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Otitis media (OM) is the most common bacterial infection in childhood. 
An alternative option in the prophylaxis and the management of OM is the 
use of probiotics, which are known to stabilize gut microbiota and stimulate 
immune function. This chapter reviews the relevant literature, and publications 
on probiotics and otitis media in children (based on Niittynen et al. 2012 1).  
Although results are promising, confirmative studies are lacking in order to draw 
any conclusions. More studies are needed to identify the most promising probiotic 
strains and study populations, and to evaluate the mechanisms behind the possible 
effects of probiotics on OM. 
Introduction

Probiotics are live micro-organisms which confer a health benefit to the 
host when administered in adequate amounts 2. Several mechanisms such as 
stabilization of gut microbiota and modulation of immune function may explain 
the beneficial effects of probiotics. To be effective, probiotic micro-organism 
must be able to survive transit through the upper gastrointestinal tract and at 
least temporarily colonize the gut. Probiotic strains differ in their effects, and 
the most widely used strains are from genus Lactobacillus, Bifidobacterium, and 
Streptococcus 3. In addition, nonpathogenic yeast Saccharomyces boulardii is 
used as probiotics 4. 

The health effects of probiotics, most of which are related to gastrointestinal 
conditions, have been described in several reviews and meta-analyses. Probiotics 
reduce the risk of antibiotic-associated diarrhea and acute infectious diarrhea. 
Probiotics may also relieve symptoms of irritable bowel syndrome and prevent 
necrotizing enterocolitis in infants. In addition, recent studies have suggested that 
probiotics may reduce the risk of various symptoms of upper respiratory tract 
infections (RTIs) 4-6. The possible mechanisms by which probiotics may prevent 
infections caused by pathogenic micro-organisms are shown in Figure 1 7.

Acute upper and lower RTIs are the most common diseases in children. 
These infections pose a considerable health and economic burden in terms of 
hospitalizations, medical costs, doctor’s consultations, and absenteeism from 
work and school 8. In children, the most common complication of acute RTI 
is acute otitis media (AOM), which is the most common reason for antibiotic 
treatment in childhood as well 9. Increasing evidence suggests that AOM may 
be a multimicrobial disease, where both bacteria and respiratory viruses are 
involved in the pathogenesis of AOM 9-10. In majority of cases, viral upper RTI 
occurs before and/or concurrently with AOM 11–13. Approximately 20-30% of 
children suffer from recurrent AOM 14. Recurrent use of antibiotics leads to 
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the development of antibiotic-resistant micro-organisms 15, and disturbances of 
the balance of the normal microbiota16. Since microbiota protects the host from 
pathogens, the changes in the microbiota as a due to antibiotic treatment may lead 
to dysregulation of immune homeostasis and increased susceptibility to disease. 17 
Recently, there has been discussion on the necessity of the use of antibiotics in 
children with uncomplicated AOM. As respiratory viruses may also contribute to 
the development to AOM, antibiotic therapy offers no benefit to virus infections. In 
addition to increase caution in prescribing antimicrobial agents, new alternatives 
for reducing the risk of OM are necessary. 9

Figure 1. Probiotics may prevent infections of pathogenic micro-organisms through several mechanisms 
(Based on Lehtoranta).7

1. Probiotic bacteria may bind directly to the pathogen and inhibit attachment to the host cell 
receptor. 

2. Adhesion of probiotics on the epithelial surface may block pathogen attachment by steric 
hindrance,	 cover	 receptor	 sites	 in	 a	 non-specific	 manner,	 or	 by	 competing	 for	 specific	
carbohydrate receptors. 

3. Probiotics may induce mucosal regeneration: intestinal mucins may bind to pathogens, and 
inhibit their adherence to epithelial cells and inhibit pathogen  replication / proliferation. 

4. Probiotics also show direct antimicrobial activity against pathogens by producing 
antimicrobial substances. 

5. Induction of low grade NO production and dehydrogenase production may have antiviral 
activities. 

6. Probiotics promote normalization of mucosal barrier and increase integrity of mucosal cells. 
7. Modulation of immune response through epithelial cells. 
8. Modulation and activation of immune responses through macrophages and DCs. 
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9.	 Upon	activation	CD8+	T	lymphocytes	differentiate	into	CTLs,	which	destroy	virus	
infected cells. 

