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Abstract
Background The environment of healthcare institutions plays a major role in the transmission of multidrug resistant 
organisms (MDRO) and likely in subsequent healthcare-associated infections (HAIs). Probiotic cleaning products are a 
novel option for environmental cleaning. They represent a sustainable and biodegradable alternative to conventional 
chemical disinfectants for controlling microbial bioburden, and preventing pathogen transmission in hospital 
environments. High-quality studies including randomized clinical trials (RCT) triggered a summary with expert 
recommendations until further studies allow a critical review and meta-analysis of the data.

Methods Infection control experts from five European countries summarized available data as of June 2023. Authors 
presented their published RCTs, reviewed the existing literature on probiotic cleaning, summarized the results and 
identified knowledge gaps and subsequent research needs.

Results Probiotic cleaning was similarly effective for reducing HAI-related pathogens, enveloped viruses such 
as SARS-CoV-2 and MDRO in environmental samples compared to conventional chemical disinfectants. More 
importantly, probiotic cleaning was non-inferior to disinfectants in terms of preventing HAI in a large RCT. In addition, 
probiotic cleaning has also been shown to reduce antimicrobial resistance genes (ARG), costs and antimicrobial 
consumption in other hospital trials. They are biodegradable, do not require any protection for chemical hazards, and 
are compliant with occupational health. A paradigm shift, however, requires a very strong evidence to justify for such 
a change. In the past, this evidence was limited by the heterogeneity of study design, products, protocols, and few 
studies on clinical outcomes used in the trials. Furthermore, the regulatory, safety, and quality aspects of probiotic 
cleaning products are not, yet, completely defined and require clearing by authorities.

Conclusion To date, probiotic cleaning is a breakthrough technology and a biological alternative for chemical 
disinfectant when treating hospital environment. It may also have a positive effect on MDRO transmission. However, 
the different compositions of probiotic products will require standardization, and more robust data should be 
generated to support these promising results on different compositions. This may trigger a paradigm shift in cleaning 
of healthcare institutions from chemical to biological control of the hospital environment.
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Background
Patients in healthcare institutions including hospitals 
are at risk of acquiring healthcare-associated infections 
(HAI) and multi-drug resistant organisms (MDRO). 
Infection control primarily aims to prevent HAIs and 
MDRO transmission by various measures such as hand 
hygiene, isolation of MDRO carriers, and decontami-
nation of the hospital environment by surface cleaning 
and disinfection [1–3]. The coronavirus-disease 2019 
(COVID-19) pandemic brought the importance of envi-
ronmental cleaning and disinfection back to public focus. 
Further, the number of reports on prolonged contamina-
tion of the hospital environment with MDRO, plasmids 
carrying antimicrobial resistance genes (ARG) and newly 
emerging pathogens such as Candida auris has risen [4, 
5]. Gram-positive bacteria such as vancomycin-resistant 
Enterocococcus faecium (VRE) and fungi like Candida 
subspecies (ssp.) can survive on surfaces for days and 
weeks, and are difficult to eliminate from the environ-
ment [6, 7]. Additionally, multidrug-resistant Gram-
negative bacteria (MDRGN) producing carbapenemases 
like New Delhi metallo-beta lactamase (NDM) or Oxacil-
linases β-Lactamases (OXA) are increasing in European 
hospitals [8–11]. This increase has been driven by NDM- 
or OXA-producing Klebsiella pneumoniae even leading 
to severe hospital outbreaks [1, 8, 9, 11]. Patient rooms 
not properly disinfected may threaten patients by expo-
sure of the residual contaminated patient room without 
any direct contact [12]. Hands can be equally contami-
nated by shaking hands or touching surfaces, while hand 
hygiene often suffers from poor compliance due to sev-
eral barriers such as insufficient time, high workload, and 
understaffing [13, 14]. Universal gloving has also failed to 
reduce acquisition of methicillin-resistant Staphylococcus 
aureus or VRE [15].

