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Background: Probiotic lactobacilli have been ineffective in preventing
acute otitis media. In contrast to lactobacilli, alpha-hemolytic streptococci
belong to the core microbiome of nasopharynx.

Methods: We investigated the effects of Streptococcus salivarius K12 pro-
biotic on the saliva and nasopharyngeal microbiome in 121 children attend-
ing daycare. Children were randomly allocated to receive oral K12 product
for 1 month or no treatment. We obtained saliva and nasopharyngeal sam-
ples at study entry, at 1 and 2 months. The next-generation sequencing of
the bacterial 16S gene was performed.

Results: After the intervention, the diversity of saliva or nasopharyngeal
microbiome did not differ between groups. The proportion of children
with any otopathogen did not differ between the groups. At 1 month, the
abundance of otopathogens in nasopharynx was lower in K12 group com-
pared with that in control children (34% vs. 55%, P = 0.037). When we
compared each otopathogen separately, Moraxella was the only group
lower in the treatment group. We could not verify the reduction of Morax-
ella when an alternative Human Oral Microbiome Database taxonomy
database was used. In children receiving K12 product, the mean abun-
dance of S. salivarius was greater in saliva after the intervention (0.9%
vs. 2.0%, P =0.009).

Conclusions: The use of S. salivarius K12 probiotic appeared to be safe
because it did not disrupt the normal microbiome in young children. Even
though a short-term colonization of S. salivarius was observed in the saliva,
the impact of S. salivarius K12 probiotic on the otopathogens in naso-
pharyngeal microbiome remained uncertain.
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Acute otitis media (AOM) is the most common reason for an
antibiotic prescription for young children in developed coun-
tries.! The common bacterial otopathogens Streptococcus pneumo-
niae, Haemophilus influenzae and Moraxella catarrhalis inhabit
and coexist in the nasopharynx from early infancy.** A viral upper
respiratory tract infection (URI) enhances the adhesion and growth
of bacterial otopathogens and their rise from the nasopharynx to
middle ear.””’ For the primary prevention of AOM, pneumococcal
conjugate vaccine modestly decreases both its incidence®!! and
the need for tympanostomy.'? Influenza vaccination has little effect
on the incidence of AOM outside influenza epidemic season.'>!*
Xylitol chewing gums and oral mixtures are effective in preventing
AOM only if administered daily after every meal.'>-""

Probiotic products containing Lactobacillus rhamnosus GG
may be effective in preventing symptomatic viral URL'®2 How-
ever, lactobacilli do not belong to the nasopharyngeal core micro-
biome.?! Accordingly, the most studied probiotic lactobacilli have
proven ineffective in AOM prevention,” even when L. rhamnosus
GG nasopharyngeal colonization has been achieved.” In contrast
to lactobacilli, alpha-hemolytic streptococci belong to the normal
core microbiome of the oral cavity and nasopharynx.?*?¢ In an
interesting study by Roos et al,” an in-house alpha-streptococcal
mixture spray administered after the antibiotic treatment of AOM
effectively reduced the recurrence of AOM in children.

Novel methods for the primary prevention of AOM are
needed. Recently, commercially available products containing
Streptococcus salivarius strains K12, M18 or 24smb have been
developed for oral and dental healthcare.”3° S. salivarius is a part
of the healthy microbiota of the oral and nasopharyngeal cavity. S.
salivarius K12 was first extracted from the oral cavity of a healthy
schoolchild in New Zealand, and several strains have been devel-
oped since to protect and maintain oral health.’’ S. salivarius K12
employs both direct bacteria—bacteria and host-bacteria contacts
and indirect methods to defend its habitat from virulent bacteria.
Its defense mechanisms include bacteriocin-like inhibitory sub-
stances, including salivaricins. Salivaricins belong to the class of
lantibiotics, referring to their lanthionine-containing structure and
antibiotic-like mode of action.?! Salivaricins interact with the cell
walls of Gram-positive bacteria, generating a bacteriocidic effect.
Earlier, oral S. salivarius probiotic products have been shown to
successfully colonize the human oral cavity, saliva and pharynx and
to produce lantibiotic salivaricins.’?>* There are preliminary reports
of S. salivarius K12 use in preventing bacterial URI. Earlier clini-
cal studies using S. salivarius K12 products have focused on strep-
tococcal pharyngotonsillitis.>**¢ To date, few clinical studies have
been done on otitis media prevention. The existing preliminary
studies have mainly included otitis-prone children or children with
chronic secretory otitis media.’® The safety profile of S. salivarius
K12 products has been shown to be excellent in earlier studies.’

