
Original Investigation | Pediatrics

Streptococcus salivarius Probiotics to Prevent Acute Otitis Media in Children
A Randomized Clinical Trial
Suvi Sarlin, MD; Ulla Koskela, MD, PhD; Minna Honkila, MD, PhD; Paula A. Tähtinen, MD, PhD; Tytti Pokka, MSc; Marjo Renko, MD, PhD; Terhi Tapiainen, MD, PhD

Abstract

IMPORTANCE New approaches for the prevention of acute otitis media (AOM), the most common
reason for antibiotic use in children, are needed.

OBJECTIVE To assess the efficacy of the Streptococcus salivarius K12 oral probiotics in the primary
prevention of AOM.

DESIGN, SETTING, AND PARTICIPANTS This double-blind, randomized placebo-controlled clinical
trial was conducted from August 1, 2020, to May 31, 2021, at 50 day care centers in the Oulu region
of Finland. A total of 827 children aged 1 to 6 years attending day care were included. The exclusion
criteria consisted of ongoing antimicrobial prophylaxis or immunodeficiency. The follow-up time was
6 months and was completed on May 31, 2021. Data were analyzed from October 24, 2022, to
September 16, 2023, based on intention to treat.

INTERVENTION Eligible participants were randomly allocated to receive 1 daily dose of a S salivarius
K12 product or placebo every evening for 6 months. A daily dose was defined as 1 sachet of soluble
oral powder for children younger than 3 years or 1 chewable tablet for children 3 years or older
containing 1 × 109 colony-forming units of S salivarius K12.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of children with at
least 1 episode of AOM requiring antimicrobial therapy within 6 months of randomization. All
physician visits and purchases of antimicrobial drugs were retrieved from the electronic national
medical record and prescription register. The primary outcome was met if the legal guardian had
purchased an antimicrobial prescription for AOM.

RESULTS A total of 827 children with a mean (SD) age of 4.1 (1.6) years (433 boys [52.4%]) were
randomized to S salivarius K12 oral products (n = 413) or placebo (n = 414). Thirty-four children
(8.2%) in the S salivarius group and 24 children (5.8%) in the placebo group experienced at least 1
episode of AOM requiring antimicrobial therapy during the 6-month follow-up period (relative risk,
1.42 [95% CI, 0.86-2.34]; proportion difference, −2.44% [95% CI, −5.94% to 1.09%]; P = .17). Time
to first AOM episode did not differ between the groups (174 [95% CI, 171-177] days in the S salivarius
group vs 176 [95% CI, 173-179] days in the placebo group; P = .18).

CONCLUSIONS AND RELEVANCE In this randomized placebo-controlled clinical trial, the daily use
of the S salivarius K12 products for 6 months did not reduce the occurrence of AOM. New approaches
for primary prevention of AOM among children are needed.

TRIAL REGISTRATION ClinicalTrialsRegister.eu Identifier: 2020-001076-14
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Introduction

Acute otitis media (AOM) is an ascending infection associated with Eustachian tube dysfunction
during respiratory viral infection, allowing otopathogens to ascend from the nasopharynx to the
middle ear. Prevention of AOM plays a significant role in reducing the overall use of antibiotics in
children.1 Pneumococcal conjugate vaccines (PCVs) have been shown to reduce the occurrence of
AOM, with estimates ranging from 8% to 10% for 7-valent PCV2,3 and up to 23% for 10-valent PCV.4,5

Influenza vaccines also reduce the occurrence of AOM during influenza epidemics.6,7 Otherwise, the
current options for primary prevention of AOM are limited.

Lactobacilli, which mainly belong to the microbiome of the gastrointestinal tract, only
marginally colonize the nasopharyngeal microbiome and have largely proven ineffective in
preventing AOM.8-10 A previous randomized clinical trial (RCT)11 found that an in-house
α-streptococcal spray administered nasally after antimicrobial therapy for AOM protected children
from recurrent AOM. However, in-house bacterial sprays have not been evaluated for safety and may
vary in effectiveness. Recently, commercially available probiotic products containing Streptococcus
salivarius strains, successful colonizers of the human oral cavity and nasopharynx,12,13 have been
developed for oral health care.14,15 Sarlin et al13 have previously shown in an RCT that commercially
available S salivarius K12 oral products may reduce the relative abundance of otopathogens in the
nasopharyngeal microbiome while maintaining its diversity. We hypothesized that S salivarius K12
oral products may be effective in preventing AOM. In this placebo-controlled RCT, we investigated
the clinical efficacy of commercially available streptococcal strain S salivarius K12 oral probiotic
products in the primary prevention of AOM among children attending day care.

