefit of vaccine PC11-D 
in reducing otitis caused by non-typable H. influenzae, we should emphasize that 
up to now there are not sufficient data to assess its impact in reducing invasive 
pneumococcal diseases in children and that invasive forms of the pneumococcal 
disease have high rates of mortality and sequelae in children below the age of five 
years.
Vaccines against influenza
Among all factors associated with higher incidence of AOM, past viral infection 
has one of the most relevant roles 1,3,4,20-23.  Viruses may predispose to AOM through 
different mechanisms: increase in adhesion of bacteria that normally colonize the 
airways, inflammation, and dysfunction of the Eustachian tube. Moreover, it has 
already been confirmed that presence of viral infection concomitant to bacterial 
infection predisposes to presentations with prolonged duration and higher 
likelihood of therapeutic failure 3,4,20.  
Studies about the efficacy of vaccines against influenza in preventing AOM 
have produced discrepant results 21-23. In studies carried out in Finland, with 
children below the age of three years who were in daycare centers, Heikkinen and 
coworkers (1991) detected a 36% reduction in episodes of AOM in the group of 
187 children vaccinated against influenza, in comparison to 187 children treated 
with a placebo 21. Similar results were found by Clements and colleagues (1995) 
in a study carried out in the USA, in which the vaccine containing the inactivated 
virus against influenza reduced by 31% the incidence of AOM in a group of 186 
children aged six to 36 months, in comparison to a control group 22.  However, 
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Hoberman and coworkers (2003) did not confirm these results in a study that 
included 750 children aged six to 24 months 23. 
The reasons for discrepant results among the different studies about effectiveness 
of influenza vaccines in preventing AOM in children are probably due to 
variations in occurrence of influenza, the age-ranges studied, and level of antigenic 
similarity among circulating viruses and strains contained in the vaccines. In the 
study in which the vaccination had no impact in reducing AOM 23, there was 
low circulation of influenza virus, leading to expectation of at least a few cases 
of AOM related to these viruses, especially in the second follow-up year.  In 
addition, effectiveness of the vaccine seems to be related to previous immune-
experience of the children, which was greater among those who responded with 
higher antibody-titers. As the response to vaccine depends on age, relatively low 
in young infants, it is possible that the study that showed no impact of vaccine in 
reducing AOM included a greater number of children below the age of two years, 
which might have had a relevant role in the absence of a finding of reduction in 
the occurrence of AOM5, 24.
In the USA, trivalent inactivated influenza virus vaccine has been recommended 
for children aged six to 24 months since 2004 5, 24. In 2007, it was included in 
the vaccine-schedule in the USA for children aged six to 59 months 2 and for 
the 2008/2009 season, it is advocated that the population below 18 years of 
age should take it, as of the age of six months 25.  Influenza causes substantial 
morbidity and economic impact on young children, but its importance is 
underestimated in childhood, and there is much controversy about the protection 
offered to children by the inactivated vaccine and about the safety of the vaccine, 
especially in children below two years of age 2,24-29.  In a meta-analysis of 14 
randomized studies and 11 cohort studies, published between 1966 and December 
2004, the efficacy of trivalent vaccine in children below the age of two years was 
59% (CI95%: 41%-71%) and effectiveness (protection against flu syndrome) was 
36% (CI95%: 24%-46%). Other studies showed the vaccine to protect against 
pneumonia and acute otitis media 29.  In a recently published study that included 
579 children aged 18-72 months with a history of recurrent respiratory infections, 
two doses of influenza vaccine reduced the rate of incidence of respiratory 
infections in 13-24% of patients.  The rate of PCR- confirmed influenza was 50%, 
and episodes of AOM were 57% to 71%, but these benefits were only observed 
when there was high circulation of the influenza virus 31.
A vaccine against influenza has many antigenic fractions, so the vaccine does not 
cause the infection.  It is recommended to any subject over six months of age who 
wants to have lower risk of getting the disease, even to those who have no risk 
of acquiring AOM 4,24,25,32,. Until recently, information about its safety in children 
below the age of two years was sparse, but data from an American surveillance 
program of vaccine-related adverse events (Vaccine Safety Datalink, US), with 
information about 45,356 children aged six to 23 months who had received one or 
more doses of influenza vaccine between 1/Jan/1991 and 31/May/2003, showed 
that in that period there was no severe adverse event after administration of 69,359 
doses of vaccine in children below two years of age 32.
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Conclusions
Vaccine PNC7 reduces, by approximately 10%, the incidence of AOM, reduces 
by 25% the number of medical visits, and reduces  by 20-30% the need to place 
ventilation tubes in the middle ear.  Regardless of its role in protecting against 
otitis, it should be indicated to all children between two and 60 months of age, 
owing to the protection it offers against invasive forms of pneumococcal disease.  
Influenza vaccine is capable of reducing by 30%-50% the incidence of AOM, and 
it protects against pneumonia and other complications of influenza.  It is indicated 
to all children over six months of age, preferably to be given in the fall, before 
the influenza season.  If both vaccines were included in the basic immunization 
calendar, the benefits to the community would be much greater, owing to collective 
immunity and to the impact in reduced use of antimicrobial agents.
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