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ABSTRACT

BACKGROUND. Bacteriocins are peptides with antimicrobial efficacy produced by certain bacterial species. Probiotics indeed
seem a promising method in the prevention of upper respiratory infections and our study would like to contribute to the results
available in the literature, in order to underlie their true therapeutic potential role.

MATERIAL AND METHODS. Our multicenter pilot prospective study investigates 366 patients from September 2015 to
February 2016. All the patients were treated with a topical device made up of a suspension of two specific bacterial strains:
Streptococcus salivarius 24SMB and Streptococcus oralis 89a to be administered as nasal spray. The nasal spray was adminis-
tered twice daily for 7 days per month for three consecutive months. A questionnaire about the subjective efficacy of the
therapy correlated to an improvement of symptoms was also collected from patients.

RESULTS. After one year from the enrolment, a 70.07% reduction in the number of events compared with the number of
expected episodes was observed.

CONCLUSION. The aim of our data is to propose a new therapeutic approach to treat the recurrence of upper airway infec-
tion and to support an adequate therapy in all cases where the traditional antibiotic therapeutic protocol did not obtain com-
pletely efficient results in terms of recurrence.
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INTRODUCTION

Microbes in the human body, like in any other liv-
ing organism, tend to adapt to their environment and
also to the associated changes. Commensal microor-
ganisms and their metabolites maintain the stability
of their habitat and the health of their host in what
is often viewed as a symbiotic system. Inflammation
or components of host defence, elicited as a result
of the disease condition, create an environment in
which certain microbes can or cannot grow and re-
produce'?. Whether microbiome changes are a cause
or an effect of inflammatory disease remains to be an-
swered for multiple chronic inflammatory conditions
associated with disrupted epithelia.

Occupation of vacant upper respiratory tract
(URT) niches is the way to provide resistance to col-
onization: a foreign pathogen has to compete with
the commensal flora for adhesion receptors on the
mucosal surface as well as nutrients. If the invading
pathogen is able to bind surface receptors, it can ad-
here, replicate and cause disease. Another strategy to
compete with invading pathogens is the production
of antimicrobial compounds: for example, S. pneu-
moniae produce hydrogen peroxide, which is bacte-
ricidal for S. aureus®.

Bacteriocins are peptides with antimicrobial effica-
cy produced by certain bacterial species: S. salivarius
presumably inhibits the growth of S. pyogenes by pro-
duction of bacteriocins*.

The large surface of the nasal cavity contains niches
shaping the ecosystem’s habitat, and antibiotic treat-
ment or new invading pathogens can break the bal-
ance™’.

Preserving biodiversity is paramount in ecological
communities: it is possible by the presence of so-called
keystone species, the loss of which would result in ex-
tinction of many other microorganisms’.

Through the mechanisms and molecules of the
innate immunity®'’, specifically the expression of dif-
ferent TLRs on the respiratory epithelial cells, com-
mensal bacteria and pathogens orchestrate microbi-
ota diversity. Colonization resistance might be dimin-
ished by invading pathogens that induce a low-grade,
asymptomatic inflammation, which facilitates invasion
by pathogenic bacteria. For example, colonization
with Proteobacteria such as non-typeable H. influen-
zae is accompanied by alterations in the epithelial bar-
rier of the large airways thickness and production of
early pro-inflammatory cytokines''.

On the contrary, commensal strains, such as Prevo-
tella, in lungs with Chronic Obstructive Pulmonary
Disease, antagonise pathogens LPS-mediated TLR4-
signalling, dampening downstream signaling, thereby
contributing to mucosal homeostasis and coloniza-
tion resistance versus pathogens'2.

In turn, environmental factors such as cigarette
smoke can exacerbate the inflammatory response to a
bacterial challenge via skewed inflammatory mediator
expression'?.

The interplay between innate immunity and mu-
cosal microbial communities makes the healthy mi-
crobiome an important component of the epithelial
barrier'.

