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Background: In recent years, new information has been acquired regarding 
the diagnosis, treatment and prevention of acute otitis media (AOM). The 
Italian Pediatric Society, therefore, decided to issue an update to the Italian 
Pediatric Society guidelines published in 2010.
Methods: The search was conducted on Pubmed, and only those studies 
regarding the pediatric age alone, in English or Italian, published between 
January 1, 2010 and December 31, 2018, were included. Each study included 
in the review was assessed using the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE) methodology. The quality of 
the systematic reviews was evaluated using the A MeaSurement Tool to Assess 
systematic Reviews (AMSTAR) 2 appraisal tool. The guidelines were formu-
lated using the GRADE methodology by a multidisciplinary panel of experts.
Results: The importance of eliminating risk factors (passive smoking, envi-
ronmental pollution, use of pacifier, obesity, limitation of day-care center 
attendance) and the promotion of breastfeeding and hygiene practices (nasal 
lavages) was confirmed. The importance of pneumococcal vaccination in the 
prevention of AOM was reiterated with regard to the prevention of both the 
first episode of AOM and recurrences. Grommets can be inserted in selected 
cases of recurrent AOM that did not respond to all other prevention strate-
gies. Antibiotic prophylaxis is not recommended for the prevention of recur-
rent AOM, except in certain carefully selected cases. The use of complemen-
tary therapies, probiotics, xylitol and vitamin D is not recommended.
Conclusions: The prevention of episodes of AOM requires the elimination of 
risk factors and pneumococcal and influenza vaccination. The use of other prod-
ucts such as probiotics and vitamin D is not supported by adequate evidence.

Key Words: prevention, risk factors, vaccines, acute otitis media, guide-
lines

(Pediatr Infect Dis J 2019;38:S22–S36)

Acute otitis media (AOM) is a very common condition with signifi-
cant medical, social and economic negative impact.1–4 At the age 

of 1 year, 25%–36% of children have already had at least 1 episode of 
AOM and approximately 20% of children develop recurrent otitis.5,6

AOM has a considerable impact on the quality of life of 
both the children and their families. It also has considerable costs, 
which, given its very high frequency, make it one of the pediat-
ric illnesses that most affects global spending on health.5,6 Con-
sequently, the prevention of AOM currently represents a primary 
objective of pediatric care.

METHODS
For the drafting of the update of the previous guideline,7 the 

Italian Pediatric Society appointed a commission including experts in 
general pediatrics, research methodology, pneumology, clinical immu-
nology, emergency medicine, epidemiology, pharmacology and micro-
biology. These aspects and outcomes were identified by the methodol-
ogy group and then shared and discussed with the rest of the panel 
by adopting the Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) methodology.8 The search was con-
ducted on Pubmed, and only those studies regarding the pediatric age 
alone, in English or Italian, published between January 1, 2010 and 
December 31, 2018, were included. For each question, the keywords 
used for the search strategy (annex 1) were identified by the members 
of a subcommission. Relevant articles retrieved from the reference 
lists of the selected studies were also considered. The references were 
regularly updated during the drafting of the guidelines. The abstracts 
and articles were analyzed by a subcommission that selected those that 
were relevant, especially double-blind, randomized clinical studies, 
cohort studies, systematic reviews and all general position papers.

Each study included in the review was summarized in sum-
mary of findings tables and assessed in terms of methodology and 
contents using the GRADE criteria.8 The quality of the systematic 
reviews was evaluated using the A MeaSurement Tool to Assess 
systematic Reviews (AMSTAR 2) appraisal tool.9

The results of the analysis were then discussed and approved 
by the whole panel involved in the drafting of the guidelines, using 
the Consensus Conference method.

RESULTS
One hundred fifty articles were selected as shown in 

 Figure 1. The recommendations set forth below were formulated 
on the basis of the evidence obtained for each question.

Question No. 1 What Role Does Risk Factor 
Limitation Play in the Prevention of AOM?

The unmodifiable predisposing factors are age, male gen-
der, ethnic origin (Caucasian),6 having siblings in day care,10,11 
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premature birth, immunodeficiencies, atopy, anatomical factors 
such as Eustachian tube dysfunction or craniofacial abnormali-
ties6,12–15 and genetic factors.2,16–20

The modifiable risk factors, on the other hand, are attend-
ance of day-care centers, type of feeding, exposure to passive 
smoking and pollutants, use of pacifiers and obesity.5,21–23

By summarizing the evidence provided in literature, it is 
clearly demonstrated in large, good-quality studies24 that a reduc-
tion in the use of pacifiers is associated with a reduction in the risk 
of recurrence, whereas the data available regarding the other factors 
are less conclusive.

Use of Pacifiers and Other Similar Devices
The use of devices such as pacifiers and push-and-pull cap 

bottles can cause a reduction in nasopharyngeal pressure able to 
increase the reflux of nasopharyngeal secretions in the Eustachian 
tube, which consequently increases the risk of AOM.

The 4 observational studies selected showed conflicting 
results.21,25–27 Two good-quality studies clearly show a relationship 
between pacifier use and the risk of AOM.21,25

Furthermore, one interventional study, despite presenting 
methodologic limitations, showed that a benefit was obtained when 
pacifier use was reduced by limiting it to the phase in which the 
baby falls asleep.24

The meta-analysis conducted by Uhari et al showed a 24% 
increase in the risk of developing AOM in babies who used a paci-
fier after the age of 6 months [Relative Risk (RR): 1.24; 95% con-
fidence interval (CI): 1.06–1.46].20 One more recent cohort study 
conducted in Holland including 495 children under 4 years of age 
showed pacifier use to be a risk factor for recurrent AOM (RR = 
1.3; 95% CI: 0.9–1.9). One significant limitation of this study in 
terms of result interpretation is the fact that pacifier use was only 
analyzed at the time of enrollment, and it was not possible to estab-
lish a relationship between the child’s age, period of use and effec-
tive risk of AOM.24

Conversely, Labout et al conducted a prospective obser-
vational study on a population of 5323 children to study the 

relationship between the frequency of AOM in the second year 
of life and the presence of certain factors such as attendance of 
day-care centers, parental smoking, pacifier use, breastfeeding 
and nasopharyngeal Streptococcus pneumoniae, Haemophilus 
influenzae and Moraxella catarrhalis colonization. The only fac-
tors that correlated significantly with AOM in the second year of 
life were seen to be the presence of siblings and having an epi-
sode of AOM during the first year of life. No other associations 
were observed between pacifier use and the frequency of AOM 
(adjusted OR (OR):1.01; 95% CI: 0.88–1.16).26 The significant 
limitations of this study are the fact that the diagnosis of AOM 
was based on parental reports not confirmed by a physician and 
the fact that the time of pacifier use was not specified.

In one retrospective study conducted in Italy by telephone 
interviews with the parents of 59 children, regular use of bottles 
with push-and-pull caps was more common in children with recur-
rent AOM (50.0%) than in the control group (24.2%; P = 0.047), 
regardless of age. Pacifier use, on the other hand, was not associated 
with an increased risk of recurrent AOM.25 This study presented 
methodologic limitations, because it was based on information pro-
vided by parents, and the time of pacifier use was not specified.

The effects of reducing pacifier use were studied by Nie-
melä et al in 14 Finnish community pediatric centers,23 split into 2 
groups adjusted according to the number of children and the fami-
lies’ social and economic status. The study included 484 babies 
under 18 months of age. In one group, the parents were given an 
information sheet listing the negative effects of continuous pacifier 
use and providing helpful hints on how to limit use to the phase 
in which the baby falls asleep, whereas the control group did not 
receive any specific educational intervention. During the monitor-
ing period following the intervention, there was a 21% reduction 
in continuous pacifier use and a 29% reduction in the episodes of 
AOM in the group that received the educational intervention and a 
33% reduction amongst the babies who had not made continuous 
use of a pacifier. However, this study presents a number of limita-
tions, as it was an open-label study, and the diagnosis of AOM was 
not formulated by expert otoscope users.27

FIGURE 1. PREVENTION search strategy 
and result flow chart.
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Type of Feeding
Most studies showed prolonged breastfeeding to have a 

protective effect: one meta-analysis of observational studies (22 
studies; 14,069 children)21 showed that breastfeeding for at least 
3 months is associated with a 13% reduction in the risk of AOM 
(RR: 0.87; 95% CI: 0.79–0.95). Saarinen et al, in a cohort of 256 
children monitored from birth to the age of 3 years, state that at 
the end of the first year, the incidence of ≥2 episodes of AOM was 
6% in the group of children who were exclusively breastfed up to 
6 months and was 19% in the group of children who were bottle-
fed under 2 months of age (P < 0.05).28 Duffy et al, in one cohort 
study conducted in the United States on 306 children, observed that 
the risk of developing AOM was twice as high in babies who were 
exclusively bottle-fed for 6 months than in babies who were exclu-
sively breastfed for 6 months.29