Thus, alternatives to current cleaning practices such 
as automated decontamination devices, UV (ultra vio-
let) light decontamination, novel disinfectants and pro-
biotic-based cleaning has become increasingly attractive 
to prevent environmental contamination, in particular 
with MDRO and Clostridoides (C.) difficile. New studies 
provide some encouraging evidence that probiotic-based 
cleaning have beneficial effects not only on environmen-
tal control, but also on HAI and dissemination of ARG. 
Various probiotic cleaning products are cleared to the 
market and have been used for animal breeding, catering, 
cleaning in public buildings and private households [16–
20]. However, appropriateness and safety of probiotic 
products for routine application in hospitals have not, 
yet, been fully determined, although some studies report 

promising data on their genetic stability and lack of infec-
tious potential in hospitalized patients [21, 22].

In 2022, the Commission for Hospital Hygiene and 
Infection Prevention (KRINKO) at the German national 
public health institute (Robert-Koch Institute, RKI) pub-
lished new recommendations on cleaning and disinfec-
tion of surfaces in healthcare institutions [23]. Use of 
probiotic cleaning in hospitals was not yet recommended, 
as the existing evidence was considered insufficient at 
the time. While chemical disinfection was acknowl-
edged as indispensable, probiotic cleaning was explic-
itly mentioned as an interesting approach for healthcare 
institutions. This assessment is justified by the poten-
tial of probiotic bacteria to establish a long-term stable 
microbiome, partly also replacing nosocomial pathogens. 
Additionally, most disinfectants only have short-term 
effects, can lead – also rarely - to resistances to disinfec-
tants and cross-resistances to antibiotics, and may pose 
risks to both humans and the environment [23].

An expert group, mainly authors of publications on this 
topic, reviewed the current literature to provide a narra-
tive review with emphasis on the most recent random-
ized controlled clinical trials (see supplemental material 
for more details). They also focused on regulatory affairs 
of probiotic cleaning products. Staff from the cleaning 
services were involved to cover practical aspects and pit-
falls for implementation of probiotic cleaning in a hospi-
tal. The objectives of this narrative were set as follows:

1. To compare pros and cons of commonly used, 
commercially available products for environmental 
cleaning/disinfection in healthcare institutions, in 
particular detergents, chemical disinfectants and 
probiotics.

2. To discuss existing literature on probiotic cleaning 
and positioning of the technology.

3. To share experiences, knowledge and data on 
probiotic cleaning in different European hospitals.

4. To define knowledge gaps to be addressed by future 
research.

Probiotics: concepts and mechanisms
Critical illness is known to be associated with the loss 
of “health-promoting” commensal microorganisms and 
the overgrowth of pathogenic bacteria, a process being 
called dysbiosis [24, 25]. Beneficial effects by a high bio-
logical diversity were reported for the human micro-
biome of patients, but also for the hospital microbiome 
[26–29]. Disinfectants work not selectively by reducing/ 

Keywords Probiotics, Cleaning, healthcare-associated infections (HAI), Antimicrobial resistance genes (ARG), Expert 
recommendations



Page 3 of 13Denkel et al. Antimicrobial Resistance & Infection Control          (2024) 13:119 

eliminating all microorganisms on hospital surfaces. 
During re-colonization after disinfection, non-desirable 
microorganisms such as pathogens and MDRO may ben-
efit from a lower competitive pressure for resources in 
the habitat. In consequence, they may outcompete harm-
less microorganisms [23, 30]. In contrast, the principle of 
probiotics is based on competitive exclusion. As a bio-
logical paradigm, species competing for the same limited 
resources are not able to coexist in the same biological 
niche [23, 31]. Probiotics colonizing the hospital environ-
ment compete with potential pathogens and MDRO for 
nutrients and the habitat. Some probiotic bacteria can 
even secrete secondary metabolites that provide them 
with a survival advantage. Thus, probiotic cleaning offers 
an eco-friendly and effective method for maintaining 
cleanliness and hygiene in various healthcare settings by 
harnessing the natural competition between beneficial 
bacteria and harmful pathogens.