The most largely studied commensal microorgan-
ism of the upper airways has been a-hemolytic Strep-
tococcus, taking into account that its presence in the
nasopharynx could interfere with survival and mul-
tiplication of pathogens more frequently associated
with Acute Otitis Media (AOM) development'>'S,

More recently, Streptococcus salivarius, an
o-hemolytic Streptococcus isolated from the phar-
ynx of healthy subjects, has received attention. It is
a potential nasopharyngeal probiotic, thanks to its
immunomodulatory and anti-inflammatory skills, its
production of plasmid-encoded bacteriocins and its
good safety profile'”'®. Recently, Marchisio et al. re-
ported the results of the 1st study in which Streptococ-
cus salivarius 24SMB, with significant activity against
AOM pathogens, was intranasally administered in oti-
tis-prone children'. Probiotics indeed seem a prom-
ising method in the prevention of upper respiratory
infections and our study would like to contribute the
results available in the literature, in order to underlie
their true therapeutic potential role.

The aim of our data is to propose a new therapeu-
tic approach to treat the recurrence of upper airway
infection and to support an adequate therapy in all
cases where the traditional antibiotic therapeutic pro-
tocol did not obtain completely efficient results in
terms of recurrence.

MATERIAL AND METHODS

Our multicenter pilot prospective study enrolled
366 patients from September 2015 to February 2016.
We investigated 224 children (134 males and 90 fe-
males), with a median age of 7.5 years, and 142 adults
(78 female and 64 male) aged 18 to 65 years. The pa-
tients, after anamnestic data collection and clinical
evaluation, reported recurrent upper airway pathol-
ogy treated with systemic antibiotic therapy by their
own family physician. The upper airway recurrent pa-
thology was collected in Table 1.

The exclusion criteria were severe concomitant dis-
eases, or, in case of children, negative consensus from
their parents/caregivers. Patients leaving the thera-
peutic protocol during the first observational period
were also excluded. All the patients were treated with
a topical device made up of a suspension of two spe-
cific bacterial strains: Streptococcus salivarius 24SMB
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Table 1

Percentage of upper airway recurrent (UAR) pathologies enrolled and their distribution among adults and children

Adenoiditis & Tonsillitis Adenoiditis Acute otitis media Acute rhinosinusitis
31.15% 13.11% children 14.76% 40.98%
21.20% children 11.20% children 34.95%children
9.95% adults 3.56% adults 6.03% adults

and Streptococcus oralis 89a to be administered as na-
sal spray. The nasal spray was administered twice daily
for 7 days per-month for three consecutive months.
All the enrolled patients were treated previously with
an antibiotic therapy, as advised by their own general
practitioner and started the new intranasal disposable
spray only after 10 days of wash out from antibiotic
therapy. The treatment was associated with saline na-
sal irrigations in 40% of patients, in 6% with vasocon-
strictor drops and in 6% with oral antihistamines if a
concomitant allergic sensitization was present. A ques-
tionnaire about the subjective efficacy of the therapy
correlated to an improvement of symptoms was also
collected from adult patients and from children’s par-
ents and/or caregivers.

RESULTS

One year after from the enrolment, a 70.07% re-
duction in the number of events compared with the
number of expected episodes was observed (Figures
1, 2). We want to point out that the number of expect-
ed events is a value obtained from the clinical history
provided by the patients.

Considering the number of recurrent episodes in
specific pathologies, similar results were observed. In
fact, one year later, the treatment has proven to be
able to reduce the rate of relapses by a single disease
of about 70%. The frequency of recurrences was eval-
uated as the reduction of episodes during the follow-
up at 3, 6 and 12 months (Figure 3).

Most of the recurrences (56.10%) occurred in the
first months of treatment (October-January) likely due
to seasonal reasons, with a progressive decrease over
the remaining period: about 26.83% at the 6-month
follow-up and 17.07% after 12 months during which
the product was not administered (Figure 4).

In our opinion, these data are due not only to
seasonal reasons, since the final follow-up was pro-
grammed during warm months where the incidence
normally decreases, but also to the need of repeated
administration to obtain a satisfactory colonization.