By administering a cross-sectional questionnaire to the par-
ents of 221 Finnish children between 1 and 3 years of age attending 
day care, Hatakka et al reported that partial breastfeeding for more 
than 6 months of age is associated with a lower risk of recurrent 
AOM (aOR: 0.20; P = 0.002).30

One large prospective observational study conducted on 
5000 children in the Netherlands showed that breastfeeding prob-
ably has a protective effect [odds ratio (OR) 0.76; 95% CI: 0.61–
0.95]. This result, however, was not confirmed by the multivariate 
analysis (OR: 0.86; 95% CI: 0.63–1.16).26

One recent meta-analysis included 24 observational stud-
ies to assess the correlation between the duration and exclusivity of 
breastfeeding and the risk of AOM. The cohort studies monitored 
the children with an average follow-up until the age of 6–24 months, 
whereas the cross-sectional analyzes studied the outcomes from 12 
months to 8 years. Exclusive breastfeeding for the first 6 months 
was associated with a lower frequency of AOM before the age of 2 
years (OR: 0.57; 95% CI: 0.44–0.57) than in children who were not 
exclusively breastfed up to 6 months of age. Breastfeeding of any 
type for longer than 3–4 months was found to be associated with a 
lower risk than breastfeeding with a shorter duration (OR: 0.85, 95% 
CI: 0.70–1.02). Breastfeeding of any type or duration was associated 
with a lower risk of AOM than no breastfeeding (OR: 0.67; 95% CI: 
0.56–0.80). However, no association was reported between a longer 
duration of breastfeeding and a lower frequency of AOM, after 24 
months of life (OR: 1.03; 95% CI: 0.59–1.79). It is possible that this 
result may have been influenced by the low number of studies assess-
ing the incidence of AOM after 2 years of age.31

In one more recent prospective observational study, includ-
ing 615 children of 6–36 months of age, breastfeeding was signifi-
cantly associated with a reduction in the risk of AOM (P = 0.024); 
partial breastfeeding (for 50% of the time) up to 6 months was also 
seen to be associated with a lower risk of AOM.2

On the contrary, in one prospective observational study con-
ducted by Prins-van Ginkel et al in the Netherlands on 1056 infants 
over the age of 6 months, the population was split into 3 groups: 
never breastfed, breastfed in the current month, breastfed in the 
past. No significant difference between the 3 groups was described 
in terms of the frequency of AOM.2

To conclude, the data of the observational studies and the 2 
meta-analyses selected are concordant, with a single exception, in 
indicating that breastfeeding has a protective role with regard to the 
occurrence of AOM. However, the nonhomogeneity of the studies 
does not make it possible to precisely define the importance of the 
exclusivity and duration of breastfeeding.

Day-Care Attendance
The committee identified a number of observational stud-

ies of day-care attendance that were concordant regarding the pres-
ence of a strong association with an incremental risk of AOM, most 

likely due to the increased exposure to the main colonizing otopath-
ogens and upper respiratory tract viral agents.

In one large Dutch observational study, Labout et al did not 
observe a significant risk of AOM in children going to day care 
(OR: 0.86; 95% CI: 0.66–1.13).26

The prospective study conducted in the Netherlands by de 
Hoog et al observed 2217 children in follow-up until the age of 6 
years. Children who attended day care from their first year of life 
had a frequency of AOM that was similar to that of children who 
did not attend day care; a higher frequency of AOM was reported in 
the first year of life, whereas cases of AOM were less frequent after 
4 years of age(P < 0.001). The subgroup of children who went to 
day care at 6–12 months of age had the highest frequency of AOM, 
antibiotic prescription and doctor’s and specialist appointments.32

Prins-van Ginkel et al conducted a prospective observational 
study on 1056 children over 6 months, by interviewing their parents 
at monthly intervals regarding the occurrence of AOM and days of 
day care, antenatal and postnatal exposure to passive smoking and 
exclusive breastfeeding. This study showed that day care attend-
ance was the main risk for AOM (OR: 5.0; 95% CI: 2.6–9.6); the 
authors reported that the OR increased in an inversely proportion-
ate manner to age: for each month of life less the OR was 22% 
higher, in the first year of life.2

Csákányi et al conducted an observational study in Hungary 
on 412 babies between 6 and 18 months of age, by interviewing 
their parents. This study reported a higher number of episodes 
of AOM amongst children going to day care (OR: 2.74; 95% CI: 
1.59–4.74).33

Kaur et al conducted a prospective observational study in 
the United States between 2006 and 2016 on 615 children between 
6 and 36 months of age who had received 4 doses of pneumococcal 
conjugate vaccine (PCV)7 or PCV13. Day care was the strongest 
predictive factor for both AOM and recurrent AOM (OR 2.78; 95% 
CI: 2.19–3.52; P < 0.0001).5

On the basis of a cross-sectional questionnaire on 594 Finn-
ish children between 1 and 6 years of age going to day care, Hatakka 
et al reported that the risk of recurrent AOM in children between 1 
and 3 years was higher with an intermediate duration of day-care 
attendance (13–23 month) than with short-term attendance (0–12 
months) (OR: 3.34; P = 0.044).30 On the other hand, longer-term 
attendance (24 months) was not associated with a greater risk of 
AOM; indeed, no child with recurrent AOM belonged to the longer 
attendance group.31

The meta-analysis conducted by Zhang et al analyzed studies 
on the risk factors for chronic and recurrent otitis media, including 
a total of 24 observational studies. The analysis of 7 studies, on a 
total population of 2454 children, showed that day-care attendance 
did not have a significant impact on the risk of recurrent or chronic 
otitis media, with an OR of 1.70 (95% CI: 0.95–3.05) and P = 0.07.11

Uhari et al,21 in one case-control study in nursery schools, 
studied the impact of using hygiene measures (careful hand 
washing, use of alcohol hand rubs) on the prevalence of upper 
respiratory tract infections, including AOM: over a 15-month 
follow-up period, there was a 27% reduction in the episodes of 
AOM.20

Appropriate caregiver education regarding the management 
of respiratory infections was associated with a reduction in the 
prevalence of AOM compared with the control group (AOM: 9.5% 
vs. 27.0%; P = 0.03).35 Alexandrino et al compared the prevalence 
of AOM in 3 groups: one group in which the caregivers performed 
nasal irrigation, one group in which caregivers received education 
and were able to perform nasal irrigation and a control group. The 
combination of adequate caregiver education and performance of 
nasal irrigations was associated with a lower prevalence of AOM 
than in the control group (AOM 7.7% vs. 32.4%; P = 0.042).35
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Alexandrino et al also conducted a cross-sectional analysis 
on 6 days care centers, for a total of 152 children ≤3 years of age. 
The possible association between the frequency of AOM and risk 
factors deriving from day-care attendance (nasal cleansing method, 
number of children and size of shared facilities) and individual risk 
factors, such as age, weight and body mass index (BMI) at birth 
were analyzed. Of the factors associated with day-care attendance, 
a greater frequency of AOM was observed in children who were 
subject to nasal cleansing using a suction device. This could be 
because of the fact that the day-care staff had not received adequate 
education regarding the correct nose cleansing technique to be used 
or that they performed nasal irrigation using a suction device more 
frequently on children with AOM.36

Passive Smoking
Passive smoking favors nasopharyngeal colonization by 

otopathogens and is, therefore, a predisposing factor for the devel-
opment of AOM.37

Seven observational studies were selected that evaluated the 
association between exposure to antenatal and postnatal passive 
smoking and the risk of AOM. A clear association was reported in 
3 studies,34,39,40 whereas the correlation between the 2 factors did 
not reach statistically significant levels in 4 studies and 1 meta-
analysis.5,11,27,41,42 However, generally speaking, most of the studies 
selected have significant methodologic limitations. For example, in 
some of the studies, data were obtained through telephone inter-
views;39,41 in others, such as the meta-analysis conducted by Zhang 
et al,11 the definition of recurrent AOM (RAOM) is not clearly spec-
ified and the outcome pools RAOM and chronic exudative otitis 
media (CEOM).