Mostly, probiotic cleaning products not only contain 
probiotic species, but also prebiotics for growth pro-
motion (e.g. inulin) and detergents. Commonly used 
microorganisms for probiotic formulations are Bacillus 
subspecies (ssp.), Lactobacillus ssp., Streptococcus ssp., 
Bifidobacterium ssp. and the yeast Saccharomyces ssp 
[1, 12]. The mechanisms resulting in probiotic clean-
ing effects have not been fully ascertained. The technical 
concepts are envisioned as follows: (i) probiotic cleaning 
regimens use beneficial microorganisms to clean surfaces 
in accordance with their biological and metabolic activi-
ties; (ii) Probiotic strains inhibit expansion and survival 
of potential harmful viable pathogens by competitive 
exclusion [1, 13, 14]. This can be achieved by direct or 
indirect mechanisms including lowering pH, generat-
ing compounds that inhibit the growth of pathogens or 
compete for nutrients [12, 13, 15]. Beyond that, probi-
otic strains can produce extracellular enzymes (e.g. pro-
teases, cellulases, amylases, ureases) that are capable of 
metabolizing and degrading dirt, food and soil. Metabo-
lites generated by protein degradation, fatty acids and 
other organic compounds can be further broken down 
into smaller products. These processes might be advanta-
geous for odour control, e.g. by preventing their produc-
tion or by disrupting odour-intense compounds like H2S 
or NH3 [12]. Some probiotic-based formulations appear 
to have long-lasting effects. This is shown by spore-
forming bacteria like Bacillus spp. that remain on sur-
faces even after the cleaning process has been completed. 
Spores have the potential to germinate, which provides 
vegetative cells that are able to proliferate and prevent re-
contamination by harmful microorganisms [12, 15]. This 
reduces the overall pathogenic bioburden and can even 
target MDROs. Furthermore, some probiotic species 
might be able to hinder pathogens from forming biofilm 

by reducing pathogen adhesion, co-aggregation, disrupt-
ing cell metabolism and/or interfering with quorum sens-
ing [13].

Summary of studies on probiotics for 
environmental cleaning in hospitals
Reviewing existing data on probiotic cleaning in hospitals
The results of published cleaning intervention trials using 
probiotics are summarized in Table 1.

At the Charité University Medicine hospital in Berlin, 
Germany, two trials were conducted with the probiotic 
cleaning product SYNBIO® (HeiQ Chrisal NV, Lommel, 
Belgium) containing five different Bacillus species, i.e. B. 
subtilis, B. megaterium, B. licheniformis, B. pumilus and 
B. amyloliquefaciens. In the first trial, one neurological 
ward was subsequently cleaned with the probiotic prod-
uct, detergents or disinfectants (for 3 month each) [28]. 
The study showed significant increases in biological 
diversity metrics (alpha-diversity) compared with dis-
infection in the floor (p < 0.001) and the sink samples 
(p < 0.01). For the door handle samples, however, alpha-
diversity was significantly more diverse (p < 0.05) for 
detergents (compared with disinfection). Further, the 
probiotic cleaning product reduced the occurrence of 
Pseudomonas spp. in environmental samples compared 
with chemical disinfection [28]. In addition, the study 
also demonstrated a reduction of antimicrobial resis-
tance genes (ARG) in environmental samples after clean-
ing hospital rooms with probiotic cleaning products 
compared with chemical disinfectants [28], in particular 
mecA resistance genes present in methicillin resistant 
Staphylococcus aureus (MRSA) [28]. The second study 
focused on the questions whether these effects on the 
hospital environment may translate into clinically rel-
evant outcomes such as HAI or MDRO incidence. The 
study question was addressed by a cluster randomized 
controlled trial (cRCT) with cross-over design conducted 
in 18 non-intensive care units (non-ICUs) [32]. Disinfec-
tants, detergents and probiotics were similarly effective 
for environmental cleaning as well as preventing HAI or 
HAI with MDRO [32].