Recently, it was shown that probiotics may delay gut micro-
biome recovery after antimicrobial exposure.* Thus, probiotic
products may potentially have harmful effects on the diversity of
normal microbiome. Before entering large clinical efficacy trials of
S. salivarius K12 in prevention of AOM, we set out to investigate
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the microbiologic effects of oral S. salivarius K12 probiotic, an
over-the-counter probiotic product, on nasopharyngeal and saliva
microbiome in a randomized controlled trial. In addition, we com-
pared the relative abundance of otopathogens in nasopharyngeal
microbiome and S. salivarius in nasopharyngeal and saliva micro-
biome during the study.

METHODS
Study Design and Study Population

The study design of this research was a randomized con-
trolled clinical trial that was open to the families but blinded for
the microbiologic analyses. The children were randomly allocated
to a treatment or control group (2:1); those in the treatment group
received oral S. salivarius K12 product, while those in the control
group did not receive treatment but did undergo an otherwise iden-
tical clinical and microbiologic follow-up. Children <3 years old
were randomly allocated to receive either S. salivarius K12 soluble
powder or no treatment and older children were randomly allocated
to receive S. salivarius K12 chewable tablets or no treatment. We
first sent information letters about the clinical trial to all the parents
of children 1-6 years of age who attended 15 daycare centers in the
city of Oulu, Finland. In addition, study physicians attended par-
ents’ meetings held in the evening at the daycare centers and gave
presentations about the clinical trial before the study.

We offered participation to all children attending the day-
care centers, as attending daycare is a known risk factor for AOM
in children.*® Only children whose parents gave their written
informed consent were enrolled. A clinical ear examination with
otoscope was performed upon study entry to reveal currently pre-
sent otorrhea or middle ear effusion. We excluded children with
present chronic secretory otitis media or other middle ear effusion
at study entry, continuous antibiotic prophylaxis or an immune
system disorder. Children with a history of recurrent otitis media
or otorrhea and children with present or earlier tympanostomy
tubes were included. During the study period, altogether 92% of
the children in the city of Oulu had received at least 1 dose of
PCV10 vaccine.*! In total, 27% of children <3 years and 14% of
3—6 years old children received the influenza vaccination in 2017-
2018 influenza season.*!

Children were recruited between October 5, 2017, and
November 25, 2017. The study physician collected background
data about the patients, including previous antibiotic history from
electronic medical records and the national electronic prescription
registry.

The study plan was found acceptable by the Ethical Com-
mittee of Oulu University Hospital, Oulu, Finland, and by the Finn-
ish Medicines Agency. The study was registered at clinicaltrialsreg-
ister.eu, with EudraCT registration code 2017-000820-83, before
the study. The study design and reporting were performed accord-
ing to CONSORT guidelines.

Randomization and Sample Size

The randomization lists and sheets were created by a bio-
statistician with computerized block randomization using permuted
blocks of 6 according to age. One to three years old children were
not randomized to receive chewing tablet products. Parents were
not involved in the randomization process. The individual rand-
omization sheets were then inserted into opaque envelopes with
ascending numbers on the cover. The study physician opened each
sealed randomization envelope after receiving the written informed
consent. The interindividual variation in the nasopharyngeal micro-
biome was still largely unknown during the planning phase of the
study. However, a sample size of 40 children had yielded clinically
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different outcomes in gut microbiome studies.** Thus, we decided
to recruit at least 40 children per group.

Study Products and Feasibility Questionnaire

Study products containing S. salivarius K12 were used daily
for 30 days after the study entry. A S. salivarius chewable tablet
is available in Finland as a commercial over-the-counter probiotic
product (ToothGuide, GutGuide Ltd., Halikko, Finland). A daily
dose was 1 chewable tablet containing 1 x 10° colony-forming units
(CFUs) of S. salivarius K12, a quantity that has previously been
successful in the nasopharynx of adults. A daily dose of oral soluble
powder, produced by Bluestone Pharma GmbH, Switzerland, for
GutGuide Ltd., contained S. salivarius K12 5 x 10° CFU per sachet.

Parents were instructed to administer the daily dose after
the children had brushed their teeth every evening before going to
sleep. The products were given to the parents with written instruc-
tions at recruitment. Children in the control group did not receive
any products but received the same information about the follow-
up. The consumption of other probiotic products during this trial
was discouraged verbally. After the study, the parents were sent a
questionnaire about the feasibility of the products. We estimated
the ease of use with a corresponding Likert score (1 = strongly disa-
gree, 2 = disagree, 3 = no opinion, 4 = agree, 5 = strongly agree).