More specifically, in one large Norwegian study, the inci-
dence of AOM in the first 6 months of life was seen to be 4.7% in 
babies who were not exposed, compared with 6% in those exposed 
to smoking both during pregnancy and after birth (RR: 1.24; 95% 
CI: 1.01–1.52).38 Similarly, one Hungarian study reports an asso-
ciation between passive smoking and the occurrence of more than 
2 episodes of AOM (aOR: 2.19; 95% CI: 1.17–4.07).33 In one Ira-
nian study, the incidence of recurrent AOM in children exposed to 
passive smoking reached 70.3% versus 27% in unexposed children  
(P = 0.001).39

However, this association was not observed in a study con-
ducted in Poland by interviewing 201 parents40 or in the studies 
conducted by Prins-van Ginkel et al, Labout et al and Mc Cormick 
et al. Lastly, the meta-analysis conducted by Zhang et al analyzed 
literature on the risk factors for chronic and recurrent otitis media, 
including a total of 24 observational studies. The analysis of just 2 
studies (422 children) showed that exposure to the mother’s smoke 
during pregnancy did not have a significant impact (OR: 2.34; 
95% CI: 0.64–8.54).11 Conversely, in one analysis of 6 studies (n = 
18,876), exposure to passive smoking was seen to be significantly 
associated with a higher risk (OR: 1.39; 95% CI: 1.02–1.89; P = 
0.04).11

Exposure to Outdoor and Indoor Pollutants
Some literature data suggest an association between expo-

sure to outdoor and indoor pollutants and AOM. These stud-
ies explored the effects of pollutants with regard to cytotoxicity, 
inflammation and increased mucin expression.42

One observational study conducted in the Czech Republic 
on the distribution of respiratory diseases in 2 cities with differ-
ent levels of environmental pollution showed that in the first 2 
years of life, children living in an industrial or urban area had a 
significantly higher incidence of AOM than the group living in a 
rural area (RR: 2.3; 95% CI: 1.7–4.1; P < 0.001).43 However, this 
cannot be explained exclusively by the exposure to environmental 

pollutants and may in part be influenced by greater crowding that 
promotes the spread of viral diseases of the upper airways.43One 
case-crossover study in Georgia analyzed pediatric Accident and 
Emergency Department admissions for a number of upper and 
lower respiratory tract infections, including AOM (n = 422,268). 
A weak association was reported between the concentration of O

3
, 

PM 2.5, SO
4
2−, NO

3
−, and NH

4
+ and the risk of AOM (OR: 1.059; 

95% CI: 1.042–1.077).44The retrospective study by Deng et al, con-
ducted in China, recruited 1617 children between 3 and 4 years of 
age. A parental questionnaire was used to record the prevalence 
of AOM and the degree of exposure to outdoor and indoor pollut-
ants. Antenatal and postnatal exposure to nitric oxide, sulfur diox-
ide and Particulate Matter (PM)10 particulate was estimated using 
municipal environmental data. The prevalence of AOM was seen 
to be associated with prenatal exposure to industrial environmen-
tal pollutants (aOR: 1.44; 95% CI: 1.09–1.88 for each 27 μg/m3 
increment in SO

2
) and with postnatal exposure to pollutants during 

domestic refurbishment work and wall painting (aOR: 1.62; 95% 
CI: 1.05–2.49 and aOR: 1.81; 95% CI: 1.12–2.91), especially in 
little girls.45

Girguis et al conducted an observational study in the United 
States to analyze the impact of an increase in the concentration of 
PM 2.5 on the incidence of AOM. An association was reported in 
between an increase in the concentration of PM 2.5 in the air 4 and 
7 days before the diagnosis of AOM in premature subjects alone 
(OR: 1.09; 95% CI: 1.02–1.16 and OR: 1.08; 95% CI : 1.02–1.15, 
respectively).46

Park et al studied the association between the incidence of 
AOM in children up to 15 years of age in South Korea and the 
airborne concentration of 5 pollutants including PM10 (≤10 μm 
diameter), nitric oxide (NO

2
), ozone (O

3
), sulfur dioxide and carbon 

monoxide. An association was reported with the incidence of otitis 
media at higher concentrations of these 5 pollutants than at refer-
ence values. PM10 was associated with a higher risk of OM at time 
0 (OR: 1.34; 99.9% CI: 1.17–1.54), whereas the higher concentra-
tions of NO

2
 and O

3
 are associated with a higher incidence of OM 

at an interval of 1 [OR: 1.15, 99.9% (1.09–1.22)] and 4 weeks [OR: 
1.16, 99.9% (1.07–1.25)], respectively.47

The systematic review conducted by Bowatte et al included 
24 observational studies conducted before the end of 2017 on the 
association between exposure to different types of outdoor and 
indoor pollutants and the incidence of AOM. The studies analyzed 
include 9 cohorts studies, 2 case-control studies, 4 crossover stud-
ies, 8 cross-sectional studies and 1 time series. Significant nonho-
mogeneity was observed in terms of the pollutant measurement 
strategies, time and stage of exposure, outcome and the duration 
of follow-up between the various studies. The authors, therefore, 
conclude that the evidence of a causal relationship between pollut-
ants and otitis media is still limited (very low quality according to 
AMSTAR 2 criteria).42

Obesity
Another possible risk factor for AOM could be obesity. 

Indeed, recent studies have reported a relationship between high 
BMI and Eustachian tube dysfunction that could favor the develop-
ment of AOM.48,49 Certain experts also suggest that in children with 
recurrent AOM repeated exposure to antibiotic therapy could cause 
changes in the gut microbiome that, in turn, could correlate with an 
increased risk of obesity.50

However, the clinical data available in literature is limited, 
and only 3 observational studies were included.

Alexandrino et al conducted a cross-sectional analysis on 
6 day-care centers, for a total of 152 children ≤3 years of age. The 
possible association between the frequency of AOM and risk fac-
tors deriving from day-care attendance (nasal cleansing method, 
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number of children and size of shared facilities) and individual risk 
factors, such as age, current weight and BMI at birth were analyzed. 
A significant association was observed between cases of AOM and 
BMI at birth (OR: 2.247; 95% CI: 1.011–4.992) and weight at the 
time of the study (OR: 1.607; 95% CI: 1.014–2.545).36

Sydell et al conducted an observational study in the United 
States on the clinical data of over 42 million children over 6 years 
of age, to study the possible association between obesity and AOM, 
allergic rhinitis and chronic nasal sinusitis. One multivariate analy-
sis showed a significant association between obesity and the risk of 
AOM (OR: 1.44; 95% CI: 1.08–1.93; P = 0.033).51

Seaberg et al recruited 152 children (5–18 years of age), 
recorded the number of previous episodes of AOM and BMI and 
studied chorda tympani function. No significant relationship was 
identified between chorda tympani function and history of AOM or 
between history of otitis media and BMI.52

The studies analyzing the risk of AOM in children exposed 
to the various risk factors are observational and therefore produce 
low-quality evidence, with corresponding weak recommendations. 
On the basis of the evidence available, the recommendations to 
avoid exposure to passive smoking and to favor breastfeeding are 
also weak positives; however, given the many beneficial effects 
of eliminating passive smoking and promoting breastfeeding, the 
panel expressed strong positive recommendations.

Recommendation 1
To reduce the risk of AOM, it is recommended

1.  to avoid exposure to passive smoking (strong positive recom-
mendation);

2.  to limit the use of pacifiers, especially after 6 months of age 
(weak positive recommendation);

3.  to practice exclusive breastfeeding for at least 6 months (strong 
positive recommendation);

4.  to restrict day-care attendance, especially in large groups and/or 
full-time attendance (weak positive recommendation);

5.  to perform nasal irrigations and adopt suitable hygiene meas-
ures at home and in day-care centers (especially frequent hand 
washing) (weak positive recommendation);

6.  to limit exposure to indoor and outdoor pollutants (weak posi-
tive recommendation);

7.  to monitor BMI due to a possible association between obesity 
and risk of AOM (weak positive recommendation).

An example of an educational tool that is easy for family 
members/caregivers to use is provided in Figure 2.

Question No. 2. What Role Do Influenza Vaccines 
Play in the Prevention of AOM?

