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Efficient removal of hospital pathogens from hard

surfaces by a combined use of bacteriophages and
probiotics: potential as sanitizing agents

Hastane patojenlerinin sert ylizeylerden bakteriyofajlar ve probiyotiklerin birlikte kullanimiyla verimli bir sekilde
uzaklastirilmasti: sterilize edici ajanlar olarak potansiyel
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Purpose: Many hospital-acquired infections (HAIs) can be transmitted by pathogens contaminating hospital
surfaces, not efficiently controlled by conventional sanitation, which can indeed contribute to the selection of
MDR strains. Bacteriophages have been suggested as decontaminating agents, based on their selective
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ability to kill specific bacteria. However, there are no data on their stability in detergents and their potential
use in routine sanitation. On the other hand, a probiotic-based sanitation system (Probiotic Cleaning

Hygiene System, PCHS) was recently shown to stably reduce pathogens on treated surfaces. However, its
action is not specific and slow, being based on competitive antagonism. This work aimed to assess the
effectiveness of a combined use of phages and PCHS in removing HAI-associated pathogens from different
hard surfaces.

Amag: Hastane kaynakli bir cok enfeksiyon (HAI), MDR suslarinin se¢imine katkida bulunabilecek geleneksel
sanitasyon ile etkili bir sekilde kontrol edilmeyen, hastane yiizeylerini kirleten patojenler tarafindan bulagabilir.
Bakteriyofajlar, spesifik bakterileri 6ldiirme konusundaki segici yeteneklerine bagli olarak dekontamine edici
ajanlar olarak onerilmistir. Bununla birlikte, deterjanlardaki kararliliklar1 ve rutin sanitasyondaki potansiyel
kullanimlari hakkinda herhangi bir veri yoktur. Ote yandan, probiyotik bazli bir sanitasyon sisteminin (Probiotic
Cleaning Hygiene System, PCHS) tedavi edilen yiizeylerdeki patojenleri stabil bir sekilde azalttig
gosterilmistir. Bununla birlikte, eylemi rekabetci ve rakip diismanliga dayanan, spesifik ve yavas degildir. Bu
calisma, HAI ile iliskili patojenlerin farkli sert yiizeylerden uzaklastiriimasinda fajlarin ve PCHS'lerin kombine
kullaniminin etkinligini degerlendirmeyi amaglamustir.

Materials and methods: The decontamination ability of phages in PCHS was tested in vitro and in situ,
against drug-susceptible or resistant Staphylococcus aureus, Escherichia coli, and Pseudomonas

aeruginosa strains, and using bacterial densities similar to those detected on hospital surfaces.

Malzemeler ve yontemler: PCHS'deki fajlarin dekontaminasyon kabiliyeti, ilaca duyarli veya direngli
Staphylococcus aureus, Escherichia coli ve Pseudomonas aeruginosa suslarina karsi1 ve hastane ylizeylerinde
tespit edilenlere benzer bakteri yogunluklari kullanilarak in vitro ve yerinde test edildi.

Results: Phages targeted efficiently all tested bacteria, maintaining their full activity when added to the
PCHS detergent. Notably, the combined use of phages and PCHS not only resulted in a rapid reduction (up
to >90%) of the targeted pathogens, but also, due to the stabilizing effect of probiotics, the pathogens were

maintained at low levels (>99%) at later times too, when instead the effect of phages tends to diminish.

Sonuglar: Fajlar, PCHS deterjanina eklendiklerinde tam etkinliklerini koruyarak test edilen tiim bakterileri verimli bir
sekilde hedefledi. Ozellikle, fajlarm ve PCHS'lerin birlesik kullanimi, sadece hedeflenen patojenlerin hizl bir sekilde
azalmasina (>>% 90) neden olmakla kalmadi, ayn1 zamanda probiyotiklerin stabilize edici etkisinden dolay1, patojenler
diistik seviyelerde tutuldu (>% 99 ) daha sonraki zamanlarda, bunun yerine, fajlarin etkisi azalmaya meyillidir.

Conclusion: These results suggest that a combined biological system might be successfully used in hospital
sanitation protocols, potentially leading to effective and safe elimination of MDR pathogens from the hospital
environment.

Sonug: Bu sonuglar, kombine bir biyolojik sistemin, hastane saglik protokollerinde, MDR patojenlerinin hastane
ortamindan etkin ve giivenli bir sekilde elimine edilmesine yol acan basaril bir sekilde kullanilabilecegini gostermektedir.

Keywords: drug-resistant bacteria, hospital infections, biological decontamination, bacteriophages,
probiotics
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Corrigendum for this paper has been published Bu makale igin Corrigendum yayinlandi

Plain language summary

The so-called hospital-acquired infections are often transmitted by microbes contaminating hospital
surfaces, which are also often resistant to drugs, consequently causing infections very hard to treat,
responsible for millions of deaths in the western world. Unfortunately, conventional chemicals-based

cleaning is not effective in eliminating in a stable way such pathogenic microbes, indeed promoting their

resistance to disinfectants and drugs. In an attempt to find a method capable of fighting such pathogens, we

recently studied a biological approach based on the use of beneficial bacteria, showing that they can abate
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pathogens without inducing drug resistance. However, probiotic action is neither rapid nor specific. By

contrast, bacteriophages are able to kill specific bacteria very rapidly, but their action is limited in time.