Study Visits and Microbiologic Samples

The study physician obtained nasopharyngeal samples and
saliva samples at study entry, at 1 and 2 months after the study
entry. A nasopharyngeal bacterial swab sample was obtained using
a sterile flocked swab (Copan, Brescia, Italy) and transferred imme-
diately into a sterile tube containing 1 mL liquid Amies solution
(eSwab, Copan, Brescia, Italy). Saliva samples were collected
using saliva collection sponge spears (Visitec, Beaver-Visitec).
All samples were cooled and delivered on wet ice for processing
and storage. The saliva tubes were centrifuged for 17 minutes at
1500 rpm. The saliva collection sponge spears were then discarded,
and the saliva was stored as such. All samples were stored at —20°C
until DNA extraction and next-generation sequencing.

Microbiome Analysis of Nasopharyngeal and
Saliva Samples

DNA extraction for both nasopharyngeal and saliva samples
was performed using the QIAamp PowerFecal DNA Kit, according
to the protocol provided by the manufacturer with a few modifica-
tions. Before DNA extraction, the nasopharyngeal samples were
centrifuged at 10,000 rpm for 10 minutes, and the supernatant was
discarded to increase the yield of DNA. After this, extraction started
from the beginning. For both sample types, the incubation tempera-
ture in step 4 of the manufacturer’s instructions was increased to
95°C. The C2 and C3 solutions, as well as their respective incu-
bations and centrifuging, were combined. The final product was
eluted to 50 pL to further increase the DNA yield. The concentra-
tions and purities were measured using a Nanodrop spectrometer.

The bacterial hypervariable regions V4-V5 of the 16S rRNA
gene were amplified using primers F519 and 926trP1. The F519
primer contained Ion Torrent pyrosequencing adapter sequence A
(Lifescience Technologies), a 9-bp unique barcode sequence, and
1 nucleotide linker. The 926trP1 primer contained an Ion Torrent
adapter trP1 sequence. Polymerase chain reaction (PCR) was per-
formed on a Veriti 96-Well Thermal Cycler by Applied Biosystems
in triplicates, each containing 1 x Phusion GC buffer, 0.4 uM of for-
ward and reverse primers, 200 uM of deoxyribonucleotide triphos-
phates (ANTPs), 0.5 U of Phusion enzyme (Thermo Scientific, Van-
taa, Finland), and approximately 30-50ng of genomic community
DNA as the template and molecular grade water, for a total reaction
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volume of 50 pL. Triplicate reactions were made for all samples,
and after PCR, the triplicates were combined into 1 sample. The
following cycling conditions were used for bacteria: 35 cycles of
98°C, 10 seconds; 65°C, 15 seconds; and 72 °C, 30 seconds after
an initial denaturation of 98 °C, 3 minutes. The PCR products were
purified with the AMPure XP PCR Clean-up Kit by Agencourt Bio-
science. The DNA concentration was measured with a bioanalyzer
DNA chip by Agilent Technologies.

For the forward primer, a common 926trP1 primer was used
(Table, Supplemental Digital Content 1, http://links.lww.com/INF/
E255). For reverse primers, 192 unique, barcoded primers were
prepared. PCR was performed on the Veriti 96-Well Thermal
Cycler by Applied Biosystems. Triplicate reactions were made of
all samples, and after PCR, the triplicates were combined into 1
sample. The gel for the agarose gel electrophoresis was made of
1 x TE buffer and 1.5% agarose. Ethidium bromide was used as a
fluorescent tag. A total of 15 pL of the DNA sample was mixed
with 5 puL of loading dye. The first well was filled with 10 pL using
a MassRuler or GeneRuler 100 bp DNA ladder, and the rest were
filled with 20 pL of the DNA sample and loading dye mix. The
agarose gel electrophoresis was left running for approximately 75
minutes, with 90 V and 400 mA. The gels were imaged using a
VersaDoc instrument. The PCR products were purified using the
AMPure XP PCR Clean-up Kit by Agencourt Bioscience. DNA
concentration was measured with a bioanalyzer DNA chip by Agi-
lent Technologies.

The samples were pooled in equimolar amounts, and the
pooled sample was purified again using the AMPure XP Kit. The
DNA concentration for the final product was measured using the
Quant-iT PicoGreen dsDNA Assay Kit by Thermo Fisher Scien-
tific. For sequencing, the Ion PGM Hi-Q View OT2 Kit for 400 bp
protocol, Ion PGM Hi-Q View Sequencing Kit, and Ion 316 v2
chips were used. The sequencing was performed with an Ion Tor-
rent PGM instrument.