Methods

The Finnish Medical Agency and the Ethical Committee of the North Ostrobothnia’s Hospital District,
Oulu, Finland, approved the trial protocol. Children whose legal guardians provided written informed
consent were included in the trial. The trial followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. The study protocol and statistical analysis plan are provided in
Supplement 1.

Trial Design
This RCT was conducted in 50 day care centers in the Oulu region of Finland and in the Department
of Pediatrics and Adolescent Medicine, Oulu University Hospital, Finland, from August 1, 2020, to
May 31, 2021. Participants were recruited between August 26 and November 25, 2020. Six-month
follow-up was completed on May 31, 2021. Throughout the study period, during the COVID-19
pandemic, all day care centers and primary schools remained open in Finland.

Participants
Eligible participants were children aged 1 to 6 years attending day care in the area. The exclusion
criteria were ongoing antimicrobial prophylaxis or any immunodeficiency. The use of other probiotic
products was discouraged but was not an exclusion criterion. Finnish language skill was an inclusion
criterion. The families did not receive any compensation for participating in the trial.

Randomization and Blinding
Eligible participants were randomly assigned at a 1:1 ratio to receive 1 daily dose of an S salivarius K12
oral product or placebo every evening after toothbrushing for 6 months. Randomization was
stratified according to children’s age (<3 years for oral powder and �3 years for chewable tablets). A
biostatistician created a randomization list with computerized block randomization using permuted
blocks in variable sizes.
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Before the study, all identical S salivarius–containing and placebo-containing study packages
were individually numbered according to a randomization list created by the biostatistician (T.P.).
Randomization and numbering was completed by personnel not participating in the recruitment or
follow-up of the patients. After the legal guardian signed the informed consent form, the participant
was given the next free study number and the product assigned to it at the day care center.

The participating children, their guardians, and the study physicians were blinded to the
assignment of the S salivarius K12 and placebo groups. The products were packed in similar packages,
and there were no labels on them, except the randomization number. Both S salivarius and placebo
products looked and tasted the same.

Interventions
The families gave the study products to the children according to the instructions. A quantity of
1 × 109 colony forming units (CFUs) of S salivarius K12 administered once daily has previously been
shown to successfully colonize the nasopharynx in adults.8,16 A daily dose was defined as 1 sachet of
soluble oral powder for children younger than 3 years and 1 chewable tablet for children 3 years or
older. One sachet of soluble oral powder contained 1 × 109 CFUs of S salivarius K12 with 1010 mg of
maltodextrin (bulking agent), 480 mg of fructo-oligosaccharide (bulking agent), and 10 mg of
strawberry flavor. One oral chewable tablet contained 1 × 109 CFUs of S salivarius K12 with 789 mg of
isomaltitol, 72.2 mg of xylitol, 6.9 mg of silicon dioxide, 10 mg of peppermint flavor, 400 IU of vitamin
D3, 1 × 108 CFUs of Lactobacillus rhamnosus GG, and 1 × 108 CFUs of Propionibacterium shermanii.
The placebo soluble oral powder contained 1010 mg of maltodextrin, 480 mg of fructo-
oligosaccharide, and 10 mg of strawberry flavor. The placebo oral chewable tablet contained 789 mg
of isomaltitol, 72.2 mg of xylitol, 6.9 mg of silicon dioxide, 10 mg of peppermint flavor, and 400 IU
of vitamin D3. All study products were purchased from GutGuide Ltd.

Recruitment and Clinical Follow-Up
Study physicians visited day care centers to provide families with information about the study. In
addition, local child health clinics distributed study information brochures to families. Participants
with written informed consent from a legal guardian were included in the study. After this, the
participant was given the next available study number and the randomized study product adjoined
to it. After enrollment, families were sent an online questionnaire about background characteristics.
In Finland, social security number is binomial according to sex. Participants’ sex was calculated from
social security number. No ethnicity data was collected.