In one Belgian and five Italian hospitals, a probiotic 
cleaning hygiene system (PCHS®, Copma scrl, Ferrara, 
Italy) was introduced [22, 33–38]. This probiotic-based 
sanitation is a cleaning procedure involving a probiotic 
product provided by HeiQ Chrisal NV (Lommel, Bel-
gium) with three Bacillus species (B. subtilis, B. pumi-
lus and B. megaterium) as previously described [38]. In 
hospital environmental samples, PCHS significantly 
reduced the abundance of HAI-related pathogens [22, 
37, 38] and the presence of ARG [22, 34, 35, 37] com-
pared with chemical disinfection. Parallel independent 
studies confirmed the reduction of contamination with 
pathogenic microorganisms [39, 40]. Another Italian trial 
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conducted in a children’s hospital emergency ward sug-
gested that PCHS cleaning was as effective as chlorine-
based chemical disinfection for elimination of Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
This enveloped virus was neither detectable after PCHS 
cleaning nor after chemical disinfection with chlorine 
[37]. However, it has been shown that SARS-CoV-2 can 
also be effectively removed from hard, non-porous sur-
faces by hard-water damped wiping only [41]. PCHS 
was associated with a significant reduction of cumula-
tive HAI from 4.8 to 2.3% (OR = 0.44; CI95% 0.35–0.54), 
a result not observed in the German cRCT [35]. Such 
considerable impact of PCHS may not be reproduced 
in other settings as limited proportion of HAI are con-
sidered preventable [42, 43]. A systematic review and 
meta-analysis calculated the preventable proportion of 
HAI to be 35 – 55% with data from 2005 to 2016 in dif-
ferent economic settings [43]. Similar estimations from 
Germany vary between 13% and 45% of HAI [42]. Anti-
microbial consumption and costs were further analysed 
in two studies [33, 36]. PCHS saved more than 60% of 
HAI-related antibiotic consumption and more than 70% 
of associated costs [36]. These results, however, are based 
on 398 patients with HAI selected from the before-after 
trial by Caselli et al. [35]. Tarricone and colleagues esti-
mated that 14 million Euro might be saved if PCHS use 
was increased from 5 to 50% over a period of five years 
[33]. However, the expert group questioned that these 
results are transferable to other hospitals given the dif-
ferent hospital settings, study designs, control groups 
and interventions applied. The German trial used a 
more robust study design (cross over cRCT) but was a 
single-center study. In contrast, the Italian trial used a 
study design more prone to bias (before-after design), 
but was multi-centered. Cleaning protocols and disin-
fectants varied with 2-phenoxyethanol, 3-aminopropyl-
dodecylamine, benzalkonium chloride (Indicin Pro®) in 
Germany versus chlorine-products in Italy. Most impor-
tantly, the German trial was conducted in a setting with 
1.6% HAI incidence compared to the Italian trial with 
4.6%. However, both products were provided by the same 
company. The probiotic product used in the German 
trial contained five different Bacillus species (B. subtilis 
(ATCC6051), B. megaterium (ATCC14581), B. licheni-
formis (ATCC12713), B. pumilus (ATCC14884) and B. 
amyloliquefaciens (DSL13563-0)). For the Italian trial, 
a patented cleaning concept (PCHS®) was implemented 
that included probiotic detergent with three Bacillus spe-
cies (B. subtilis, B. pumilus and B. megaterium). Further, 
the duration of intervention was different (4 months in 
the German trial versus 6 months in the Italian trial), 
as well as timing of sampling. In the Italian trial, sam-
pling was always performed seven hours after cleaning 
(thus allowing recontamination) whereas in the German 

study the sampling time was variable and resulting data 
could be affected by residual action of disinfectants in 
the chemical sanitation arm. Furthermore, the German 
study results might be limited by the fact that probiotic 
cleaning was interrupted by terminal and / or targeted 
disinfection, in particular if patient rooms were occupied 
with carriers of MDROs or other notifiable pathogens. 
Emergency chemical disinfection also occurred in the 
Italian studies, where only continuous usage of sporicidal 
disinfectants was shown to prevent probiotic sanitation 
effects [44, 45]. A limitation that might have occurred in 
both trials was cross-contamination by shoes or hands of 
healthcare workers between study arms or wards partici-
pating in the trials and those not.