Raw reads from the sequencing runs were obtained from
the Ton Torrent PGM instrument in multiplexed FASTQ-formatted
text files. Sequences shorter than 200 base pairs were removed with
Cutadapt and imported into QIIME 2 (qiime2-2018.8).* In QIIME
2, the reads were demultiplexed using barcode metadata, and prim-
ers were trimmed using the QIIME 2 Cutadapt plugin. Sequences
were denoised using the QIIME 2 DADA?2 plugin, with the trim-
ming length from the left set at 30 and truncated to a total length
of 360. After DADA2, data from each run were combined into a
single feature table and representative sequence files. Features
that were found only in 1 sample and those that had less than 100
reads across all samples were removed using the QIIME 2 feature-
table plugin. We performed all analyses in duplicate because we
used 2 different reference databases for taxonomy classification of
sequencing results: SILVA and Human Oral Microbiome Database
(HOMD). Taxonomy was assigned using the QIIME 2 feature-clas-
sifier plugin, with a Naive Bayes classifier trained on the SILVA and
HOMD, trimmed to the 16S primers used in PCR. Every feature not
classified into the kingdom “bacteria” was removed from both the
feature table and representative sequence files. Chimeric reads were
removed from sequences with the QIIME 2 vsearch plugin. Sam-
ples containing less than 1000 reads were excluded and the data
was rarefied to a depth of 1000 for alpha and beta diversity analy-
ses. Samples were collapsed to phylum and species levels with the
QIIME 2 and transformed to relative abundance feature tables. We
performed principal coordinate analysis and illustrated the micro-
biome using the Krona visualization tool. Beta diversity group dif-
ferences were tested with PERMANOVA using q2-diversity plugin.
All microbiome data were uploaded to NCBI BioProject database
with accession number PRINA603433.
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Outcomes and Statistical Analysis

We first compared the change in the nasopharyngeal and
saliva microbiome composition, including microbiome diversity
features and the relative abundance of phyla and amplicon sequence
variants, in children receiving S. salivarius K12 treatment and con-
trol children. Second, we compared the proportion of children with
any otopathogen in the nasopharyngeal microbiome, and the mean
relative abundance of otopathogens (S. pneumoniae, H. influenzae,
Streptococcus pyogenes and Moraxella), calculated for each sam-
ple separately, in both the groups. In addition, in children receiving
S. salivarius K12 probiotic, we compared the relative abundance of
S. salivarius, not specific for K12 strain, in saliva and nasopharyn-
geal microbiomes before and after the 1-month intervention. Of
note, the relative abundance variables used indicated the propor-
tion of sequences compatible with the taxonomic sequences in the
microbiome analysis and were not a measure of the absolute bacte-
rial counts in the samples.

When analyzing the relative abundances, there were differ-
ences in the results obtained by using SILVA and HOMD refer-
ence databases used for taxonomic classification. For primary out-
come analysis, diversity measures and abundance of main phyla
and genera, both databases were used separately to investigate the
reproducibility of the analysis. For otopathogen analysis, SILVA
database was used because HOMD database did not recognize S.
pneumoniae. HOMD database was used for S. salivarius analysis
because SILVA database did not recognize S. salivarius. Neither
database recognized Moraxella catarrhalis directly. For the out-
come variable labeled as “Moraxella,” we produced an estimate for
M. catarrhalis by extracting other specifically identified Moraxella
species from all Moraxella features (Moraxella spp.) using both
databases.

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows (Version 26.0, IBM Corp., Armonk, NY). Inde-
pendent samples t-tests, with the 95% confidence interval (CI) of
the differences, were used to determine differences in the relative
abundances of otopathogens and of microbial features between the
S. salivarius K12 and control groups.

RESULTS

Study Population

We enrolled 121 children in this study. Altogether, 81 chil-
dren were randomly allocated to receive S. salivarius K12 product:
40 children in the S. salivarius K12 powder group and 41 in the S.
salivarius K12 tablet group (Fig. 1). Altogether, 40 children were
randomly allocated to the control group (Table 1). During the study,
a total of 293 nasopharyngeal swabs and 296 saliva samples were
collected. None of the children had chronic perforation or chronic
otorrhea. Two children had tympanostomy tubes in place at recruit-
ment visit.

Microbiome Composition in Nasopharyngeal and
Saliva Microbiomes

Microbiome composition of nasopharyngeal samples dif-
fered clearly from that of saliva samples in principal coordinate
analysis (Figure, Supplemental Digital Content 2, http://links.
Iww.com/INF/E256). When comparing the microbiome compo-
sition between the treatment groups, there were no statistically
significant differences in the diversity, or relative abundances of
phyla between the S. salivarius K12 product group and the control
group during the study in the nasopharyngeal or saliva microbi-
ome [Table 2 according to SILVA, Supplemental Digital Content 3,
http://links.lww.com/INF/E257 (Table) according to HOMD with
amplicon sequence variants]. When comparing the nasopharyngeal

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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15 day-care centers with
600 children