10.		CD4+	T	lymphocytes	differentiate	into	Th1	and	Th2	cells.	
11. Th1 activates phagocytes promoting virus killing. 
12. Th2 induce proliferation of B-cells, which travel to secondary lymphatic organs in mucosa 

associated lymphoid tissue(MALT) and differentiate into Ig-producing plasma cells, which 
may migrate back to the infection site. 

13. Secretory antibodies neutralize the pathogen. 
Clinical evidence of probiotics on OM
Oral intake of probiotics

Six randomized, double blind, placebo controlled studies have investigated 
the effects of oral intake of probiotics on AOM in children 21-27 (Table 1). 
Table 1. Representative studies of probiotics and otitis media (based on Niittynen et al. 2012)1

Subjects Design,  
duration Probiotics Results: 

probiotic vs. placebo
Oral intake

571 healthy children at 
day care centres 

(1-6 y) in Finland
Hatakka et al. 2001 21

R DB PC
parallel

7 months
L. rhamnosus GG

OM ↔ 
Respiratory infections with 

complications	↓	
Antibiotic	treatments	↓	

(Age adjusted results: ↔ )
281 healthy children  
at day care centres
(1-7 y) in Croatia

Hojsak et al. 2010 23

R DB PC
parallel 3
months

L. rhamnosus GG

Risk of upper respiratory infections 
↓

Risk	of	OM	↓
Antibiotic treatments ↔

309 otitis  
prone children

(10 months-6 y)
 in Finland

Hatakka et al. 2007 24

R DB PC
parallel

6 months 

L. rhamnosus GG,
L.rhamnosus 

LC705, B. breve 99, 
P.freudenreichii JS

AOM episodes ↔
Nasopharyngeal flora:

S. pneumoniae, Haemophilus 
influenzae ↔

Moraxella catarrhalis ↑ 

72 healthy newborn
(< 2 months) in Finland

R DB PC
parallel
10-12

months

L. rhamnosus GG,
B. lactis

During first 7 months of life : 
AOM	incidence	↓	

Antibiotic	treatment	↓	

During the first 12 months of life:
Recurrent	respiratory	infections	↓

248 healthy children at 
day care centres

(1-5 y) in Sweden
Stecksén-Blicks et al. 2009 22

R DB PC 
parallel

21 months

L. rhamnosus LB21,
fluoride

Days	with	OM	↓	*
Antibiotic treatments  ↔

Dental	caries	↓

109 healthy newborn
(1-2 months)  in Finland

Taipale et al. 2010 27

R DB PC 
parallel

6-7 months

B. animalis ssp. lactis 
BB-12

OM ↔
Antibiotic treatments ↔

Gastrointestinal infections ↔
Respiratory	infections	↓

R= randomized / PC= placebo controlled / DB= double blind / OM= otitis media
↓	=	decreased	significantly	/	↑=	increased	significantly	/	↔=	no	statistically	significant	effect
*	Difference	between	the	groups	was	statistically	significant	only	in	those	children	who	had	participated	
during the entire 21-month intervention period. 
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Children attending day care centres have considerably higher risk of respiratory 
infections than children cared for at home, as close physical contact among chil-
dren in day care favour the transmission of infectious diseases. Thus, prevention 
of infections in day care is of major importance 19, 20.  Hatakka et al. 21 examined 
whether daily consumption of milk enriched with L. rhamnosus GG could reduce 
infections in day care centres during the wintertime. The occurrence of AOM re-
duced by 21 % in the children receiving probiotic milk, but the difference between 
the groups was not statistically significant. In the L. rhamnosus GG group, chil-
dren had fewer days of absence from day care because of illness, and the number 
of children with respiratory infection or antibiotic treatment was significantly low-
er. However, the effect decreased after age adjustment. In another study, consump-
tion of milk supplemented with L. rhamnosus LB21 and fluoride reduced the days 
with OM by 50% in preschool children. In addition, children in the probiotic group 
had 60% fewer days with antibiotic therapy and significantly less caries 22.  Hojsak  
et al. 23 reported that ingestion of L. rhamnosus GG reduced significantly the risk 
of upper respiratory infections, including OM, in children attending day care cen-
tres in Croatia. Only 8 children in L. rhamnosus GG group versus 13 in the placebo 
group was treated with antibiotics due to acute OM, but the difference between the 
groups was not statistically significant. 