Hospital cleaning is considered an important part of 
infection control [29, 46–49]. Appropriate cleaning prac-
tices require a number of careful decisions, e.g. cleaning 
frequencies, materials, techniques, equipment and agents 
used as well as identification of critical- und non-critical 
areas. At the same time, the amount of research on basic 
cleaning is limited [29]. Evidence-based decision making 
in this field is challenging as, to date, there is no standard 
methodology for measuring microbial bioburden on sur-
faces, nor are there international benchmark standards 
for surface bioburden levels indicating potential infec-
tion risks [29, 50]. Indeed, understanding the difference 
between the terms ‘cleaning and ‘cleanliness’ remains 
an issue and is crucial when sharing expertise on this 
topic. While ‘cleaning‘ represents the physical process of 
removing surface soil, ‘cleanliness‘ is defined as residual 
soil on surfaces after the cleaning process [29]. Assess-
ment of cleanliness is possible by identification and quan-
tification of indicator organisms that pose a high risk to 
patients (< 1  cfu/cm²) such as C. difficile or S. aureus. 
This can be performed alongside quantitative assessment 
of organisms on hand-touch sites using microbiologi-
cal sampling (< 2.5–5.0  cfu/cm²) or adenosine triphos-
phate (ATP) counts using ATP bioluminescence systems 
as surrogate markers for bioburden [48, 50]. In contrast, 
fluorescent markers and ATP bioluminescence systems 
as well as direct supervision, observation and education 
of housekeeping staff are used to monitor the cleaning 
process [48]. Both surrogate markers do not necessar-
ily correlated with the bioburden. A prospective cross-
over trial conducted on two hospital wards in the United 
Kingdom (UK) demonstrated that enhanced cleaning 
was associated with a reduction of microbial contamina-
tion at hand-touch sites by 32.5% and reduced the num-
ber of new MRSA infections by 26.6% [51]. Cost savings 
were estimated between 30,000–70,000 pounds in this 
trial [51]. Enhanced cleaning was performed with deter-
gents and included one additional cleaner per ward who 
focused on high-touch surfaces such as door handles, 
infusion pumps and computer keyboards. Disinfectants 
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were not routinely used on these wards other than 
bleach (sodium hypochlorite) for bathrooms [51]. Thus, 
enhanced cleaning without changing any substances but 
increasing staff and cleaning frequencies reduced more 
than 25% of new MRSA infections compared with the 
standard cleaning protocol [51]. This supports the argu-
ment that physical removal of surface bioburden might 
be more important than the substances applied. It is pos-
sible that microfiber and water by themselves may be 
sufficient for routine cleaning in most cases. Despite the 
variations of the probiotic trials discussed above, there is 
consensus that probiotic cleaning was non-inferior com-
pared with disinfectants in both trials [32, 35].

What is the added value of probiotic cleaning for the 
decontamination of the hospital environment?
Many healthcare institutions still do not prioritize envi-
ronmental cleaning as essential measure for patient 
safety [52]. The impact of environmental control on HAI 
incidences is difficult to assess, as multiple factors such as 
failure with hand hygiene, susceptible patients, and infec-
tious material (inoculum) are required to induce infec-
tion. Recently, awareness for this topic has grown due to 
an increasing number of studies that link interventions in 
the hospital with lower HAI rates and/ or patient coloni-
zation [52]. Further, a RCT emphasized the importance 
of cleaning / disinfecting the hospital room before the 
next patient is admitted [12].