Information letters and evening sessions at

Y

Written informed consent
121 children

v

Randomization 2:1
Streptococcus salivarius K12: No treatment

121 children

—_—

Salivarius K12
81 children

Chewing tablet 41
Soluble powder 40

No treatment
40 children

At study entry
Nasopharyngeal swab 79
Saliva sample 80

At study entry
Nasopharyngeal swab 40
Saliva sample 40

v

¥

At 1 month
Nasopharyngeal swab 59
Saliva sample 59

At 1 month
Nasopharyngeal swab 34
Saliva sample 35

v

'

At 2 months
Nasopharyngeal swab 56
Saliva sample 56

At 2 months
Nasopharyngeal swab 25
Saliva sample 26

FIGURE 1. Study design.

microbiomes of treatment groups with principal coordinate analy-
sis after intervention, there was no clear clustering according to the
treatment group (Figure, Supplemental Digital Content 4, http://
links.lww.com/INF/E258). No statistical significance was found
between the treatment groups using beta diversity distances (naso-
pharynx P = 0.23 and saliva P = 0.45).

Streptococcus salivarius and Otopathogens

In children receiving S. salivarius K12 product, the mean
relative abundance of S. salivarius increased during the 1-month
study intervention from 0.9% (SD 1.6%) to 2.0% (SD 2.7%) in
saliva (difference: 1.4%, 95% CI: 0.3%-2.0%, P = 0.009) (Fig. 2).
After the intervention was stopped, the mean relative abundance of
S. salivarius in saliva microbiome decreased to 0.8% (SD 1.3%)

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

at 2 months (95% CI of the difference 0.4%-2.1%, P = 0.004). In
the nasopharyngeal microbiome, the mean relative abundance of
S. salivarius did not increase statistically significantly during the
intervention (1.9% (SD 5.0%) at 0 month vs. 3.4% (SD 5.3%) at 1
month, 95% CI of the difference —3.6% to 0.6%, P =0.162) (Fig. 2).

The proportion of children with any otopathogen in the
nasopharyngeal microbiome did not differ between the groups after
the intervention at one month (Table 3).

At study entry, otopathogens (S. pneumoniae, H. influ-
enzae, S. pyogenes and Moraxella) consisted of 36% of the total
nasopharyngeal microbiome in the S. salivarius K12 group and
40% in the control group, with no statistically significant differ-
ence between the groups (difference: 4 %; 95% CI: —12% to 20%);
P = 0.62) (Figure, Supplemental Digital Content 5, http://links.
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TABLE 1. Baseline Characteristics in Control Children
and in Children Receiving S. salivarius K12 Product

Treatment Groups

S. salivarius Control

Characteristic K12 Group Group
Total, N 81 40

Boys, % 41 (51) 22 (55)

Girls, % 40 (49) 18 (45)
Age, yrs (mean, SD)* 4.2 (1.5) 3.5(1.5)
No. AOM (mean, SD) 3.0(2.7) 3.7(4.4)
Parental smoking (yes, %) 13 (19) 4(10)
Pacifier

Ever, % 57 (80) 25 (66)

Months (mean, SD) 16 (12) 11(11)
Number of siblings (mean, SD) 2.0 (2.7 1.2(1.2)
Siblings” AOM (mean, SD) 4.2 (6.7) 4.0 (7.1)
Total previous courses of systemic
Antibiotics (mean, SD) 2.8(2.9) 4.1(5.6)
Duration of daycare, mo (mean, SD) 22 (14) 18 (15)
Breast-feeding

Ever (%) 68 (96) 38 (100)

Duration of, months mean (SD) 10 (6.9) 9.6 (5.1)
Tympanostomy

Ever (yes, %) 12 (15) 6 (15)

At recruitment 1(1.2) 2(5.0)

*The mean age of children receiving oral powder was 3.6 years (SD: 1.6), and the
mean age of those receiving chewable tablets was 4.8 years (SD: 1.2).

Iww.com/INF/E259, Table, Supplemental Digital Content 6, http://
links.lww.com/INF/E260). After the intervention, the mean relative
abundance of otopathogens in the nasopharyngeal microbiome was
lower in the S. salivarius K12 group (34%) compared with that in
the control group (55%) (difference: 21%; 95% CI: of the differ-
ence 1.3%—41%; P = 0.037) (Figure, Supplemental Digital Con-
tent 2, http://links.lww.com/INF/E256, Table, Supplemental Digital
Content 3, http://links.lww.com/INF/E257). One month after stop-
ping the intervention, the abundance of otopathogens was lower in
the treatment group (36%) than that in the control group (50%),
but the difference was not statistically significant (difference: 14%;
95% CI: —10% to 37%; P = 0.26).