Study physicians reviewed all purchases of antimicrobials from the comprehensive electronic
national prescription register during the 6 months of follow-up.17 The children’s medical records from
the national electronic medical record register17 were reviewed. Study physicians (S.S. and U.K.)
recorded whether the indication for the antimicrobial prescription had been AOM, defined in
accordance with the national guidelines.18 In addition, monthly online questionnaires were sent to
families.

The diagnosis of AOM was defined according to the national AOM treatment guideline as an
acute, short-term, and clinically diagnosed episode of otitis media, with the presence of middle-ear
effusion, signs of inflammation of the tympanic membrane, and at least 1 sign or symptom of an acute
respiratory infection.18 Recurrent AOM was defined as at least 3 episodes of AOM within 6 months.
To improve the accuracy of AOM diagnosis in outpatient care, families were sent an electronic AOM
diagnostic tool with 8 images of the middle ear, including purulent AOM (Supplement 1). If the
children visited their own physicians for suspected AOM, the families were advised to present
the images.

Outcomes
The primary outcome was the proportion of children with at least 1 episode of AOM requiring
antimicrobial therapy confirmed from the electronic national medical record and prescription
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register17 within 6 months of randomization. The primary outcome was met if the guardian had
purchased an antimicrobial prescription for the child within 6 months of randomization for an AOM
diagnosis defined according to national guidelines.18

The secondary outcomes retrieved from the electronic national medical record and prescription
register17 were time to the first episode of AOM requiring antimicrobial therapy, the proportion of
children with recurrent AOM requiring antimicrobial therapy, the proportion of children receiving any
antimicrobial therapy, the proportion of children with any physician’s appointment due to acute
illness, the proportion of children hospitalized for an acute respiratory illness, and the duration of
hospitalization. The secondary outcomes from questionnaire data were other physician-diagnosed
AOM episodes, the number of days with respiratory or gastroenteritis symptom, and the number of
days of parental absence from work due to their child’s illness per person-years at risk (PYR). All
secondary outcomes were reported within 6 months of randomization.

Exploratory post hoc analyses, added to the statistical analysis plan after study initiation but
before completion of other data analyses, were conducted for the proportion of children with AOM
with a complication, the number of AOM episodes with a complication, the proportion of children
with tympanostomy tube insertion or adenoidectomy, the proportion of children with respiratory
symptoms leading to SARS-CoV-2 testing, the proportion of children with a COVID-19 infection or a
positive SARS-CoV-2 test result, and the number of days of a child’s absence from day care per PYR.
All exploratory outcomes were reported within 6 months of randomization.

Sample Size
Due to social distancing measures during the COVID-19 pandemic, the occurrence of AOM decreased.
We therefore recalculated the sample size during the study to ensure statistical power. We assumed
that the proportion of children in the control group with at least 1 episode of AOM would decrease
from 30% to 12% within 6 months because pediatric emergency department visits were reduced by
approximately 60% in Finland during the COVID-19 pandemic.19 We considered efficacy to be
clinically meaningful if the occurrence of AOM was further decreased by 50% in the intervention
group (ie, the proportion of children with at least 1 episode of AOM decreased from 12% to 6% within
6 months). With a statistical power of 80% and a 2-sided α error of 5%, the sample size needed was
389 children per group.

Statistical Analysis
Statistical analyses were performed according to the intention-to-treat principle from October 24,
2022, to September 16, 2023. We calculated the 95% CIs of the differences between groups using a
standard normal deviate test for the proportions,20 as well as a 2-tailed unpaired t test for Gaussian
continuous variables; P < .05 was considered statistically significant. Relative risks with 95% CIs were
calculated. A Mann-Whitney test was performed for non-Gaussian variables. Time to first episode of
AOM requiring antimicrobial therapy during the intervention within 6 months was analyzed with the
Kaplan-Meier method, and the log-rank test was used to compare survival distributions. The data
were analyzed with SPSS Statistics software for Windows, version 27.0 (IBM Corporation), and
StatsDirect statistical software, version 3.3.5 (StatsDirect Ltd).

