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The «BE» 
microbiome

Built Environments (BE) are considered SUPER-ORGANISMS similar to 
living organisms, since they acquire a specific MICROBIOME mostly
derived from human occupants.

Most confined and controlled BEs
microbiomes have: 
↓ BIODIVERSITY (anthropic contamination) 
↑ RESISTANCE-AMR (critical value >3).
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H-microbiome = RESERVOIR of human pathogens with AMR, responsible for HAI 
onset: global concern (5-15% patients), >4 millions patients/year in EU, ≈37,000 
deaths/year (10,000 in Italy), >1.1 billions € costs (ECDC)HOSPITAL 

microbiome
HAI-associated
pathogens are 
MDR (WHO): 
→ ESKAPE(E) 
→ PPL
(ex DIRTY 
DOZEN)

NTEROBACTER
CLOACAE



HAI in EU = 70% of all infections
caused by MDR bacteria

ACTIVITY MORTALITY RATE

Bungee jumping 1/100

Mountain climbing 1/300

Healthcare (hospital) 1/500

Car driving 1/20.000

Scheduled airlines 1/8.000.000

EU railways 1/10.000.000

Harvey Murff, 2003



1. Temporary action: inactive within 0.5-2 h 
2. Environmental impact: increase hearth and water 
pollution
3. AMR selection: AMR increased during COVID19 → risk 
for future AMR pandemics (WHO)? 

Need to control 
bioburden

without impacting
on environment

and AMR

How to control 
bioburden?

CONVENTIONAL 
DISINFECTION



In a MICROBIOME perspective:
SUPER-SANITATION is detrimental in living 
organisms: decreasing microbiome 
biodiversity increases the risk of infection.
What if we use GOOD MICROBES to REPLACE 
bad ones? (COMPETITIVE EXCLUSION)

PCHS ® (Probiotic Cleaning Hygiene System)

Eco-labeled DETERGENT containing SPORES of selected Bacillus 
probiotics: non pathogenic (EFSA-1), ubiquitous, used safely
for decades; capable to remove dirt and replace pathogens.  



BIOBURDEN

AMR

SAFETY

No AMR selection
-99.9% ARGs

STABLE decrease of 
ESKAPE pathogens >80% 
more than disinfectants
(sampling after 7 h) 

NO infectious risk (>90,000 patients in 15 years)
NO changes resistome/virulome (>15 years; WGS, in collaboration 
with Oxford University)

RESULTS
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Pre-PCHS PCHS

-52% HAI incidence (11461 patients):
• Pre-PCHS 4.8% (284/5930)
• PCHS 2.3% (128/5531); OR 0.47

- 55.5 % Incidence per 1000 hospital days:
• Pre-PCHS 5.4% (314/57742)
• PCHS 2.4% (141/48201); OR 0.45



-60% antibiotic consumption
-75% HAI costs

COST-CUTTING PERSPECTIVE 
(model by Bocconi University)

Use of PCHS in 5 years may prevent about 
31,000 HAIs and save at least 14 million €,  of 

which 11.6 for treatment of resistant HAIs.



ALL enveloped viruses
INACTIVATED >-90% in 1h
PREVENTION TILL 24h
ETHANOL inactive in 30’ 
CHLORINE inactive in 2h

NO SARS-CoV-2
During COVID19 pandemics in 
treated ERs

VIRUS



Product/
Strain Study type Setting/target Primary outcomes References

PCHS
In vitro and

in situ
Non-ICU ward; 

monocenter (Italy)
- In vitro: up to -99% HAI pathogens with PCHS vs. disinfection 

(p<0.01)
- In situ: up to -100% ESKAPE pathogens

La Fauci et al, 2015

PBS1 In situ Non-ICU ward; 
monocenter (Russia)

- Significant decrease of E. faecium, Enterobacteriaceae, and 
Staphylococcus spp. Afinogenova et al, 2017

PBS2 In situ Non-ICU ward; monocenter
(Arabian Emirates)

- Significant decrease of Staphylococcus spp. (73.5%), Gram-
negative rods (57.4%) Al-Marzooq et al, 2018

PBS3 In situ Neurology ward; 
monocenter (Germany)

- Modulation of hospital microbiome
- Significant reduction of ARGs

Klassert et al, 2022

PBS4 Retrospective
analysis

Tertiary burn unit; 
monocenter (South Africa) - Significant reduction of HAIs -55.89% Kleintjes et al, 2020

PBS3 In situ Non-ICU wards; 
monocenter (Germany)

- No significant differences of HAI prevalence (≈2% incidence) Leistner et al, 2023

PCHS (B. subtilis, pumilus, megaterium); PBS1 (B. subtilis, pumilus, licheniformis); PBS2 (B. subtilis); PBS3 (B. subtilis, 
pumilus, megaterium, licheniformis, amyloliquefaciens); PBS4 (B. subtilis, pumilus, megaterium)

PBS vs. disinfection: other main outcomes





Further uses in a “One Health” perspective

-100% pathogens surface/air 
-99% AMR  
-70% SARS-CoV-2
ATM Milano (COVID19)

-90% pathogens surface/air
SCHOOLS (Ferrara) 

-90% target bacteria in chicken 
farms (MDR Salmonella spp.) 
(PCHS + phages)

-90% decrease of fungal 
phytopathogens (in vitro)

Manuscript in 
preparation



Università 
di Pavia

Università 
di Messina

• PCHS = versatile system potentially able to establish microbiome
balance, stable decrease of pathogens, AMR, and associated 
infections.

• Being sustainable both economically and ecololgically, PCHS may 
significantly contribute achieving «One Health» PNCAR goals.

14

“The electric light did not come 
from the continuous improvement 
of candles” 
(Oren Harari)
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