When we compared the mean abundance of each otopatho-
gen separately, Moraxella was the only pathogen lower in the treat-
ment group after the intervention, according to SILVA database
(Table, Supplemental Digital Content 3, http://links.lww.com/INF/
E257). We could not verify the reduction of Moraxella, when we
used HOMD database in the analysis for Moraxella [relative abun-
dance 9% (SD19%) in the K12 group versus 10% (20%) in the
control group at 1 month, 95% CI of the difference —8.7% to 12%,
P = 0.76]. Moraxella partly contained commensals in addition to
M. catarrhalis because SILVA or HOMD taxonomy reference data-
bases did not detect M. catarrhalis directly.

Use of Other Probiotics and Antibiotics During the
Study

During the intervention, 19% of children (15/78) receiving
S. salivarius K12 product and 35% of control children (17/48) had
intermittently received some other probiotic product (P = 0.058),
including Lactobacillus reuteri, L. rhamnosus GG, Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus casei, Bifido-
bacterium longum, Bifidobacterium bifidum, Bifidobacterium breve
and S. thermophilus were used at least once during the trial. The mean
number of antibiotic courses per participant did not statistically dif-
fer during the 1-month intervention period, 0.10 (SD 0.30) in the
treatment group and 0.06 (SD 0.23) in the control group (P =0.37,
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95% CI of the difference —0.14 to 0.05), or during the month after
the intervention, 0.02 (0.15) versus 0.08 (0.28) (P = 0.22, 95% CI
of the difference —0.04 to 0.16).

Feasibility of the Study Products

In total, 88% of the children in the oral powder group and
81% in the tablet group consumed the product daily. Altogether,
82% of the children in the oral powder group and 84% in the tab-
let group liked the products, with Likert score =4 upon asking the
child if they found the study products good overall. In total, 94% of
the children in the oral powder group and 77% in the tablet group
were satisfied with the product’s taste. In total, 61% of the parents
in the oral powder group and 87% in the tablet group found the
product easy to use.

DISCUSSION

In this randomized trial, the biodiversity of the naso-
pharyngeal or saliva microbiomes did not change in children
receiving S. salivarius K12 probiotic as compared with those
receiving no treatment. Thus, the probiotics did not alter the
overall composition of the microbiome or eradicate the normal
nasopharyngeal or saliva microbiome in children. This is a rel-
evant finding, as the physiologic functions of a normal microbi-
ome are only partly understood.?! It is known that the increase in
otopathogen abundance and loss of beneficial microbes precede
recurrent upper respiratory tract infections and AOM.>*¢ Thus,
any profound changes in the microbiome are not desired because
we currently lack thorough understanding of host-microbiome
interactions and its impacts in healthy individuals. In this respect,
the present study shows that S. salivarius K12 probiotic is likely
safe to use in young children because it does not disrupt the nor-
mal microbiome.

In the present study, in children treated with oral S. sali-
varius K12 product, the relative abundance of S. salivarius in saliva
microbiome was higher after than before intervention. Even though
the relative abundance of bacteria, used in the study, do not meas-
ure the absolute bacterial counts in the samples, our finding is line
with earlier reports showing that the local colonization is achieved
after the consumption of S. salivarius probiotics.>* The observed
effect appeared to be short-term and vanished within 1 month in the
present study.

After the 1-month intervention, in the present study, the
relative abundance of otopathogens in the nasopharyngeal micro-
biome was lower in children receiving K12 product than in those
receiving no treatment. The relative abundance, commonly used in
microbiome studies, does not measure absolute bacterial counts.
Furthermore, M. catarrhalis was not directly detected by nei-
ther taxonomy reference database used in the study. Thus, the
observed effect may be explained by the change in the abundance
of commensals with close taxonomic proximity with M. catarrha-
lis. Finally, the proportion of children with at least 1 otopatho-
gen in nasopharyngeal microbiome did not change between the
groups. Thus, the impact of oral S. salivarius K12 probiotic on
the otopathogens in the nasopharyngeal microbiome of children
remains uncertain.