Some evidence exists on the fact that probiotic clean-
ing may have additional benefits concerning sustainabil-
ity, cost-effectiveness, occupational safety, sustaining a 
biologically diverse hospital microbiome, and odor con-
trol, compared with chemical disinfection. Chemical 
disinfectants have been used for decades, especially in 
high-risk areas such as intensive care units (ICUs). Even 
highly effective substances were shown to have limited 
impact, as re-colonization rapidly occurred after disin-
fection [53]. MDROs were found in dry surface biofilms 
from ICU surfaces despite terminal cleaning with disin-
fectants, e.g. with chlorine solution [54, 55]. Similarly, 
terminal chemical disinfection is frequently insufficient 
to eradicate Candida auris [4].

It is not known whether probiotic cleaning might be an 
adequate supplement to fill this gap as suggested by some 
trials analysing environmental samples [22, 28, 35], or 
whether additional procedures such as UV decontamina-
tion are required to safely remove MDROs.

Heavy and repetitive use of antiseptics and disinfec-
tants are associated with reduced tolerances of clinical 
isolates to these agents, development of cross-resistance 
to antibiotics and other potentially detrimental effects on 
health and environment [1, 56, 57]. As an example, emer-
gence of resistance to glutaraldehyde has been observed 
[58]. Another worrisome trend is the occurrence of 

cross-resistances among disinfectants and antimicrobi-
als [59]. In addition, chemical disinfectants are harm-
ful to the environment and their handling is potentially 
hazardous to health of cleaning staff and healthcare 
workers. More specifically, currently used chemical dis-
infectants such as glucoprotamin, aldehydes, and qua-
ternary ammonium compounds may form phenolics and 
aldehyde toxic fumes that are problematic for health and 
the environment. Further, the use of glucoprotamin in its 
concentrated form requires specific carefulness and per-
sonal protective equipment by hospital staff [60].

Therefore, new technologies and compounds are 
required to add to the currently available disinfectants 
that are at least equally effective, but less harmful to the 
environment and wellbeing of healthcare workers and 
cleaning staff.

Advantages and disadvantages of three cleaning regi-
mens - detergents, disinfectants and probiotics - iden-
tified by the expert group are summarized in Table  2. 
The most important priority is patient safety, but other 
aspects such as sustainability, costs, occupational safety, 
effects on the environmental microbiome and applicabil-
ity must also be considered and weighed up against each 
other.

Defining knowledge gaps that need to be addressed by 
future research
This narrative review does not discuss bacteriophage 
preparations such as probiotic-phage sanitation (PCHSϕ) 
[61]. The latter contains probiotic detergents and bac-
teriophage preparations (e.g. a mixture of selected lytic 
phages directed against Staphylococcus spp., Strepto-
coccus spp., Proteus spp., E. coli and Pseudomonas (P.) 
aeruginosa) that are commercially available by the Eliava 
Institute (Staphylococcal phage and Pyophage; GA, 
USA). This is beyond the scope of this work, as clinical 
outcome studies are not yet published.

Some trials showed the effect of probiotic cleaning 
products against enveloped viruses such as SARS-CoV-2 
in controlled laboratory conditions, in hospital (emer-
gency room of a children’s hospital) and non-hospital 
settings [37, 45, 62]. However, data on non-enveloped 
viruses, e.g. noroviruses, are lacking.

Another question concerns the best composition of 
probiotic detergents. Various in vitro studies show that 
probiotic species such as Bacillus and Lactobacillus spp. 
may be used for biofilm control of relevant pathogens in 
hospitals including Enterococcus faecium, S. aureus, Kleb-
siella pneumoniae, Acinetobacter baumannii, P. aeru-
ginosa, Enterobacter species, and Escherichia coli [63]. 
Molecular analyses revealed that probiotic-based prod-
ucts reduced the antimicrobial resistance (AMR) related 
gene expression in K. pneumoniae, but not in A. bauma-
nii [1]. Another in vitro study compared hospital surfaces 
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that were treated for eight months either with disinfec-
tants (3.5% sodium hypochlorite), soap (saponified veg-
etable extract, essential oils, natural gum) or a probiotic 
cleaner (Bacterrorist non-toxic all-purpose cleaner) con-
taining spores of Bacillus spp. [64]. Subsequently, in vitro 
experiments investigated whether the “resident microbi-
ome” established during the 8-months-cleaning regimens 
with either disinfectants, soap or a probiotic cleaner 
could be overwhelmed by the pathogens E. coli, S. aureus 
and biofilm-generating P. aeruginosa. Resident microbi-
omes of surfaces treated with soap and probiotic clean-
ing but not disinfectants successfully outcompeted E. coli 
and S. aureus. At the same time, the resident microbi-
ome overwhelmed P. aeruginosa on surfaces treated with 
soap, while the resident microbiome on surfaces treated 
with probiotic cleansers failed to completely replace P. 