Results

Altogether, 827 children were included in the intention-to-treat analyses (mean [SD] age, 4.1 [1.6]
years; 394 girls [47.6%] and 433 boys [52.4%]), with 413 children in the S salivarius group and 414 in
the placebo group (Figure 1). The mean (SD) age of the children was similar in both groups (Table 1).
The mean (SD) duration of any breastfeeding was 5.0 (4.0) months in the S salivarius group and 5.2
(4.6) months in the placebo group. A total of 77 of 380 parents (20.3%) in the S salivarius group and
68 of 388 (17.5%) in the placebo group with data available reported parental smoking.
Tympanostomy tubes had been inserted for 64 of 380 children (16.8%) in the S salivarius group and
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57 of 388 (14.7%) in the placebo group with data available before study entry. In total, 46 children
(11.1%) in the S salivarius group and 37 (8.9%) in the placebo group stopped using the study product
earlier than planned.

Primary Outcome
In total, 34 children (8.2%) in the S salivarius group and 24 (5.8%) in the placebo group had at least 1
episode of AOM requiring antimicrobial therapy during the 6-month follow-up period. The difference
between the 2 groups was not statistically significant (relative risk, 1.42 [95% CI, 0.86-2.34];
proportion difference, −2.44% [95% CI −5.94% to 1.09%]; P = .17) (Table 2).

Secondary Outcomes
The mean time to the first episode of AOM was 174 (95% CI, 171-177) days in the S salivarius group and
176 (95% CI, 173-179) days in the placebo group (P = .18) (Figure 2). Altogether, 4 children (1.0%) in
the S salivarius group and 2 (0.5%) in the placebo group had recurrent otitis media (proportion
difference, −0.50% [95% CI, −1.81% to 0.84%]; P = .41) (Table 2). Forty-nine children (11.9%) were
receiving any antimicrobial therapy in the S salivarius group, as were 37 (8.9%) in the placebo group
(proportion difference, −2.93% [95% CI, −7.09% to 1.27%]; P = .17). There were no significant
differences in the proportion of children with at least 1 physician’s appointment due to an acute
illness or in the proportion of children hospitalized for acute respiratory symptoms (Table 2).

The median number of all physician-diagnosed AOM episodes was 0 (IQR, 0-0) per PYR in the S
salivarius group and 0 (IQR, 0.00-0.00) per PYR in the placebo group (mean difference, −0.14%
[95% CI, −0.34% to 0.07%]; P = .16) (Table 2). There were no significant differences between the
groups in the mean number of days with respiratory or gastroenteritis symptoms or parental absence
from work due to the child’s illness.

Exploratory Post Hoc Analyses
There were no significant differences between groups in the proportion of children with AOM with a
complication or in AOM-related surgery (Table 2). The SARS-CoV-2 test result was positive for 2

Figure 1. Study Flow Diagram

7800 Children aged 1-6 y in day-care centers

827 Eligible approved consents

413 Allocated to Streptococcus salivarius K12
293 Received chewable tablets
120 Received oral powder

414 Allocated to placebo
292 Received chewable tablets
122 Received oral powder

413 Children included in intention-to-treat analysis

0 Lost to follow-up
46 Discontinued intervention due to dislike

of product taste or suspected adverse effect
29 Dislike of taste or consistency
11 Unknown
2 Unable to continue due to other reasons
5 Gastrointestinal symptoms, rash, or foul breath
1 Did not get study product

414 Children included in intention-to-treat analysis

0 Lost to follow-up
37 Discontinued intervention due to dislike

of product taste or suspected adverse effect
30 Dislike of taste or consistency
3 Unknown
4 Gastrointestinal symptoms, rash, cough,

swelling, or foul breath

827 Randomized

6958 Did not provide informed consent
15 Excluded

13 Declined to participate after discussion
with study physician

2 Did not meet inclusion criteria
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children (0.5%) in the S salivarius group and 3 (0.7%) in the placebo group during the study period.
The mean (SD) number of days of a child’s absence from day care was 21.90 (25.66) per PYR in the S
salivarius group and 19.96 (21.74) per PYR in the placebo group.