The systematic review by Manzoli et al includes 11 studies, 
for a total of 11,349 children, and analyzes the efficacy of influenza 
vaccination on AOM, in terms of the incidence in the vaccinated 
group compared with the control group: in 6 studies, the inactivated 
vaccine was administered by injection, and in 5 the live-attenuated 
vaccine was administered by nebulizer.53

In 8 out of 11 studies, a relationship was reported between 
influenza vaccination and a lower incidence of AOM, whereas 
the data in the other studies indicate negative results. Overall, the 
administration of the influenza vaccine is associated with a 51% 
(95% CI: 21%–71%) reduction in the incidence of AOM in the 
influenza virus circulation period in healthy children without a his-
tory of recurrent AOM.53

Vesikari et al reported, in 951 healthy children 6–36 months 
of age attending day care, who had been administered live-attenu-
ated influenza vaccine via the intranasal route, an efficacy of over 

90% for AOM associated with laboratory-confirmed influenza 
compared with the group receiving placebo (665 children), with a 
maximum efficacy in children over 18 months.54

One study conducted in Italy reported that a significantly 
lower number of children with a history of recurrent AOM vac-
cinated with trivalent inactivated vaccine had at least 1 episode of 
AOM in the follow-up period than in the group of unvaccinated 
children (49/90, 54.4% vs. 74/90, 82.2%; P < 0.001). The average 
number of episodes of AOM, the duration of bilateral exudative 
forms and the duration of antibiotic therapy were also lower in the 
vaccinated group.55

A good-quality Cochrane systematic review conducted in 
2017 analyzed 11 trials on the efficacy of influenza vaccination 
in the prevention of AOM (6 trials in high-income countries and 
5 multicenter trials in high-, intermediate- and low-income coun-
tries) on a total of 17,123 children, between 6 months and 6 years 
of age. Vaccination was associated with at least 1 less episode of 
AOM in a 6-month follow-up period (4 trials, 3134 children; RR: 
0.84; 95% CI: 0.69–1.02). The analysis per subgroup of children 
(number of doses and type of vaccine administered) did not show 
significant differences. In vaccinated children, less use of antibi-
otics was observed (2 studies, 1223 children; RR: 0.70; 95% CI: 
0.59–0.83; RR −0.11; 95% CI: −0.16 to −0.06; medium-low qual-
ity) (Norhayati et al; high quality according to AMSTAR 2 crite-
ria).56

In the randomized, placebo-controlled, double-blind study 
conducted by Hoberman et al in 786 children between 6 and 24 
months of age, the use of inactivated vaccine in 2 consecutive 
influenza seasons was not seen to be associated with a reduced fre-
quency of AOM in the epidemic period and in the subsequent year’s 
follow-up or in children presenting at least 1 episode of AOM.57 
However, a limited circulation of influenza viruses in the 2 periods 
studied could have influenced the results.

Cuhaci Çakir et al conducted a single-blind, randomized, 
prospective study in which they recruited, between December 2009 
and April 2010, 46 children between 6 and 60 months of age, who 
were vaccinated with H1N1 pandemic vaccine and 46 unvaccinated 
children. A significant association was observed between vaccina-
tion and a lower frequency of exudative otitis media but not of cases 
of AOM.58

Heikkinen et al studied the frequency of all-cause AOM 
in children between 6 and 83 months of age vaccinated with live-
attenuated vaccine in 6 randomized, placebo-controlled studies 
and in 2 randomized studies with a control group receiving the 
inactivated vaccine. During the influenza season, the efficacy of 
vaccination with the live-attenuated vaccine compared with pla-
cebo in patients between 6 and 71 months of age (N = 9497) was 
12.4% (95% CI: 2.0%–21.6%) in the first year, and in children 
between 18 and 83 months of age (N = 4142) it was 6.2% in the 
second year (95% CI: −12.4% to 21.7%). When compared with 
the inactivated vaccine, the efficacy of the live-attenuated vaccine 
in children between 6 and 71 months (N = 9901) was 9.7% (95% 
CI: −2.1% to 20.1%).59 The same data were used to analyze the 
efficacy of the live-attenuated vaccine in the prevention of cases 
of influenza-associated AOM. The live-attenuated vaccine has 
85% efficacy (95% CI: 78.3%–89.8%) compared with placebo 
and 54.0% efficacy (95% CI: 27.0%–71.7%) compared with the 
inactivated vaccine. In the placebo-controlled trials, the frequency 
of AOM in children who developed influenza despite vaccination 
with the live-attenuated vaccine was 10% versus 17% amongst 
those receiving placebo, causing a 38% reduction in AOM (95% 
CI: 11.0%–58.2%). In the trivalent influenza vaccine-controlled 
trials, the frequency of AOM in the cases of influenza developed 
despite vaccination was similar for the 2 groups.60
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One cost-effectiveness study conducted in Germany regard-
ing the introduction of universal vaccination for children and ado-
lescents with intranasal live-attenuated vaccine showed a significant 
economic advantage due also to the reduction in cases of AOM.61

Recommendation 2
Influenza vaccination is recommended for the prevention of 

episodes of AOM (weak positive recommendation)

Question No. 3. What Role Do Antibacterial 
Vaccines Play in the Prevention of AOM?

The study by Fortunato et al reported that the universal 
pneumococcal vaccination programme introduced in Italy in 2006 
caused a significant (40%) reduction in the frequency of hospitali-
zations for AOM in children under 5 years of age, both nationwide 
and in those regions of Italy with a longer-standing vaccination his-
tory.62

Kaur et al conducted a prospective observational study in 
United States on 615 children between 6 and 36 months of age 
who had received 4 doses of PCV7 or PCV13.5 Whereas before 
pneumococcal vaccination, it was reported that 80% of children 
presented an episode of AOM within the third year of life, with a 
40% recurrence rate of ≥3 episodes, in the postvaccination era 26% 
of children presented an episode within the first year of life and 
60% in the first 3 years with a ≥3 episode recurrence rate of 24%. 
However, it must be noted that these data are undoubtedly influ-
enced also by the adoption of diagnostic criteria that have become 
more stringent over time and that may have in part contributed to 
the reduction of diagnoses.5

One study conducted in Japan compared the frequency of 
outpatient appointments and myringotomy in the pre-PCV7 and 
post-PCV7 and pre-PCV13 and post-PCV13 period and reported 
a significant reduction in the use of myringotomy but not in outpa-
tient appointments for AOM. This study, therefore, concluded that 
the vaccine had been efficacious in reducing the clinical severity 
of episodes in children 1 to 5 years of age.63 A similar finding is 

reported in one large epidemiologic study conducted in Sweden, in 
which, following the introduction of pneumococcal vaccination on 
a vast scale, the incidence of all-cause AOM underwent a signifi-
cant 41.5% and 20.9% reduction in children under and over 4 years 
of age, respectively.64

Similarly, a number of other epidemiologic studies con-
ducted in various other countries reported a reduction in the inci-
dence of AOM, the use of antibiotics and/or insertion of grommets 
in the postpneumococcal vaccination era [PCV7, protein D–conju-
gate vaccine (PHiD-CV) 10 or PCV13).65–73

According to the systematic review by Taylor et al, the effi-
cacy of vaccination with PCV7 on cases of all-cause AOM was 
0%–9% in randomized clinical trials and 7%–23% in observational 
studies. However, the number of doctor’s appointments for AOM 
had started to drop in the 3–5 years prior to the introduction of 
PCV7. Therefore, in addition to pneumococcal vaccination, other 
factors could have contributed to the reduction in the incidence of 
AOM (very low quality according to AMSTAR 2 criteria).74

The Cochrane review by Fortanier et al included 9 rand-
omized, controlled, blinded studies of which 5 studied vaccination 
within the first year of life in healthy children and 4 in children 
1–7 years of age who were healthy or had a history of respiratory 
disease with or without a history of AOM, for a total of 48,426 
children. The vaccines studied were H. influenzae protein D–conju-
gate PCV7, PCV9 and PCV11. The primary outcome studied was 
the frequency of all-cause AOM. PCV7 had a modest effect with a 
relative risk reduction (RRR) of 7% when administered during the 
first year of life to children with a low risk of AOM. The RRR with 
PCV7 and PCV11 was lower for AOM caused specifically by S. 
pneumoniae (RRR: 20%–52%). A greater efficacy was reported for 
the PCV11 vaccine for cases caused by nontypeable H. influenzae 
(NTHi). The administration of the PCV7 vaccine to children over 1 
year was not associated with a reduction in risk, whereas the admin-
istration of the PCV9 vaccine was associated with a reduction in the 
risk of all-cause AOM in the group of older children. Some studies 
also evaluated the effect on cases of RAOM. The administration of 

FIGURE 2. Risk factors daisy: 
the yellow petals represent the 
unmodifiable risk factors, and 
the green petals the modifiable 
risk factors.
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PCV7 was associated with a significant reduction (RRR: 9%–10%) 
in the cases of RAOM for the group of children under 1 year of age 
only (high quality according to AMSTAR 2 criteria).75

The meta-analysis by Ewald et al assessed 21 randomized 
controlled trials published before the end of 2014, of which 12 
included children under 2 years of age, 2 included children between 
2 and 15 years of age, 2 studies were conducted in subjects between 
16 and 59 years and 5 studies involved subjects over 60 years of 
age, for a total population of 361,612 subjects. Vaccination with 
PCV was associated with a reduction in the risk of all-cause AOM 
(RR: 0.93; 95% CI: 0.86–1.00; P = 0.038). PCV was also seen 
to be associated with a reduction in the episodes of AOM deter-
mined by the serotypes included in the vaccine (RR: 0.51; 95% CI: 
0.43–0.60, P < 0.001). No significant effect was reported regarding 
the cases of RAOM (RR: 0.87; 95% CI: 0.72–1.05) (low quality 
according to AMSTAR 2 criteria).76