Consequently, based on the properties of probiotics and bacteriophages, we wanted to test their combined
use as a potential system for stably eliminating bacteria mainly responsible for hospital infections, with
particular attention to drug-resistant ones. Our results, obtained using an eco-friendly cleanser added with
bacteriophages and probiotics, showed that this biological approach is effective in stably eliminating surface
pathogens, as it combines the rapid and specific action of bacteriophages with the stabilizing and general
action of probiotics. This approach opens new perspectives in the management of infection control in the

hospital environment.

Diiz dil 6zeti

Hastane kaynakli enfeksiyonlar, siklikla, ilaglara da direncli olan hastane yiizeylerini kirleten mikroplar tarafindan bulasir,
dolayistyla bat1 diinyasinda milyonlarca 6liimden sorumlu olan, tedavi edilmesi zor olan enfeksiyonlara neden olur. Ne
yazik ki, konvansiyonel kimyasallara dayali temizleme, bu tiir patojen mikroplarin kararli bir sekilde elimine edilmesinde
etkili degildir;

Sonug olarak, probiyotiklerin ve bakteriyofajlarin 6zelliklerine dayanarak, bunlarin kombine kullanimlarini, 6zellikle ilag
enfeksiyonuna direngli olanlara 6zellikle hastane enfeksiyonlarindan sorumlu olan bakterileri stabil bir sekilde ortadan
kaldirmak i¢in potansiyel bir sistem olarak test etmek istedik. Bakteriyofajlar ve probiyotiklerle eklenen ¢evre dostu bir
temizleyici kullanilarak elde edilen sonuglarimiz, bu biyolojik yaklasimin, bakteriyofajlarin hizli ve spesifik etkisini
probiyotiklerin dengeleyici ve genel etkisiyle birlestirdigi i¢in, yiizey patojenlerinin stabil bir sekilde giderilmesinde etkili
oldugunu gostermistir. Bu yaklasim hastane ortaminda enfeksiyon kontroliiniin yonetiminde yeni bakis agilari agar.

Introduction

Healthcare-associated or hospital-acquired infections (HAIs) represent one of the major concerns in the
western world, impairing the clinical outcome of up to 15% of all hospitalized patients.: Every year in the
European community about 3.2 million patients acquire an HAI, and 37,000 die as a direct consequence of
HAI, also because of the growing presence of multidrug-resistant (MDR) pathogens.:2

Based on several evidences, the health care environment can significantly contribute to HAI transmission, =
s as hospital surfaces represent the reservoir of pathogens spread by hospital inpatients and

personnel.s Persistently contaminated surfaces and objects, in fact, continually come into contact with
hospitalized subjects, threatening patients’ health just because of hospitalization.12Several studies have
shown that hospital surfaces are indeed persistently contaminated by several, often drug-resistant,
pathogens,zsz< most frequently including Staphylococcus spp. (including methicillin-resistant Staphylococcus
aureus, MRSA), Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae), and Pseudomonas spp.:.-12
S. aureus is a leading cause of hospital-acquired infections in developed countries.: It is transmissible
between patients, via hospital staff, and by the contaminated environment. Currently, S. aureus is the
species most commonly associated to blood stream, lung, soft tissue, and skin infections.« In addition, S.
aureus has evolved resistance to multiple antibiotics in the recent decades, and the MRSA group is also
resistant to erythromycin, levofloxacin, tetracycline, clindamycin, gentamicin, trimethoprim, and
doxycycline, while being usually susceptible to vancomycin.is However, vancomycin-resistant MRSA might

become predominant in the future, leaving clinicians without any treatment option.

Among Enterobacteriaceae, E. coli represents a major cause of several HAIs, especially because of the rising
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antibiotic resistance in particularly virulent E. coli types, such as Shiga toxin producing E. coli and
enteropathogenic E. coli strains.s

Similarly, another Gram-negative bacterium, the opportunistic pathogen Pseudomonas aeruginosa,
represents a leading cause of nosocomial infections, mainly in subjects with compromised immune defence.
Due to its mechanisms for adaptation, survival, and resistance to a wide range of antibiotics, infections
sustained by P. aeruginosa represent an increasing public health threat.

A characteristic shared by all mentioned HAI-associated bacteria is the high prevalence of multidrug
resistance. The proportion of Enterobacteriaceae producing extended-spectrum B-lactamases (which confer
resistance to many B-lactam antibiotics) and carbapenemases is increasing around the world, and infections
sustained by these organisms are often associated with high mortality.:z:s Not surprisingly, all the three
mentioned groups have been included in the global priority list of antibiotic-resistant bacteria by the World

|"

Health Organization (WHOQO), with Enterobacteriaceae and P. aeruginosa in the “critical” priority group and S.
aureus in the “high” priority group.1

Despite the efforts to prevent infections by such pathogens, their transmission still occurs, suggesting that
more effective strategies are needed to eliminate the risk of contracting pathogens from hospital

environments.