Otitis prone children consumed either one capsule containing L. rhamno-
sus GG, L. rhamnosus LC705, Bifidobacterium breve 99 and Propionibacterium 
freudenreichii JS or placebo daily for 24 weeks 24. The inclusion criteria were at 
least four episodes of AOM during the preceding 12 months or at least three epi-
sodes during the preceding six months. The results showed that probiotic interven-
tion did not reduce the occurrence, the recurrence of AOM episodes, or the median 
duration of AOM episodes. However, there was a tendency showing a reduction in 
the occurrence of recurrent RTIs in the probiotic group. When the effects of pro-
biotics were studied on nasopharyngeal carriage of bacterial pathogens, probiotics 
did not affect the carriage of Streptococcus pneumoniae or Haemophilus influen-
zae, but increased the prevalence of Moraxella catarrhalis. The authors suggested 
that in otitis-prone children the effect of probiotics is not sufficient to prevent 
AOM, as otitis-prone children are treated with several antibiotic courses, and 
experience increased nasopharyngeal colonisation of otitis pathogens. However, 
the number of human bocavirus was reduced significantly in the nasopharynx of 
these children as described by Lehtoranta et al. 2012 25, indicating that probiotics 
may be more effective against RTIs of viral origin.

Healthy newborn infants requiring formula before the age of 2 months 
were randomized to get either a formula supplemented with L. rhamnosus GG and 
B. lactis Bb-12 or placebo 26. During the first 7 months of life, there was a signifi-
cant reduction in the incidence of AOM and in the antibiotic use in the probiotic 
group. In addition, probiotics reduced the incidence of recurrent RTIs during the 
first year of life. However, Taipale et al. 27 found no differences in the incidence 
of AOM in infants receiving B. lactis Bb-12 or placebo until the age of 8 months. 
At the end of the study, breastfeeding was still continuing for 44% of the infants in 
the probiotic group and 63% of the infants in the placebo group. The long duration 
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of breastfeeding could explain the low incidence of infectious diseases and lack of 
differences in AOM between the groups. 
Nasal spray treatment 

An interesting alternative to the oral intake of probiotics for the management 
of AOM is the use of probiotic nasal sprays. Three randomized, double blind, 
placebo	 controlled	 studies	 have	 investigated	 the	 effects	 of	 spray	 containing	 α	
streptococci on ear infections 28-30 (Table 2). 

Table 2. Nasal spray treatment

Nasal spray treatment

130 otitis prone children 
(6 months-6 y) in Sweden

Roos et al. 2001 28

R DB PC
parallel

10	days+10	days

S. mitis  
S. sanguis 
S. oralis

AOM		during	the	study	↓
Normal	tympanic	membrane	↑

43 children with recurrent OM 
(< 4 y) in Sweden

Tano et al. 2002 30

R DB PC
parallel

4 months

S. sanguis 
S. mitis 
S. oralis

OM	episodes	↔
Nasopharyngeal	flora	↔

60 children with secretory 
OM (1-8 y) in Sweden
Skovbjerg et al. 2009 29

R DB PC 
parallel
10 days

S. sanguinis 
or

L. rhamnosus

Clinical recovery of secretory 
OM	with	both	strains	↑
Nasopharyngeal	flora	↔

IL-8	↑	in	L. rhamnosus group

In two studies, clinical improvement was noticed after short-term probiotic 
nasal spray treatment. Roos et al. 28 randomized children with recurrent OM to 
spray treatment containing Streptococcus sanguis, S. mitis and S. oralis, or pla-
cebo for 10 days after antibiotic treatment. At day 60, the same spray was admin-
istered for another 10 days, and clinical evaluation was made. When compared 
with placebo group, children in the probiotic group were healthier and had fewer 
recurrences of both AOM and secretory OM. In addition, a study by Skovbjerg 
et al. 29 showed that probiotic nasal spray treatment is effective against secretory 
OM. Solution containing S. sanguinis, L. rhamnosus, or placebo was sprayed in 
the nose of children with secretory OM 10 days prior insertion of tympanostomy 
tubes, and clinical examination was carried out before and after the treatment. 
Complete or significant recovery was noticed in a third of patients treated with S. 
sanguinis, and a modest beneficial effect was also seen with L. rhamnosus.