Gisselsson-Solén et al conducted a controlled, randomized, 
open-label study on 96 children with a history of a first episode 
of AOM within the first 6 months of life and, therefore, a high 
risk of RAOM; 46 had been vaccinated with PCV7, 50 had not 
been vaccinated. The authors reported a reduction in the number 
of episodes of AOM of 26% (P = 0.03), in the number of out-
patient appointments of 36% (P = 0.01) and in the insertion of 
grommets of 50% (P = 0.02) in the vaccinated group.77 The same 
authors subsequently conducted a single-blind randomized study 
(vaccine vs. placebo) in children with a history of a first episode 
of AOM in the first 6 months of life and, therefore, a high risk of 
RAOM, for a total of 109 children, of whom 52 vaccinated and 
57 not vaccinated. Healthy condition nasopharyngeal swabs were 
taken for cases of AOM, and no significant difference was reported 
between the colonization of the 2 groups or in terms of the resist-
ant strains.78

When PCV7 was administered to children who already had 
RAOM, the vaccine was not seen to reduce the risk of new epi-
sodes, probably because the late administration had little influence 
on nasopharyngeal pneumococcal colonization.75–80

The PHiD-CV pneumococcal vaccine, in which H. influen-
zae protein D is the transport protein, demonstrated efficacy in the 
reduction of all-cause AOM of 33.6%, a 57.6% reduction in those 
forms caused by pneumococcal serotypes and a 35.3% reduction 
for AOM caused by NTHi.81

Tregnaghi et al conducted a large-scale trial in Latin Amer-
ica including 7359 children to establish the efficacy of the PCV10 
H. influenzae PHiD-CV in terms of the reduction in cases with a 
clinical diagnosis of AOM. The efficacy of the vaccine in reducing 
the number of first episode of AOM was 16% for all-cause AOM 
and 67% for cases of AOM caused by the pneumococcal serotypes 
included in the vaccine.82 Similar results were reported in Chile.83

The randomized double-blind study conducted by Palmu 
et al in Finland studied the efficacy of vaccination with PHiD-
CV 2 + 1 and 3 + 1 in terms of a reduction in severe pneumococcal 
infections, including cases of AOM. This study recruited 47,000 
children and showed that vaccination with PHiD-CV, started within 
the first 12 months of life was efficacious with both the 3 + 1 and the 
2 + 1 regimens.84 In the same population, an albeit not statistically 
significant reduction in the insertion of grommets compared with 
the control group was also observed.85,86 This reduction was backed 
up by the statistically significant values of the study subsequently 
published by the same authors.87

The prospective observational study by Oliveira et al con-
ducted in Brazil on 422 children analyzed the association between 
the frequency of AOM and PHiD-CV vaccination. Vaccination with 
PHiD-CV was seen to be inversely proportionate to the frequency 
of AOM [OR (95%CI): 0.16 (0.05–0.52)] (low quality).88

Sáez-Llorens et al conducted a randomized double-blind 
study in which 7359 children were randomized to receive PHiD-
CV or the control vaccine at an age of 2 or 4 or 6 and 15–18 
months. For an average follow-up period of 32 months, samples of 
intratympanic fluid were collected in the case of a clinical diagnosis 
of AOM. The administration of PHiD-CV–conjugate vaccine was 
associated with efficacy against the first episode of AOM (clinical 
diagnosis) (24.0%; 95% CI: 8.7–36.7) and microbiologic diagnosis 
(B-AOM) [48.0% (20.3–66.1)] in children under 24 months of age, 
with a reduction in efficacy with an increase in age. Efficacy was 
greater in the prevention of the severe forms compared with the 
moderate forms [vaccine efficacy for moderate AOM 7.7% (-6.1 
to 36.2) and for severe AOM 32.7% (-20.5 to 62.4) 7.7% (−6.1 to 
36.2); severe VE: 32.7% (−20.5 to 62.4)]. Efficacy was significant 
in the prevention of episodes of AOM caused by the pneumococcal 
strains included in the vaccine, but not for NTHi.89

The review by Clarke et al analyzed 5 randomized controlled 
trials on the efficacy of the PHiD-CV vaccine in preventing NTHi 
infections of the upper airways and in modifying nasopharyngeal 
colonization.90–92 Overall, protein D appears to be able to stimu-
late immune response and reduce the incidence of NTHi AOM. A 
reduction in NTHi colonization was observed, albeit short-lived. 
Therefore, this vaccination does not seem to induce herd immunity 
to this agent.91

The retrospective observational study conducted by 
Eythorsson et al in Iceland on data regarding appointments for 
AOM between 2008 and 2015 reported a reduction in the num-
ber of appointments for AOM [from 47.5 to 33.9 visits per 1000 
person-years; incidence rate ratio (IRR): 0.86; 95% CI: 0.81–0.91; 
P < 0.001] and a reduction in the use of ceftriaxone (6.49 to 2.96 
therapies per 1000 person-years; IRR: 0.45; 95% CI: 0.37–0.54,  
P < 0.001) after the introduction of the PHiD-CV vaccine. The 
reduction in the use of ceftriaxone was used as an indirect indica-
tor of the therapeutic failure attributable to the diffusion of resist-
ant strains.92 The same group conducted a retrospective study on 
appointments for AOM conducted between 2005 and 2015 and 
reported a reduction in the number of appointments for AOM after 
the introduction of PHiD-CV, with an effect on the first episode 
(hazard ratio: 0.84; 95% CI: 0.82–0.86) and on the second episode 
(hazard ratio: 0.95, 95% CI: 0.93–0.98) of AOM, but not on sub-
sequent episodes.93 Similar results were published previously in 
2015.94 The same group also monitored in follow-up from birth 
53,510 children and recorded the incidence of AOM in the cohort 
of children vaccinated and not vaccinated with PHiD-CV. In the 
group of vaccinated subjects, the frequency of antibiotics prescrip-
tions for AOM was significantly lower, with an impact of 21.8% 
(95% CI: 11.5%–30.9%).95 Cost-effectiveness studies conducted in 
a number of countries are available and demonstrate the advantage 
of using the PHiD-CV vaccine in terms of a reduction in the costs 
generated by cases of AOM.96,97

The 13-valent pneumococcal–conjugate vaccine is com-
posed of the capsular polysaccharide transport protein of PCV7 
but contains 6 additional serotypes. It is the only one to include 
serotype 19 A, identified as the most important cause of inva-
sive pneumococcal disease, including mastoiditis.98 Furthermore, 
whereas the PCV10-conjugate vaccine is able to modify the naso-
pharyngeal colonization to the same extent as PCV7, PCV13 sig-
nificantly reduces the colonization of the 1, 6A, 7F, 6C, 10A, and 
19F serotypes.99 One study conducted in Italy on 177 children in an 
area with high PCV13 vaccine coverage presenting otorrhea dur-
ing AOM required a culture text to be performed on the exudate. 
S. pneumoniae was isolated in 27% of children. In 77% of cases, 
these were serotypes not included in the PCv13 vaccine.100Lau et 
al, in a large observational study conducted in the United Kingdom, 
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showed that the introduction of vaccination with PCV7 was associ-
ated with a significant 22% reduction in cases of otitis media in 
children under 10 years of age. A further 19% reduction occurred 
following the introduction of vaccination with PCV13.101

Ben-Shimol et al conducted a prospective observational 
study in Israel by recruiting all the cases of AOM for which an 
intratympanic fluid test had been requested in children under 3 
years of age, from 2004 to 2015. Three periods were established: 
pre-PCV, PCV7, and PCV13 and the incidence of cases of AOM 
caused by S. pneumoniae, NTHi, Moraxella catarrhalis and Strep-
tococcus pyogenes and cases of AOM with a negative culture were 
analyzed. This study reported a reduction in cases of AOM, both 
those caused by pneumococcus and with a different bacterial eti-
ology. The authors hypothesized that protection towards cases 
of early AOM may result in the prevention of subsequent forms 
caused by other agents.102

The retrospective observational study by Marom et al com-
pared the frequency and characteristics of hospitalizations associ-
ated with a diagnosis of AOM and acute mastoiditis in children 
under 1 year of age in the pre-PCV13 period (2010–2011) with 
the frequency in the post-PCV13 period (2012–2015), reporting a 
reduction in the duration of hospitalization and the frequency of 
acute mastoiditis after the introduction of PCV13 compared with 
the previous period.103 The same authors reported a greater preva-
lence of penicillin-sensitive pneumococcal strains in the exudate 
samples of children vaccinated with PCV7 or PCV13 compared 
with those not vaccinated.104