This trend was also confirmed analysing the ex-
pected episodes for each pathology: in fact, the recur-
rence percentage in patients affected by adenoiditis
was 55.17% during the first 3 months, at 6 months the
frequency was reduced to 27.59% and at the final fol-
low-up visit to 17.24%. In rhinosinusitis patients, 75%
of recurrences occurred in the first 3 months and
25% at the 6-month follow-up (Figure 3).
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Figure 1 Data collected about one year for estimated disease events. One
year after from the enrolment, a 70.07% reduction in the number of events
compared with the number of expected episodes was observed.

Figure 2 Data collected about one year for estimated disease events. There
was a reduction in the number of expected episodes of disease.
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Figure 3 Data collected during the follow-up for each recurrent disease. The frequency of recurrences was evaluated during the follow

up at 3, 6 and 12 months and expressed as a percentage.
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Figure 4 The recurrence rate due to seasonal reason.

The results were confirmed by the subjective judge-
ment on the efficacy of this therapeutic protocol, as
55% of the patients referred a positive change in their
symptoms and recurrence rate; 35% had reported
doubtful changes and improvement, whereas only
1.63% of enrolled patients referred a negative impact
with a worsening of symptoms.

Among symptoms collected from the question-
naire, a significant improvement (p<0.05) was ob-
served for nasal obstruction and ear fullness.

DISCUSSIONS

Respiratory infections are the commonest cause of
consultation both for GP and ENT doctors worldwide.
URTIT are also an important cause of reduced school
and work loss and increased healthcare expenses®.

The inflammation of the rhino- and oropharynx
with adeno-tonsillar hypertrophy, if neglected or poor-

ly treated, leads to complications in the middle ear
and paranasal sinuses. In particular, viral and bacte-
rial infection of the ENT district has been found most
frequently in children; in the first three years of life al-
most all children run into at least one episode of AOM
and about a third have three or more episodes. Bacte-
rial infection is also the most frequent cause (80%) of
tonsillitis in school children and young adults.

One of the causes of acute otitis media is the im-
paired ventilation of the middle ear resulting in a tu-
bal obstruction, linked to the inflammation associated
to a viral infection of the upper respiratory tract. Vi-
ral or allergic inflammation of the nose leads to nasal
congestion and ostiomeatal complex obstruction with
reduced ventilation of the paranasal sinuses. Such
conditions facilitate the ascent of respiratory patho-
gens (Streptococcus pneumoniae, Haemophilus in-
fluenzae and Moraxella catarrhalis) that colonize the
nasopharynx spreading to the tympanic cavity and
paranasal sinuses.
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Usually, the treatment of these pathologies requires
the use of topical/oral anti-inflammatory drugs or an-
tibiotics. It is known that the excessive use of antibi-
otics, especially in Western Countries, has resulted in
the selection of strains resistant to treatment, some of
which even in all classes of antibiotics currently avail-
able. The increasing difficulty in finding new effective
antibiotic molecules directed research interest towards
alternative therapeutic approaches, which potentially
offer greater specificity and safety, lack of drug inter-
actions and the ability to leverage a complementary
mode of action than antibiotics, drastically reducing
the risk of development of further resistance. In the
upper airways, the commensal flora is able to inhibit
growth of potential pathogens in vitro®..

CONCLUSIONS

ENT diseases involve a significant commitment of
care because they require at least a medical exami-
nation, prescription of antipyretic medicaments and
often antibiotics. In addition to direct costs, URTI in-
volve high indirect costs due to absence from work of
at least one parent and a negative impact on life qual-
ity of children and their families. Such negative effects
are multiplied in the case of recurrent infection.

Therefore, treatment and prevention of ENT dis-
eases in general and of AOM in particular is now a
primary focus of paediatric medical care.

The topical application of streptococcal probiotics
is a relatively undeveloped field, the first attempts be-
ing relatively recent, but it is becoming an attractive
approach for both prevention and therapy, especially
for paediatric age patients. S. salivarius 24SMB pos-
sesses characteristics making this strain suitable for
use in bacteriotherapy.
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