Table 1. Baseline Characteristics of the Study Participantsa

Characteristic

Study group
Streptococcus salivarius K12
intervention (n = 413) Placebo (n = 414)

Age, mean (SD), y 4.1 (1.6) 4.1 (1.6)

Sex

Female 194 (47.0) 200 (48.3)

Male 219 (53.0) 214 (51.7)

Cystic fibrosis 0 0

Primary ciliary disease 0 0

10-Valent PCV vaccinationb 368 (96.8) 375 (96.6)

Influenza vaccinationc 123 (45.6) 133 (48.7)

Any allergyb 53 (13.9) 71 (18.3)

Underlying illness requiring ongoing medicationb 15 (3.9) 21 (5.4)

Current use of other probiotic productsb,d 59 (15.5) 59 (15.2)

Any antimicrobial therapy during the preceding 6 mo
before study entryb

43 (11.3) 47 (12.1)

Risk factors for AOMb

No. of siblings

0 68 (17.9) 64 (16.5)

1 170 (44.7) 183 (47.2)

≥2 142 (37.4) 141 (36.3)

Parental smoking 77 (20.3) 68 (17.5)

Current pacifier use 20 (5.3) 22 (5.7)

Former pacifier use 262 (68.9) 277 (71.4)

Duration of breastfeeding, mean (SD), mo 5.0 (4.0) 5.2 (4.6)

AOM-related surgeryb

Tympanostomy 64 (16.8) 57 (14.7)

Presence of tympanostomy tubes 22 (5.8) 23 (5.9)

Adenoidectomy 24 (6.3) 25 (6.4)

Abbreviations: AOM, acute otitis media; PCV,
pneumococcal conjugate vaccine.
a Unless otherwise indicated, data are expressed as

No. (%) of 413 in the S salivarius K12 and 414 children
in the placebo group.

b Data are available from 380 children in the
Streptococcus salivarius K12 group and 388 in the
placebo group.

c Data are available from 270 children in the
Streptococcus salivarius K12 group and 273 in the
placebo group.

d Includes Lactobacilli or Saccharomyces species.

Figure 2. Time to First Episode of Acute Otitis Media (AOM) Requiring Antimicrobial Therapy During the
Intervention
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Table 2. Primary and Secondary Outcomes in S salivarius K12 Group vs Placebo Group

Outcome

Study group
Proportion or mean
difference (95% CI) Relative risk (95% CI) P valuePlacebo (n = 414)

Streptococcus salivarius
K12 (n = 413)

Primary

National prescription register and medical record
data, No. (%)

≥1 Episode of AOM requiring antimicrobial
therapy, No. (%)

24 (5.8) 34 (8.2) −2.44 (−5.94 to 1.09) 1.42 (0.86 to 2.34) .17

Oral powder (122 in placebo and 120
in S salivarius K12 groups)

11 (9.0) 24 (20.0) −10.98 (−20.11 to −2.17) 2.22 (1.16 to 4.30) .02a

Chewable tablet (292 in placebo and 293
in S. salivarius K12 groups)

13 (4.5) 10 (3.4) 1.04 (−2.26 to 4.46) 0.77 (0.35 to 1.68) .52

Secondary

National prescription register and medical record
data

Recurrent otitis media, No. (%)

≥2 AOM episodes in 6 mo 6 (1.4) 9 (2.2) −0.73 (−2.81 to 1.22) 1.50 (0.56 to 4.02) .33

≥3 AOM episodes in 6 mo 2 (0.5) 4 (1.0) −0.49 (−1.81 to 0.84) 2.00 (0.43 to 9.32) .41

Any antimicrobial therapy, No. (%) 37 (8.9) 49 (11.9) −2.93 (−7.09 to 1.27) 1.33 (0.89 to 1.99) .17

≥1 Physician’s appointment due to acute
illness, No. (%)

93 (22.5) 85 (20.6) 1.88 (−3.73 to 7.47) 0.92 (0.71 to 1.19) .51

Telephone or video appointment, No. (%) 32 (7.7) 47 (11.4) −3.65 (−7.66 to 0.39) 1.47 (0.96 to 2.25) .07

Hospitalized for an acute respiratory illness,
No. (%)

0 4 (1.0) −0.97 (−2.11 to 0.19) 0 (0 to 0.97) .05

Duration of hospitalization, median (IQR), d 0 (0.00-0.00) 3 (2.00 to 3.00) −0.04 (−0.08 to 0.00) NA .06

Questionnaire datab

No. of AOM episodes per PYR, median (IQR) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) −0.14 (−0.34 to 0.07) NA .16