Kawai et al conducted a retrospective observational study in 
the United States to analyze the impact of pneumococcal vaccina-
tion on the number of outpatient appointments for suspected AOM. 
Compared with the pre-PCV7 period, in the post-PCV13 period, 
the frequency of outpatient appointments for AOM was 51% (95% 
CI: 42%–58%) lower in children under 2 years and 37% (95% CI: 
23%–48%) lower in children between 2 and 4 years. This finding is 
probably influenced by the greater diagnostic accuracy developed 
gradually over the years.105

Conflicting results were reported in the United States by 
Talathi et al. Unlike the role of PCV13 in reducing invasive pneu-
mococcal disease, the effect in reducing the incidence of AOM 
(26.4%) was minimal compared with that determined by PCV7 
(26%) (OR:1.02; 95% CI: 0.65–1.60).106 However, this study uses 
the presence of otorrhea and bulging as the only diagnostic criteria 
for AOM, and in the absence of these parameters, exudative OM 
was diagnosed. Therefore, the results could be affected by the defi-
nition of AOM and should be interpreted with caution.106

Rybak et al conducted a cross-sectional study for the period 
2001–2016 on nasopharyngeal S. pneumoniae, H. influenzae and 
Moraxella catarrhalis colonization comparing the frequency of 
colonization in the pre-PCV13 period and that of the post-PCV 13 
period (from 2013). This study reported a significant reduction in 
the penicillin-resistant strains of S. pneumoniae and, on the other 
hand, an increase in colonization by beta-lactamase–producing H. 
influenzae strains.99

Pichichero et al conducted a prospective observational study 
in the United States by recruiting, between 2010 and 2013, healthy 
children vaccinated with PCV 13 and examined as outpatients for a 
suspicion of AOM. Tests were performed on the serotypes present 
in the intratympanic fluid and compared with those of a group of 
children vaccinated with PCV7 and recruited between 2007 and 
2009. PCV13-specific serotypes were isolated in 8% of the sam-
ples of the group vaccinated with PVC13 compared with 52% of 
the samples collected in the group vaccinated with PCV7, with an 
86% reduction (95% CI: 61–94; P = 0·0010). The most significant 
reduction was that in serotype 19 A, of 91% (58–97; P = 0·0010).107

A number of cost-effectiveness studies are also available for 
different countries and show an advantage of using PCV13 in terms 
of a reduction in the costs generated by cases of AOM in vaccinated 
and non-vaccinated children.109–112 In a number of countries such 
as Canada, Peru, Colombia, Sweden, Italy and Denmark, vaccina-
tion with PCV13 has a cost-effectiveness that is greater than that of 
PHiD-CV.113–118

In other countries such as New Zealand and Japan, on the 
other hand, the cost-effectiveness of PHiD-CV has been reported as 
being greater than that of PCV13.119,120 On the basis of this result, 
in 2017, in New Zealand PCV13 was replaced by PHiD-CV.119 In 
Croatia, the cost-effectiveness analysis did not show any advantage 
in the use of pneumococcal vaccination, PHiD-CV or PCV13.120

To conclude, the overall analysis of the evidence shows that 
pneumococcal vaccination is efficacious for prevention in the first 
year of life, on the basis of the Cochrane review by Fortanier et al 
and a subsequent good-quality RCT.83 As far as the prevention of 
recurrences is concerned, the Cochrane review and a good-quality 
RCT87 do not show a certain advantage in terms of significance 
with the use of conjugate vaccination, whereas 1 RCT of an inter-
mediate quality not included in the Cochrane review77 and a num-
ber of observational studies show consistent results in terms of a 
reduction in the incidence of AOM.

Recommendation 3
It is recommended to perform pneumococcal vaccination to 

prevent the first episode of AOM (strong positive recommendation) 
and recurrences (weak positive recommendation)

Question No. 4 What Is the Role of 
Tympanostomy?

The insertion of grommets for the surgical prophylaxis of 
recurrent AOM is a controversial subject. Tympanostomy has been 
extensively studied for the prevention of exudative otitis media in 
the presence or absence of AOM.80,121

The placement of grommets is extensively used for both 
exudative OM and RAOM.122–124

Randomized studies have compared the number of episodes 
of AOM after tympanostomy and in the absence of surgery. Two 
RCTs showed a reduction in the number of episodes of AOM fol-
lowing tympanostomy with a 6-month follow-up.124,125 One rand-
omized study compared the frequency of AOM in 3 groups: the first 
receiving placebo, the second receiving prophylaxis with amoxicil-
lin and the third undergoing tympanostomy. This trial showed, on 
the one hand, a lower frequency of AOM in the children receiving 
antibiotic prophylaxis and, on the other, no significant difference 
between those receiving tympanostomy and the placebo.126

One nonrandomized multicenter study showed an improve-
ment in the quality of life in terms of an improvement in hearing, 
emotional stress and caregiver concerns.

The insertion of grommets was seen to be associated with 
complications such as anatomical changes in the tympanic mem-
brane, focal atrophy, tympanosclerosis (32%) and chronic perfora-
tion in 2.2 % of cases of short-term grommets and 16% of cases of 
long-term grommets.127

The systematic review by Lous et al included 5 RCTs, of 
which 3 were antibiotic therapy-controlled, 2 were placebo-con-
trolled and 2 had control groups that did not receive treatment, for a 
total of 519 children. Tympanostomy was able to prevent an episode 
of AOM or prevent one child in every 2–5 treated children from 
having another episode of AOM. Similar results were reported after 
6 months of antibiotic prophylaxis (moderate quality according to 
AMSTAR 2 criteria).128 The systematic review by Hellström et al 
analyzed 63 randomized and nonrandomized studies, to evaluate 
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the efficacy of tympanostomy in terms of a reduction in episodes 
of AOM and improvement in quality of life. The authors concluded 
that the evidence available was inadequate for supporting the effi-
cacy of tympanostomy for RAOM (very low quality according to 
AMSTAR 2 criteria).129

Kujala et al conducted a randomized study in Finland on 
300 children between 10 months and 2 years of age, with recurrent 
AOM without chronic exudate. The population was randomized 
to 3 groups: the first receiving grommets and adenoidectomy, the 
second receiving grommets alone and the third acting as a control 
group. The children were followed up for 12 months. The primary 
outcome was therapeutic failure, defined by at least 2 episodes of 
AOM in 2 months, 3 episodes in 6 months or persistent middle 
ear effusion for 2 months. Failure was significantly less frequent 
for cases treated with grommets and adenoidectomy (−18%; 95% 
CI: −30 to −6%; P < 0.004) and the placement of grommets alone 
(−13%; 95% CI: from −25% to −1%; P < 0.04) compared with the 
control group. The number of episodes of AOM in the 3 groups 
was also analyzed. A significant reduction in the number of cases 
of AOM was observed following the insertion of grommets with 
or without adenoidectomy of 46% and 32% respectively, com-
pared with the control group, as well as a significant increase in 
the time to occurrence of a new episode of AOM amongst those 
who received grommets alone and the control group (P = 0.01) and 
the group treated with grommets and adenoidectomy (P = 0.002) 
compared with the control group.120 However, this study was char-
acterized by a number of limitations: the presence of spontaneous 
perforation and adenoid hypertrophy observed by endoscopy was 
not analyzed and, therefore, the groups could not be compared. Fur-
thermore, the time for which the grommets remained in place, and 
the presence of otorrhea from the tube were not considered. The 
same group compared the improvement in quality of life after the 
placement of grommets with or without adenoidectomy. The over-
all score and caregiver concern parameters improved over time but 
without a significant difference between the 2 groups.131

The meta-analysis by Steele et al included studies analyz-
ing the efficacy of grommet placement in children with CEOM (54 
studies) and RAOM (8 studies). It was reported that the children 
with CEOM treated by tympanostomy, when compared with those 
who were followed by watchful waiting, presented a clear reduc-
tion in auditory threshold at a follow-up of 1–3 months but not of 
12–24 months. In the population of children with recurrent AOM, 
those who received grommets presented fewer episodes of AOM, 
than observed with watchful waiting and placebo; however, this 
evidence is based on limited sample sizes.132

The meta-analysis by Mikals evaluated the efficacy of 
combining the adenoidectomy procedure with the placement of 
grommets. The primary outcome was the number of repeat tym-
panostomy procedures; the secondary outcomes were the number 
of episodes of RAOM, exudative otitis media and otorrhea. The 
combination with adenoidectomy was seen to be associated with 
fewer repeat tympanostomy procedures in children over 4 years of 
age. However, there were no differences in terms of episodes of 
RAOM.133

The Cochrane review by Venekamp et al analyzed 5 RCTs 
(805 children) comparing bilateral grommet insertion with and 
without adenoidectomy with watchful waiting, antibiotic prophy-
laxis or placebo, in children up to 16 years of age. The outcomes 
assessed were the proportion of children without episodes of AOM 
at 3–6 months’ follow-up and the absence of persistent tympanic 
membrane perforation. The secondary outcome analyzed the fre-
quency of children with recurrence after more than 12 months, the 
total number of episodes of AOM, quality of life, the presence of 
tympanic exudate and other adverse events. The authors concluded 

in favor of a slight reduction in the recurrence of AOM in children 
who received grommets compared with watchful waiting and pla-
cebo, with a 1.5 reduction in the episodes of AOM in the 6 months 
following surgery, compared with watchful waiting (high quality 
according to AMSTAR 2 criteria).130–134

Recommendation 4
Grommets can be inserted in selected cases of recurrent 

AOM that did not respond to all other prevention strategies (weak 
positive recommendation).

