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Figura S1. Resistoma del microbiota superficiale. (A) Analisi delle antibiotico-resistenza geniche nella popolazione
contaminante dei 5 ospedali [1-12, nelle fasi pre-PCHS e PCHS. I risultati sono espressi come media + SD della variazione,
paragonato ai valori di controllo negativo (pre-PCHS) e ai valori pre-PCHS (PCHS). (B) Analisi delle antibiotico-resistenza
geniche nella popolazione contaminante dell’ospedale di controllo egtgrg, nel 1° e 2° periodo dello studio. I risultati

sono espressi come media = SD della variazione, paragonato ai valori di controllo negativo (1° periodo) e ai valori del 1°
periodo (2° periodo). (B)
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Abstract

Background: The nosocomial infections continue to be a problem, even in hospitals where meticulous
sanitization procedures are in place. The most commonly used methods employ chemical disinfectants which carry
some disadvantages.

Objective: To investigate the effectiveness of an innovative sanitization procedure using probiotic bacteria
based on the principle of biological competition: Probiotic Cleaning Hygiene System (PCHS).

Methods: The study included survival tests and in vitro and field trials. The in vitro trials tested three surfaces
(washbasin, floor and desk) in the absence of recontamination. Field trials were carried out in order to evaluate the
efficacy of probiotics in the presence of contaminants and to study whether probiotics are able to contain pathogens
over time. Samples were taken from the floor in a corridor and an inpatient room and the dispensary washbasin twice
daily (pre-sanitization and post-sanitization).

Results: The in vitro tests on three surfaces, not subject to recontamination, resulted in an average reduction
ranging from 92.2% to 99.9% after 24 h. From field trials it emerged that the bacterial count was totally eliminated for
Enterococcus faecalis and Candida albicans and almost 100% elimination of Pseudomonas aeruginosa, Acinetobacter
baumannii e Klebsiella pneumoniae on all three surfaces after only six hours even when recontaminated. However,
less satisfactory results were attained for Staphylococcus aureus.

Conclusion: PCHS acts constantly and is durable over time due to the stabilization of a biofilm which is able
to reduce and contain the proliferation of pathogenic microorganisms. Probiotics are therefore effective innovative

products to sanitize the hospital environment.
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Introduction

Hospital infections continue to be a huge healthcare problem
worldwide to which no facility, public or private, is immune. The
importance of inanimate surfaces as sources of nosocomial pathogens
has long been recognized/acknowledged [1-3]. Environmental
sanitization is an essential and effective part of programs to prevent and
control hospital infections [4]. Sanitization procedures in hospitals,
combined with antibiotic prophylaxis for patients, are designed to
reduce and prevent the proliferation of microorganisms. Nevertheless,
nosocomial infections continue to be a problem, even in hospitals where
meticulous sanitization procedures are in place. The most common
environmental sanitization methods involve the use of chemical
disinfectants. However, these are not without disadvantages: 1) the
limited effectiveness of biocides over time (normally 20-30 minutes after
application, after which microorganisms multiply exponentially); 2) the
ability of microorganisms to mutate thereby annihilating the biocidal
effects; 3) increased pollution of the natural environment arising from
the massive use of chemicals that may accumulate and persist over time.
The seriousness of these problems prompted us to conduct trials using
an innovative sanitization technique using probiotic bacteria adopting
an approach based on the principle of biological competition in which
the aim is no longer to destroy the microorganisms on surfaces, but to
form a biofilm to counteract the proliferation of pathogens. Probiotic
studies have attracted considerable interest in recent literature,
particularly in view of increased bacterial resistance [3,5-7]. These
products have long been used to reduce the occurrence and/or duration
of diarrhoea attacks linked to antibiotics [8,9]; and in vitro trials are
now underway to assess the possibility of using probiotics outside the
human body on surfaces. Some studies have focused on the potential

ability of a biofilm to inhibit bacterial growth on silicone materials
used in the urogenital tract [10,11,13,15] oral cavity [12,14] and/or
other matrices [10,16]. Recent trials have shown that probiotic bacteria
may also be used to sanitize hospital environments in order to combat
the increase in nosocomial pathogens [17,18]. Probiotic bacteria
(Probiotics in progress/PIPs) are spores of Bacillus spp, and considered
to be innocuous microorganisms as, unlike disinfectants, they do not
act as biocides. They are able to colonize surfaces to which they are
applied, thereby effectively counteracting the proliferation and survival
of other types of bacteria, including germs, by means of “competitive
exclusion”.

Materials and Methods

The aim of this study, carried out in the year 2013 at the University
Hospital “G. Martino” in Messina (Italy), was to measure the reduction
and elimination of pathogenic microorganisms using probiotics
and thereby assess the effectiveness of this sanitization method. The
Probiotic Cleaning Hygiene System (PCHS) was adopted for this study
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