No. of days with respiratory or gastroenteritis
symptoms per PYR, median (IQR)

Runny nose 21.29 (7.60 to 40.96) 21.90 (6.08 to 44.61) −1.5 (−7.13 to 4.06) NA .97

Cough 8.11 (0.00 to 29.30) 8.11 (0.00 to 26.36) 1.10 (−3.88 to 6.15) NA .62

Sore throat 0.00 (0.00 to 4.06) 0.00 (0.00 to 4.06) 0.12 (−1.57 to 1.80) NA .85

Gastrointestinal tract discomfort or pain 0.00 (0.00 to 2.03) 0.00 (0.00 to 2.03) 0.36 (−1.63 to 2.35) NA .42

Fever 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) −0.30 (−1.14 to 0.53) NA .60

Earache 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) −0.87 (−2.18 to 0.44) NA .20

Diarrhea 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.36 (−0.99 to 1.71) NA .77

Wheezing 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) −0.08 (−0.78 to 0.62) NA .83

Vomiting 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.05 (−0.23 to 0.33) NA .41

No. of days of parental absence from work due
to the child’s acute respiratory illness per PYR,
median (IQR)

6.08 (0.00 to 20.28) 4.06 (0.00 to 16.22) −0.56 (−2.08 to 3.19) NA .38

Exploratory post hoc analysesc

Children with AOM with a complication,
No. (%)b,d

1 (4.2) 2 (5.9) −1.70 (−15.84 to 15.26) 1.41 (0.20 to 10.51) .77

Children with tympanostomy tube insertion or
adenoidectomy after study entry, No. (%)e

4 (1.5) 4 (1.5) 0 (−2.27 to 2.23) 1.00 (−0.16 to 0.16) .99

No. of days of child’s absence from day care
due to symptoms of infection per PYR,
median (IQR)f

14.90 (4.06 to 28.39) 14.19 (4.06 to 30.42) −1.90 (−5.33 to 1.54) NA .73

Children with respiratory symptoms leading to
SARS-CoV-2 testing, No. (%)b

188 (45.4) 184 (44.6) 0.90 (−5.91 to 7.62) 1.02 (0.88 to 1.19) .80

Positive SARS-CoV-2 test result, No. (%)b 3 (0.7) 2 (0.5) 0.24 (−1.00 to 1.48) 1.50 (0.30 to 7.49) .66

Abbreviations: AOM, acute otitis media; PYR, person-years at risk.
a The interpretation of this statistical analysis should be done with caution, as this study

was not designed for subgroup analyses.
b Monthly questionnaires used for the secondary outcomes were available for 679

(82.1%) children at 1 month, 653 (79.0%) at 2 months, 617 (74.6%) at 3 months, 600
(72.6%) at 4 months, 576 (69.6%) at 5 months, and 553 (66.9%) at 6 months.

c Data were available from 414 children in the placebo group and 413 in the Streptococcus
salivarius K12 group.

d Complication was defined as perforation of the tympanic membrane. None of the
children had mastoiditis. Includes 24 children in the placebo group and 34 in the
Streptococcus salivarius K12 group.

e Data were available from 273 children in the placebo group and 270 in the
Streptococcus salivarius K12 group.

f Data were available from 381 children in the placebo group and 375 in the
Streptococcus salivarius K12 group.
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Discussion

In this RCT of 827 children attending day care in the Oulu Region, Finland, daily use of the S salivarius
K12 oral probiotic product for 6 months did not reduce the occurrence of AOM. Previous studies
suggesting the clinical efficacy of S salivarius in the prevention of AOM have mainly been conducted
with nasal sprays in otitis-prone child populations.21-23 The incidence of AOM in S salivarius K12 was
higher than in the placebo group, but the difference was not statistically significant. The incidence of
AOM was higher in participants from the S salivarius K12 younger than 3 years, but as this study was
not designed to have enough power for subgroup analysis, these results need to be interpreted with
caution. In the primary prevention of AOM, S salivarius K12 oral probiotic products appeared to be
ineffective.