Question No. 5 What Is the Role of Antibiotic 
Prophylaxis?

For years, antibiotic prophylaxis was considered a primary 
option for the prevention of AOM, with the rationale of reducing 
nasopharyngeal bacterial colonization and consequently reducing 
the frequency of AOM. However, it has now been extensively dem-
onstrated that upper airway viral infections are the main cause of 
AOM.135 Therefore, the efficacy of the use of antibiotics for treat-
ment and prophylaxis was questioned and has been extensively 
studied.

In older studies, antibiotic prophylaxis (penicillin V, amoxi-
cillin or azithromycin) was administered intermittently, whereas 
more recent studies have analyzed the efficacy of continuous proph-
ylaxis for the entire duration of the winter period or for 1 year.136–141

The Cochrane review by Leach et al included 16 randomized 
controlled trials of which 14 were blinded, for a total of 1461 chil-
dren, on the use of continuous antibiotic prophylaxis for at least 6 
weeks compared with placebo or no treatment for the prevention 
of AO and CEOM. All the children were at risk of AOM or had a 
history of RAOM. The antibiotics used were sulfisoxazole (25–50 
or 75 mg/kg/day), trimethoprim-sulfamethoxazole (12 mg/kg/day), 
amoxicillin (20 or 50 mg/kg/day), penicillin V (25 mg/kg/day) usu-
ally for 3–6 months, administered as 1 or 2 daily doses. Two hun-
dred ninety-three out of 800 children (37%) in the treated group 
and 368/661 (56%) in the control group experienced at least 1 epi-
sode of AOM during the intervention period, with an RR of 0.65 
(95% CI: 0.53–0.79). A 21% reduction was estimated, meaning that 
5 children would have to be treated (95% CI: 4–6) to prevent 1 
child from experiencing an episode of AOM during prophylaxis. It 
was also reported that antibiotic prophylaxis was associated with an 
average of 1.5 fewer episodes of AOM per year of prophylaxis, dur-
ing the treatment (high quality according to AMSTAR 2 criteria).142 
However, the results of this meta-analysis must be interpreted with 
caution because the studies included had different inclusion crite-
ria, used different types of antibiotics and had variable follow-up 
periods. Furthermore, most of the studies were conducted prior to 
the introduction of pneumococcal vaccination.

The systematic review by Cheong et al included 4 studies 
comparing the use of antibiotic prophylaxis and placebo in the pre-
vention of AOM in terms of the reduction in recurrence, the fre-
quency of cases of AOM and the total time with AOM. Although 
it was not possible to conduct a pooled-analysis, it was reported 
that antibiotic prophylaxis is an efficacious method for preventing 
recurrences (3 studies), the frequency of cases of AOM (2 studies) 
and the total time with AOM (2 studies) and a better efficacy than 
the placement of grommets and adenoidectomy (very low quality 
according to AMSTAR 2 criteria).143

To conclude, a number of studies show a statistically sig-
nificant reduction in the number of episodes of AOM compared 
with placebo. However, the clinical relevance of these results is 
controversial in literature, considering also the limited number of 
events of AOM prevented over a long period of time, the risk of 
adverse events and the possibility of selecting resistant bacteria. 
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Furthermore, most of the studies were conducted prior to the intro-
duction of pneumococcal vaccination.

Recommendation 5
Antibiotic prophylaxis is not recommended for the preven-

tion of recurrent AOM, except in certain carefully selected cases 
(weak negative recommendation).

Question No. 6. What Is the Role of Xylitol?
Xylitol is a pentitol that occurs naturally in fruits such as plums, 

strawberries and raspberries. It is a noncaries-producing sweetener that 
is extensively used in the manufacture of chewing gum, toothpaste and 
medicinal products. Some data present in literature suggest that the 
addition of 1% to 5% of xylitol to culture medium is associated with a 
reduction in in vitro growth and that exposure to 5% xylitol is associ-
ated with a reduction in the cell adhesion of S. pneumoniae.144,145 The 
meta-analysis by Danhauer et al, which included 4 RCTs, concluded 
in favor of a significant efficacy of xylitol in the prevention of cases of 
AOM (RR: 0.68; CI: 0.57–0.83) (low quality).146

The more recent Cochrane review conducted in 2016, iden-
tified 3 RCTs for a total of 1826 healthy Finnish children attending 
day care. The group treated with xylitol (in any formulation) for 
2–3 months presented a lower incidence of AOM than the control 
group (RR: 0.75; 95% CI: 0.65–0.88). It was also reported that 
in children under 2 years of age, and who were not therefore able 
to use chewing gum, the use of a solution containing xylitol was 
seen to be associated with a 30% reduction in the risk of AOM. In 
studies including older children, who were able to chew gum, the 
reduction in the risk of AOM was 41%. The use of xylitol for a 
short period, only during an acute respiratory tract infection or in 
children with a high risk of AOM alone, on the other hand, was not 
associated with a reduction in the frequency of AOM (high qual-
ity according to AMSTAR 2 criteria).147 This meta-analysis has a 
number of limitations: the average age of the children included 
was higher than that of the children who usually experience AOM, 
as children under 2 years of age were not included; furthermore, 
the administration regimen applied in the included studies is not 
practical in daily life (eg, administration 5 times a day after meals 
for 5 minutes).

The randomized controlled trial conducted by Vernacchio et al 
analyzed the efficacy of the administration of a xylitol 5 g solution 3 
times a day, in terms of the reduction in the incidence of AOM in chil-
dren 6 months to 5 years of age with risk factors for AOM. In all 326 
children were recruited, 160 treated with xylitol and 166 with placebo. 
No differences were observed in the 2 groups in the incidence of AOM 
or in terms of the use of antibiotic therapy after 90 days of therapy.148

To conclude, the data available suggest that the use of xylitol 
could prevent the onset of AOM and that the chewing gum/ tablet for-
mulation is more efficacious than the syrup formulation. However, 
there are certain practical aspects to be considered: children under 
2 years of age, who are those at the greatest risk of AOM, cannot 
use these formulations safely. Furthermore, to be efficacious, xylitol 
should be administered frequently, 3 to 5 times a day.80,147

Recommendation 6
The use of xylitol, in any formulation, is not recommended 

for the prevention of AOM (weak negative recommendation).

Question No. 7. What Is the Role of Probiotic 
Administration?