The strength of the present study is the high-quality rand-
omized study design with an interesting microbiologic primary out-
come, microbiome composition formed using modern 16S rRNA
next-generation sequencing. It is meaningful to characterize the
overall microbiome effects before starting any clinical trials inves-
tigating probiotics in children. Earlier, the impact of most probi-
otic products on microbiome in children has seldom been reported
even though probiotics might interfere with normal microbiome
and result in unexpected results.* Furthermore, a prospective study

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. The Biodiversity of Nasopharyngeal and Saliva Microbiomes During the
Study and the Changes in the Mean Relative Abundances (%) in the Microbiome at
the Phylum Level, According to SILVA Taxonomy Classification

S. salivarius 95 % CI of
Outcome K12 Control the Difference
Nasopharyngeal microbiome*
At study entry
Relative abundance of main phyla, mean % (SD)
Actinobacteria 8.3 (16) 14 (23) -4.1to 16
Bacteroidetes 9.3 (15) 3.6 (4.1) -99to0 1.6
Firmicutes 56 (29) 58 (27) -11to 15
Fusobacteria 0.3 (1.1) 0.4 (0.8) -0.5to 0.4
Proteobacteria 25 (30) 24 (22) -14 to 12
Diversity, mean (SD)
Observed OTUs 21(9.2) 25 (13) -9.5t014
Shannon index 2.6 (1.2) 2.4 (1.0) -0.7t0 0.3
Faith index 2.6 (1.1) 2.4(0.8) -0.7t0 0.2
At 1 mo (after intervention)
Relative abundance of main phyla, mean % (SD)
Actinobacteria 8.3 (16) 10 (18) -7.4t011
Bacteroidetes 8.2 (12) 2.4(3.3) -9.9 to 1.7
Firmicutes 56 (28) 51 (35) -22 to 11
Fusobacteria 0.5(1.2) 0.2 (0.4) -0.8t0 0.1
Proteobacteria 25 (30) 35 (38) -7.5to 28
Diversity, mean (SD)
Observed OTUs 23 (12) 20 (10) -9.7t0 3.1
Shannon index 2.7(1.2) 2.1(1.2) -1.2t00.1
Faith index 2.5(1.1) 2.2 (1.1) -0.8t0 0.4
At 2 mo (1 mo after stopping intervention)
Relative abundance of main phyla, mean % (SD)
Actinobacteria 9.5 (14) 3.0 (3.7) -12to-1.4
Bacteroidetes 6.4 (10) 7.9 (15) -5.9t09.0
Firmicutes 54 (29) 44 (35) -29t09.9
Fusobacteria 0.3 (0.6) 0.7 (1.2) -0.4to01.1
Proteobacteria 29 (30) 44 (37) -6.1t0 35
Diversity, mean (SD)
Observed OTUs 25 (11) 28 (12) -3.8t0 10
Shannon index 2.6 (1.1) 2.4 (1.3) —-0.9 to 0.6
Faith index 2.7(1.0) 2.7(0.9) —0.6 to 0.7
Saliva microbiomef
At study entry
Relative abundance of main phyla, mean % (SD)
Bacteroidetes 28 (12) 26 (13) -6.9 to 3.3
Firmicutes 52 (15) 54 (15) -4.0t0 8.5
Fusobacteria 4.2 (3.7) 3.8 (2.7) -1.8t0 1.0
Proteobacteria 14 (9.9) 14 (8.5) -4.1t0 3.7
Diversity, mean (SD)
Observed OTUs 44 (13) 48 (15) -1.2t09.9
Shannon index 4.0 (0.6) 4.2 (0.6) -11to 36
Faith index 4.0 (0.8) 4.2(0.8) -12 to 52
At 1 mo (after intervention)
Relative abundance of main phyla, mean % (SD)
Bacteroidetes 20 (12) 24 (12) -0.02 to 0.09
Firmicutes 61 (18) 58 (16) -11to 4.7
Fusobacteria 2.8 (4.8) 2.8 (2.5) -1.8t01.8
Proteobacteria 13 (11) 14 (8.8) -4.1t05.2
Diversity, mean (SD)
Observed OTUs 37 (14) 39 (14) -3.7t08.9
Shannon index 3.8(0.6) 3.9(0.5) -9.6 to 43
Faith index 3.6 (0.9) 3.7(0.9) -12 to 52
At 2 mo (1 mo after stopping intervention)
Relative abundance of main phyla, mean % (SD)
Bacteroidetes 23 (12) 27 (14) -2.1t0 10
Firmicutes 57 (15) 54 (15) -11t03.8
Fusobacteria 2.8 (2.5) 3.7(3.2) -0.4 to 2.2
Proteobacteria 16 (14) 14 (7.3) -7.7to4.1
Diversity, mean (SD)
Observed OTUs 39 43 -2.0 to 10
Shannon index 3.8 3.9 —-19 to 46
Faith index 3.7 3.8 -19 to 51

The relative abundances do not indicate the absolute bacterial counts. None of the differences was statistically significant with
a Bonferroni correction significance level adjusted for the multiple comparisons.

*The relative abundance of Acidobacteria, Cyanobacteria, Epsilonproteobacteria and Tenericutes was <2%, with no statistically
significant differences between the groups.