In contrast, Tano et al. 30 reported that long-term treatment with nasal spray 
containing S. sanguis, S. mitis and S. oralis had no effect on the episodes of AOM. 
However, there was a tendency of declined frequency of OM episodes towards the 
end of the treatment in the probiotic group, whereas the placebo group showed 
the opposite tendency, but the numbers were too small for statistical calculations. 
The possible mechanisms

The mechanisms behind the possible beneficial effect of oral probiotics on 
OM are unclear. It has been suggested that the underlying mechanism may be the 
stimulation of immune response 21, 26, as several in vitro and in vivo studies have 
shown that probiotics stimulate humoral, cellular, and non-specific immunity 31. 
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However, none of the studies investigating the effects of probiotics on OM and 
only a few studies investigating the effects of probiotics on other respiratory tract 
infections have assessed their effects on biomarkers of immunity. In these studies, 
at the same time when symptoms decreased, probiotics increased the number of 
CD4+	and	CD8+	lymphocytes	32 and IFNgamma levels 33 in adults, and stimulated 
nonspesific immunity in children 34.

Nasopharyngeal carriage of otopathogens is associated with increased risk 
of AOM 35. The beneficial effect of probiotics on ear infections may be mediated 
via reduction of these pathogenic bacteria. In healthy volunteers, ingestion of L. 
rhamnosus GG, B. sp B420, L. acidophilus, and S. thermophilus reduced nasal 
colonization of potential pathogenic bacteria. Because no colonization of L. 
rhamnosus GG in the nasal flora was found, a possible mechanism was suggested 
to be stimulation of the immune system 36. On the other hand, in otitis prone 
children, reduction of nasopharyngeal carriage of otitis pathogens was not noticed 
after the ingestion of L. rhamnosus GG, L. rhamonosus LC 705, B. breve 99, 
and P. freudenreichii JS 22. Different probiotic strains used and study populations 
may explain these conflicting results. The current studies provide some insight in 
mechanisms of action, but more studies investigating the effects of probiotics on 
otitis media and biomarkers related to clinical effects are warranted.

It has been hypothesized that probiotic nasal spray treatment leads to 
recolonisation of interfering bacteria in the nasopharynx, which may inhibit 
the growth of otopathogens and protect against OM 28-30. However, after the 
spraying, the presence of instilled bacteria in nasal flora has been short 30, and 
no alterations in nasopharyngeal pathogens have been noticed after the treatment 
periods 29, 30. On the other hand, increased levels of IL-8 and a tendency towards 
increased	 IL-1β	 and	 PGE2 levels have been noted after the spray treatment 
containing L. rhamnosus GG 29. It seems possible that the mechanism behind 
the preventive effect of spray probiotic treatment might be stimulation of innate  
defence mechanism. 
The safety of probiotics

The safety of probiotics has been documented well in several experimental and 
clinical studies. 37, 38 Several probiotics, such as Lactobacillus and Bifidobacterium 
strains, are of human origin and have a long history of safe use.39 For instance, 
L. rhamnosus GG has been used in food since 1990, and large epidemiological 
studies have shown that rapidly increased use of lactobacilli has not lead to 
increase in Lactobacillus bacteremia.40, 41 Probiotics can be used safely in patients 
receiving nutritional support as well, although some caution should be taken in 
critically ill patients due to the risk of sepsis, although it is very rare.39 There are 
no known interactions with medications, and adverse effects, such as abdominal 
discomfort, are rare.4
Conclusions

Probiotic therapy offers an interesting alternative in the management of OM, 
which is a common disease in childhood with obvious public health and economic 
consequences. Increasing evidence shows that oral probiotics reduce the incidence 
of AOM in healthy children attending day care and in healthy newborns. In 
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addition, children with acute or secretory OM benefit from nasal spray treatment 
containing a streptococci. However, the limited number of studies makes it 
impossible to draw any conclusions.  In addition, contradictory results highlight 
that the effects of probiotics are strain dependent. It is also possible that the effect 
of probiotics is not strong enough to prevent OM in all study populations, such as 
in otitis prone children. More studies are necessary to identify the most promising 
probiotic strains and study populations.

Mechanisms behind the potential effect of probiotics on OM are possibly 
related to microbial interference with pathogens and stimulation of innate defence 
mechanism. Studies investigating the mechanisms of action and identification of 
genome structure of probiotics will reveal deeper understanding of mechanisms 
behind the beneficial effects of probiotics.
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