aeruginosa. Thus, not only the mass of microbial cells but 
also a higher diversity of microbial species seems to be 
critical to outcompete certain pathogens including bio-
film-forming P. aeruginosa. The resident microbiome on 
surfaces treated with disinfectants (sodium hypochlorite) 
were totally overwhelmed by biofilm-forming P. aerugi-
nosa [64].

Routine and widespread application of probiotic clean-
ing products in hospitals require regulations, safety stan-
dards and quality controls that need to be determined, 
followed and monitored by public authorities to ensure 
patient safety. Such quality regulations and their clear-
ance by public authorities are essential on the interna-
tional, but also on the national level. They could represent 
a crucial step to overcome hurdles that currently prevent 
this novel option from achieving its breakthrough. These 

Table 2 Characteristics of cleaning regimes stratified by advantages (pro) and disadvantages (contra) as discussed during the 
workshop. Results presented here represent consensus of all workshop participants
Topic Detergents (Soap and water) Disinfectants Probiotics
Environmen-
tal safety / 
sustainability

Some products (not all) can be 
biodegradable, sustainable and 
environmental friendly (PRO / 
CONTRA)

Not biodegradable, not environ-
mental friendly, not sustainable 
(CONTRA)

Biodegradable, environmental friendly, sustainable 
(PRO)

Occupational 
safety

No dangerous substance, usually 
harmless for occupational health, 
allergies possible (PRO)

Dangerous substance, potentially 
harmful for occupational health, 
allergies possible (CONTRA)

No dangerous substance, harmless for occupational 
health, allergies possible (PRO)

Is the 
method well 
established?

Very well established (PRO) Very well established, critical values 
for reduction / elimination of micro-
organisms available (PRO)

Not well established, future studies and standardiza-
tion needed (CONTRA)

Regulations Meet current regulations / recom-
mendations / national and interna-
tional guidelines (PRO)

Meet current regulations / recom-
mendations / national and interna-
tional guidelines (PRO)

Do not meet current regulations / recommendations / 
national and international guidelines, new regulations 
necessary, currently only available in Europe (CONTRA)

Costs Low costs (PRO) High costs (CONTRA) Higher costs, potentially additional costs by quality 
control measures and monitoring of potential side 
effects (CONTRA)

Antiseptic / 
antimicrobial 
resistances

No effect on antiseptic / antimi-
crobial resistances to be expected 
(PRO/CONTRA)

Has the potential to increase 
antiseptic / antimicrobial resistances 
(CONTRA)

Might prevent antimicrobial resistance (PRO)

Longterm clean-
ing effect

No long-lasting cleaning effect 
(CONTRA)

No long-lasting cleaning effect 
(CONTRA)

Longer lasting effects for days, more effective in 
removal of organic pollution on surfaces (PRO)

Quality control / 
monitoring

Quality control and monitoring 
activities established, no additional 
activities are necessary (PRO)

Quality control and monitoring 
activities established, no additional 
activities are necessary (PRO)

Quality control and monitoring necessary (might 
generate additional costs) (CONTRA)

Risk of 
contamination

Moderate risk of contamination by 
other bacteria, e.g. with Gram-
negatives (PRO)

Very low risk of contamination by 
other bacteria, e.g. with Gram-
negatives (PRO)