¥The relative abundance of Acidobacteria, Actinobacteria, Cyanobacteria, Epsilonproteobacteria, Moraxella, Haemophilus
influenzae, Porphyromonas and Tenericutes was <2%, with no statistically significant differences between the groups.

OTU indicates operational taxonomic unit.
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FIGURE 2. Streptococcus salivarius in nasopharyngeal microbiome and saliva during the study. The impact of S. salivarius K12
on the relative abundance of S. salivarius (not specific for K12 strain) in the nasopharyngeal microbiome (A) and in the saliva
(B) in children receiving K12 product for 1 month after study entry.

design with both nasopharyngeal and saliva samples from young
children before and after the intervention was a demanding effort in
practice and was successfully conducted.

TABLE 3. The Proportion of Children With
Otopathogens in the Nasopharyngeal Microbiome
(SILVA Database) at Recruitment, After Intervention
at 1 Month, and 1 Month After Stopping Intervention,
According to the Treatment Group

S. salivarius Control 95 % CI of
K12 (%) (%) Difference
Recruitment N=81 N =40
Streptococcus pneumo- 50 48 —24% to 20%
niae
Streptococcus pyogenes 17 19 -15% to 21%
Moraxella* 90 100 -2.6% to 21%
Haemophilus influenzae 22 19 -21% to 17%
Any otopathogent 91 100 -4.3% to 19%
At 1 mo (after intervention)
S. pneumoniae 37 36 -24% to 25%
S. pyogenes 21 14 -26 to 15%
Moraxella* 82 86 =17 to 24%
H. influenzae 32 27 -27% to 21%
Any otopathogent 95 96 -17% to 14%
At 2 mo (1 mo after
stopping intervention)
S. pneumoniae 57 39 -45% to 13%
S. pyogenes 11 31 -3.0% to 49%
Moraxella* 87 100 -11% to 28%
H. influenzae 19 15 —24% to 26%
Any otopathogent 89 100 -14% to 25%

*Likely contains commensals in addition to M. catarrhalis due to the characteristics
of taxonomy reference database.

TAny otopathogen includes the proportion of children with S. pneumoniae, S. pyo-
genes, Moraxella or H. influenza.
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There are several limitations in the present study. The rela-
tive abundances of bacteria are commonly reported in microbiome
research as in the present study. The relative abundances do not
measure the absolute bacterial counts, however, and may produce
variable results depending on the chosen reference database and
laboratory conditions. Furthermore, Moraxella variable, used in the
present study, may partly consist of commensal bacteria. Finally,
the sample size was limited for subgroup comparisons of differ-
ent otopathogens. The use of other probiotics was discouraged dur-
ing this trial. Probiotics and probiotic containing foods, however,
were frequently used in the study population, which modify the
treatment effects. Furthermore, the study participants had received
pneumococcal conjugate vaccine (PCV10) as a part of their child-
hood immunization program. Recently, Salgado et al*’ concluded
that PCV10 vaccination status does not significantly alter the naso-
pharyngeal microbiome. Yet, PCV has markedly reduced the inci-
dence of invasive pneumococcal diseases***’ and the incidence of
AOM and the implied cost and disease burden from pneumococ-
cal diseases.’*2 Even though the clinical effectiveness of S. sali-
varius K12 product may be useful to study in AOM prevention in
the future, the impact of such intervention might have been greater
before the pneumococcal conjugate vaccine era.

For the specific interpretation of the next-generation
sequencing results, it is noteworthy that PCR-based amplification
bias is well documented in the mixed-template PCRs.>* PCR-based
methods may increase the low-concentrated DNA from the samples
and lead to differences in the relative abundances of species.’
DNA from different species amplify at different rates depending on
the number of PCR cycles and primer affinity to the template.> To
overcome this limitation in the present study, we used a maximum
of 35 PCR cycles during amplification and used strict quality meas-
ures in DADA?2 analysis to remove chimeric sequences.’” The 16S
rRNA sequencing is the most widely used tool to identify bacterial

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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communities and most of the next-generation sequencing platforms
use short-length reads. The short-read sequencing has a limitation
in identification at the species level.®® We have used Ton Torrent
sequencing platform, with a read length of 400 bp to overcome the
limitation. Ion Torrent platforms have a high error rate because of
the nature of the semiconductor sequencing technology. However,
it is well suited for targeted amplicon sequencing such as bacterial
16S and antimicrobial resistance gene sequencing.>%

In summary, in a randomized trial, oral S. salivarius K12

probiotic did not disturb the diversity of saliva or nasopharyngeal
microbiomes in children attending daycare. Even though there was
a short-term increase in S. salivarius in the saliva microbiome of
children receiving oral K12 product, the impact on the otopatho-
gens remained uncertain.
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