Two previous RCTs11,23 have investigated the effectiveness of probiotic streptococci in the
prevention of AOM. In the first RCT of 130 children aged 6 months to 6 years, an α-streptococcal
nasal spray initiated after antimicrobial treatment protected against recurrent AOM compared with
the placebo by a reduction of 20%.11 Similarly, in another RCT including 100 children aged 1 to 5
years, the use of S salivarius 24SMB intranasal spray prevented the occurrence of AOM compared
with the placebo.23 In contrast to the present study, previous RCTs were conducted among children
who had had recurrent otitis media.11,23

We chose the oral S salivarius product due to its ease of use for different age groups and
commercial availability. Although oral S salivarius preparations have previously been shown to
successfully colonize saliva and may reduce the relative abundance of otopathogens in the
nasopharyngeal microbiota,13 we cannot rule out the possibility that nasal spray solutions may be
superior to oral preparations. An additional difference is that the study by Roos et al11 was conducted
before the implementation of PCV into national immunization programs. Streptococcus salivarius
K12 alone may not be sufficient in supporting the nasopharyngeal microbiota, as the other significant
otopathogens Haemophilus influenzae and Moraxella catarrhalis may overcome its inhibitory effects
by other direct or indirect methods yet unknown.

Our study was conducted during the COVID-19 pandemic. Finland decided to keep day care
centers and primary schools open throughout the study period, which enabled the circulation of
rhinoviruses,24 the most common viruses associated with AOM.25 The incidence rate of AOM before
the COVID-19 pandemic was approximately 0.9 to 1.6 per PYR in children aged 0 to 2 years.4 The
decline in the incidence of respiratory infections and antibiotic prescriptions and, thus, the incidence
of AOM was surprisingly steep, approximately 60% to 90% according to current estimates.19,24,26-29

We recalculated the sample size during the study, and although the total number of AOM episodes
decreased, the power of this study was sufficient to assess the efficacy of S salivarius K12 products in
preventing AOM. Despite the very low incidence of AOM, we were able to conduct a relatively precise
estimate of the efficacy. With a higher incidence of circulating respiratory viruses and therefore a
higher incidence of AOM, it is possible that S salivarius K12 might have had a different effect.

Strengths and Limitations
The strengths of this trial include the randomized study design in a real-life setting to investigate the
primary prevention of AOM as diagnosed by primary care physicians. To include AOM episodes not
treated with antibiotics, we report all AOM episodes as a secondary outcome, because the national
guideline allowed watchful waiting as a treatment strategy during the study.18 Baseline information
showed balanced characteristics over study groups. The findings can be generalized to the general
child population for primary prevention of AOM. An additional strength is that we retrieved data on
the antimicrobial purchases from the comprehensive national register and reviewed all the original
medical records.

This study also has some limitations. A major limitation is that it was conducted during the
COVID-19 pandemic, when there was a very low circulation of several respiratory viruses.30

Furthermore, the study was conducted before the emergence of SARS-CoV-2 variants such as the

JAMA Network Open | Pediatrics Effectiveness of S salivarius Probiotics to Prevent Acute Otitis Media in Children

JAMA Network Open. 2023;6(11):e2340608. doi:10.1001/jamanetworkopen.2023.40608 (Reprinted) November 2, 2023 8/11

Downloaded from jamanetwork.com by University of Turku user on 01/05/2024



Omicron variant. The SARS-CoV-2 variants may promote the evolution of viral respiratory symptoms
to AOM, similarly to the rhinovirus.31 Had the study been conducted during circulation of different
SARS-CoV-2 variants, with a higher incidence of AOM, it might have yielded different results. In
addition, our commercially available chewable tablet for children 3 years or older included L
rhamnosus GG and P shermanii in addition to S salivarius K12. These probiotics may have interfered
with the probiotic effect of S salivarius. However, L rhamnosus GG has not been shown to reduce
AOM incidence.32 Furthermore, variability in AOM diagnostics between primary care physicians likely
exists, despite a national guideline for AOM diagnosis and management. The proportion of children
younger than 1 year is very low in day care centers in Finland. We opted not to offer this study to
these children, as their ability to consume oral powder was uncertain.

Conclusions

In this RCT, we found that daily use of the S salivarius K12 oral probiotic product for 6 months did not
reduce the occurrence of AOM in children attending day care. New approaches for the primary
prevention of AOM, the most common reason for antibiotic use in young children, are needed.
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