Risk of contamination by other bacteria due to prebi-
otics (e.g. inulin), e.g. with Gram-negatives (CONTRA)

Effect on the 
diversity of 
the hospital 
microbiome

No negative effect on the diversity 
of the hospital microbiome (PRO)

Reduces diversity of the hospital 
microbiome (CONTRA)

May reduce the biological diversity of the hospital 
microbiome, but shifts the balance towards beneficial 
microorganisms (PRO)

Universal 
applicability

Not adequate for rooms that needs 
to be sterile (e.g. operating theatre) 
(CONTRA)

Adequate for rooms that needs to 
be sterile (e.g. operating theatre) 
(PRO)

Not adequate for rooms that needs to be sterile (e.g. 
operating theatre) (CONTRA)

Additional 
risks by living 
organisms

None (PRO) None (PRO) Potential of living organisms to take up genes (e.g. 
antimicrobial resistance genes). Available data show 
high genetic stability and lack of infectious risk in 
hospitalized patients but they need further confirma-
tion. (CONTRA)
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regulations must be realistic and safe, but flexible enough 
to enable further innovation. The European Union (EU) 
has already addressed products containing microor-
ganisms, i.e. probiotics, in its “Proposal for a regula-
tion of the European Parliament and of the Council on 
detergents and surfactants, amending Regulation (EU) 
2019/1020 and repealing Regulation (EC) No 648/2004 
(COM(2023)217) [65]. Herein, the authors determine 
that microorganisms intentionally added to detergents, 
“shall have an American Type Culture Collection (ATCC) 
number, belong to a collection of an International Depos-
itory Authority (IDA) or have had their DNA identified 
in accordance with a “Strain identification protocol” 
(using 16S ribosomal DNA sequencing or an equiva-
lent method) […]” [65]. It should be noted that meth-
ods applied for strain identification in this context such 
as 16S ribosomal DNA sequencing must have sufficient 
accuracy to discriminate between bacterial species. It is 
not sufficient to aim at the genus level as different spe-
cies of the same genus can be highly diverse. In general, 
all living organisms added to detergents that are used in 
healthcare environments including hospitals must be well 
characterized preferably by whole genome sequencing.

Despite the fact that some trials demonstrated the 
reduction of ARG in environmental samples after pro-
biotic cleaning compared with disinfectants [22, 28, 35], 
there is no evidence for the reduction of newly acquired 
MDRO by patients after probiotic cleaning [32]. Thus, 
the potential of probiotic cleaning to reduce antimicro-
bial resistance genes in the environment, newly acquired 
MDRO and HAI among patients needs to be addressed 
in future research. Such trials need to be sufficiently pow-
ered, use a robust study design and should, if possible, 
also include conventional detergent as a control group 
[29].

Conclusions
In conclusion, probiotic cleaning is a promising and 
innovative technology to treat healthcare environ-
ments. Current data provide strong evidence to continue 
researching on probiotic cleaning and gather practi-
cal experiences. It has been found to increase biological 
diversity, reduce the occurrence of certain pathogens, 
and decrease the presence of ARG in environmental sam-
ples. However, the evidence is still not yet sufficient for a 
paradigm shift to its routine use in hospitals. Currently, 
the products may show additional benefits at similar 
cost in areas, where environmental cleaning with deter-
gents was standard of care. High-quality, multi-national, 
multi-center RCTs with sufficient statistical power are 
necessary to evaluate the effect of probiotic cleaning 
on HAI and MDRO acquisition in hospitals. Effective-
ness and sustainability are crucial considerations for any 
new cleaning practices in healthcare institutions. These 

practices should align with the overall goal of preventing 
HAIs and controlling the spread of MDRO. While this 
narrative review summarizes and evaluates the current 
evidence, further studies and meta-analyses are needed 
to definitively determine if and where probiotic cleaning 
can replace or supplement conventional chemical disin-
fection. Fully understanding the benefits and limitations 
of probiotic cleaning is essential before considering a par-
adigm shift toward this environmentally safe approach 
for cleaning healthcare environments.
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