There are few available studies analyzing the efficacy of pro-
biotics in the prevention of respiratory tract infections, in particular 
AOM, and those available are often contradictory.149–152

In some randomized, double-blind, placebo-controlled stud-
ies, the reduction observed in the incidence of AOM was nonsig-
nificant or only marginal.152–155

One randomized, double-blind, placebo-controlled study 
reported that the recurrence of AOM in children administered one 
capsule of probiotics a day (Lactobacillus rhamnosus GG and 
LC705, Bifidobacterium breve 99 and Propionibacterium freuden-
reichii JS) was similar to that amongst children receiving placebo.152

In one randomized, double-blind, placebo-controlled study 
conducted in Finland, 72 children were randomized to daily probi-
otic administration (L. rhamnosus GG and Bifidobacterium lactis 
Bb-12) or placebo for 12 months. The group treated with probiotics 
was associated with a lower incidence of AOM (RR: 0.44; 95% CI: 
0.21–0.90) P = 0.014) and with a significantly lesser use of antibi-
otics (RR: 0.52; 95% CI: 0.29–0.92; P = 0.015). On the other hand, 
no change was reported in pharyngeal S. pneumoniae or H. influen-
zae colonization, whereas there was an increase in M. catarrhalis 
colonization (OR: 1.79).153

In one randomized, double-blind, placebo-controlled trial, 
224 children (7–13 months of age) at a high risk of AOM were ran-
domized to receive formula supplemented with probiotics (Strepto-
coccus thermophilus CC 2496, Streptococcus salivarius DSM 13084 
and L. rhamnosus LPR CGMCC 1.3724) and prebiotics (Raftilose/ 
Raftiline) or to receive normal formula alone. During the follow-up 
period, the 2 groups did not show significant differences in terms 
of incidence in AOM (IRR: 1.0; 95% CI: 0.8–1.2), respiratory tract 
infections (IRR: 0.9; 95% CI: 0.7–1.2) or frequency of antibiotic 
therapy (IRR: 1.0; 95% CI: 0.8–1.2), which was prescribed above 
all for cases of AOM. Neither was there evidence of a difference in 
the composition of nasopharyngeal colonization in the 2 groups.154

The meta-analysis of 4 RCTs by Liu et al, on the other hand, 
reported a reduction in the risk (RR: 0.76; 95% CI 0.64–0.91) of 
AOM in 1805 children 0 to 18 years of age taking probiotics con-
taining L. rhamnosus GG versus placebo.155

Some studies have analyzed the efficacy of topical probiot-
ics administered by nasal spray. The most extensively studied organ-
ism is Streptococcus α-haemoliticus (AHS), an infectious agent with 
a low pathogenic power able to interfere with the replication of the 
nasopharyngeal pathogens commonly associated with AOM.156 The 
administration of this probiotic has yielded promising preliminary 
results. In one randomized study, 43 children were administered 4 
months’ treatment with a nasal spray containing 5 strains of AHS ver-
sus nasal spray with placebo (158). The proportion of children with 
RAOM was similar in the 2 groups (AHS: 44%; placebo: 40%), and no 
difference in terms of nasopharyngeal colonization was observed.157

Prophylaxis with certain strains of AHS was abandoned due 
to the possibility of causing infections.158

More recently, literature has focused on S. salivarius, an 
AHS isolated from healthy subjects and never associated with 
infection. S. salivarius is a potential nasopharyngeal probiotic due 
to its immunomodulatory, anti-inflammatory and bactericidal prop-
erties and its good safety profile.159

Studies on the efficacy of S. salivarius 24 SMB have yielded 
promising results.160,161 In one randomized controlled study, 100 
bambini with a history of RAOM were randomized to receive nasal 
spray with S. Salivarius 24 SMB or with placebo in each nostril 
twice a day for 5 consecutive days for 3 consecutive months and 
were monitored through monthly visits and in the case of fever or 
symptoms compatible with AOM for 6 months. No significant dif-
ference was observed in terms of the number of children who devel-
oped at least 1 episode of AOM between the 2 groups. However, 
considering the children with S. salivarius 24 SMB colonization 
alone, the number of episodes of AOM was significantly lower than 
in uncolonized children (42.8% vs. 13.6%; P = 0.03); similarly, the 
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use of antibiotic therapy was lower amongst colonized children than 
uncolonized ones (67.8% vs. 95.5%; P = 0.029). In a low-quality 
retrospective observational study by La Mantia et al, children with 
a history of RAOM were randomized to receive, in the case of an 
episode of AOM, antibiotic therapy alone (group A) or antibiotic 
therapy followed by administration of a nasal spray containing S. 
salivarius 24 SMB for 3 months (group B). The primary outcome 
was to evaluate the number of episodes of AOM the following win-
ter. Seventy-four children (68.5%) in group A versus 15 (9.4%) in 
group B showed the same number of episodes of AOM as observed 
in the same period of the previous year, P < 0.0001. Furthermore, 
the intergroup analysis showed a significant difference in terms of 
the number of episodes of AOM (P < 0.0001).160 Arbitrary, open-
label randomization and the absence of a true control group reduce 
the quality of this evidence. One retrospective Italian study includ-
ing 133 children (3–14 years) treated with S. salivarius K12 for 3 
months reported a 70% reduction in episodes of otitis compared 
with the previous season.162 However, the retrospective design and 
the absence of a control group are limitations to this study.

Recommendation 7
The use of oral probiotics for the prevention of AOM is not 

recommended (weak negative recommendation).
The use of topical probiotics for the prevention of AOM is 

not recommended on the basis of the limited evidence available 
(weak negative recommendation).

Question No. 8. What Is the Role of Vitamin D 
Supplementation?

Various studies have analyzed the effects of vitamin D 
supplementation on a number of recurrent respiratory tract infec-
tions.163,164 Data regarding the prevention of AOM is still limited.

Cayir et al conducted a randomized, single-blind, case-
control study, including children with AOM and a control group of 
healthy children. A total of 169 children were recruited, 88 cases 
and 81 controls, split into 2 groups according to the baseline serum 
level of 25 OH vitamin D. The number of children with a deficiency 
(<15 ng/dL) was significantly higher in the group of children with 
AOM than in the control group (P < 0.004).165

The meta-analysis by Li et al analyzed 5 studies (4 in pedi-
atric populations and 1 in an adult population), for a total of 16,689 
subjects who underwent vitamin D testing. The participants with 
AOM had lower 25 OH vitamin D levels than those without AOM. 
More specifically, the group of participants with AOM but not 
CEOM was associated with lower 25 OH vitamin D levels.166

In one Italian randomized, double-blind, placebo-controlled 
trial, in children with a history of AOM 1–5 years of age, the num-
ber of children with AOM was significantly lower in the group 
receiving 1000 IU/day of vitamin D

3
 from November to March, 

compared with the control group (P = 0.03). Furthermore, the dif-
ference was seen to be significant for children with prior uncom-
plicated AOM (P < 0.001), but not for children with a history of 
episodes associated with spontaneous otorrhea.167

Recommendation 8
The use of vitamin D for the prevention of AOM is not rec-

ommended on the basis of the limited evidence available (weak 
negative recommendation).

Question No. 9. What Is the Role of Other 
Complementary Therapies?

The use of complementary and alternative medicine has 
been proposed as an alternative option or supplement to conven-
tional antibiotic prophylaxis.168–169

One randomized, controlled, open-label study studied the 
efficacy of a traditional Japanese product, juzen-taiho-to, for the 
prevention of AOM in children at risk. The episodes of AOM were 
57% lower than amongst the children who received conventional 
prophylaxis alone (0.61 ± 0.54 vs. 1.07 ± 0.72 AOM episodes/
month P = 0.005).170

One Cochrane review on the use of Zinc supplementation 
included 10 studies conducted in intermediate- and low-income 
countries, for a total of 6820 children under 5 years of age, to whom 
Zinc was administered to prevent pneumonia. The evidence of the 
efficacy of Zinc in reducing the incidence of AOM is ambiguous. 
Supplementation appeared to be efficacious in a group of children 
treated for severe malnutrition; however, this finding is based on a 
small trial (39 children) and should, therefore, be interpreted with 
caution (high quality according to AMSTAR 2 criteria).171

Although some trials have analyzed the use of complementary 
therapies for the prevention of AOM, the studies available are bur-
dened by significant methodologic limitations, and it is not possible to 
reach definitive conclusions regarding their safety and efficacy.

Recommendation 9
The use of complementary therapies for the prevention of 

AOM is not recommended on the basis of the limited evidence 
available (weak negative recommendation).

DISCUSSION AND CONCLUSIONS
In this version of our guidelines, there is no change in the 

recommendation regarding pneumococcal vaccination.
As indicated in the previous version, we recommend limit-

ing/eliminating exposure to a number of risk factors, such as day-
care attendance in the first year of life, passive smoking and paci-
fier use. The recommendation to limit exposure to environmental 
pollutants has been added. The promotion of breastfeeding and 
hygiene measures at day care are once again proposed.

In this update, specific questions were added regarding the 
efficacy of grommets and antibiotic prophylaxis, vitamin D, xylitol 
and probiotic supplementation and complementary therapies. 
Grommets can be inserted in selected cases of recurrent AOM that 
did not respond to all other prevention strategies. Antibiotic proph-
ylaxis is not recommended for the prevention of recurrent AOM, 
except in certain selected cases. The use of probiotics, vitamin D, 
xylitol and complementary therapies are not recommended on the 
basis of the limited evidence available.

Good-quality studies on interventions to prevent AOM are 
required to develop future updates to this document, especially with 
regard to the use of probiotics, vitamin D and xylitol.

The prevention of AOM requires an integrated, multidisci-
plinary approach and close cooperation with the family and conse-
quently the diffusion of easily accessible educational tools should 
be encouraged.
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