So far, removal of pathogens from hospital surfaces has been addressed by conventional chemicals-based
sanitation, which, however, show important limitations, as it has a temporary effect, a high environmental
impact, it is not targeted toward specific pathogens, and most importantly can contribute to the selection of
both disinfectant-resistant and antibiotic-resistant pathogens.=2: This last aspect, in particular, represents a
highly undesirable side effect of chemical cleaning, as MDR pathogens have been constantly and rapidly
growing in the recent decades and a high proportion of HAIs is currently sustained by them.z222z Actually, the
rising antibiotic resistance of bacterial pathogens appears as one of the most important challenges facing
modern medicine, and antibiotic resistance has become so widespread that WHO reports that it is now “one
of the biggest threats to global health, food security, and development.”2

In addition, it has been shown that the risk to acquire an infection sustained by a specific pathogen
increases for patients occupying the rooms where an infected/colonized patient with such pathogen was
previously present in the same hospital room.2s-2z Thus, it would be important to develop sanitation
procedures that are able to fight specific MDR pathogens and outbreaks associated to the spread of specific
pathogens, as conventional disinfectants are not capable of doing so.

Based on these observations, an ideal sanitation approach should be eco-sustainable, able to remove
specific HAI-associated pathogens, including those that are antibiotic-resistant, and devoid of undesirable

side effect such as drug resistance selection and/or induction.

In the search for effective methods, we recently studied a probiotic-based sanitation system consisting of an
eco-friendly cleaning solution added with spores of probiotic bacteria belonging to the Bacillus genus
(Probiotic Cleaning Hygiene System, PCHS), showing that it is efficient in stably abating pathogens on
hospital surfaces, including drug-resistant strains,2-» being also safe for hospital inpatients.x: However, being

based on competitive antagonism,2e PCHS action is not addressed toward specific microbial targets, and is
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quite slow, as several weeks are needed to achieve maximum inhibition of pathogens growth on treated
surfaces.

By contrast, bacteriophages are characterized as having a very rapid action against specific bacteria, and
have consequently been suggested and tested as potential decontaminating agents. Phage application has
been proved effective against foodborne bacteria, for treatment of food or food processing surfaces,s2-34 as
well as against various bacterial targets, including drug-resistant S. aureus and E. coli strains.is323s53 Based
on these data, US Food and Drug Administration (FDA) approved the use of specific phages as antimicrobial
agents against food contamination by Listeria monocytogenes.zz

However, results reported so far showed the need for prolonged contact between phages and target bacteria
in aqueous solution,z2 which is scarcely compatible with routine sanitation protocols and inpatients presence.
Also, phage activity was tested using high bacterial densities, around 10s colony forming units (CFU) per
square meter,s that favor the encounter between phages and target bacteria, facilitating phage infection of
bacterial targets, but are not relevant to health care settings surfaces, where the average level of
contamination is consistently lower (between 10: and 10sCFU/mz2) and dispersed on huge surfaces. This
implies that, to be predictive for routine surface sanitation, in vitro tests might be performed using bacterial
amounts comparable to those found on hospital surfaces, and limiting as far as possible the time of contact
in aqueous solution between phages and target bacteria. In addition, phages are not particularly resistant in
a dry environment; thus, the decontamination obtained by phages is unlikely to result in a stable abatement
of the targeted pathogens, instead needing repeated treatments to guarantee a low level of the targeted
pathogens.

Based on phages and PCHS characteristics, we wanted to assess their potential to be used as a combined
product, testing their activity on hard surfaces, against the most common HAI-associated, even drug-
resistant, nosocomial pathogens, namely S. aureus, E. coli, and P. aeruginosa.

The results showed that the combined use of phages and PCHS resulted in a strong and stable abatement of
the targeted species, suggesting that biological sanitization might be applied in routine cleaning protocols,

being potentially able to control a high number of HAI-associated pathogens.

Giris Saglik bakimiyla iligkili veya hastaneden edinilmis enfeksiyonlar (HAl'ler) bati diinyasindaki en
blyUk sorunlardan birini temsil etmekte ve tim hastanede yatan hastalarin% 15'ine kadar olan klinik
sonuclari olumsuz etkilemektedir.1 Avrupa toplumunda her yil yaklasik 3,2 milyon hasta HAI
almaktadir. ve 37.000, ayni zamanda, ¢oklu ilaca direngli (MDR) patojenlerin artan varligindan dolayi,
HAI'nin dogrudan bir sonucu olarak 6imektedir.1,2 Cesitli kanitlara dayanarak, saghk ortami, hastane
yuzeyleri, hastane hastalari ve personeli tarafindan yayilan patojenlerin rezervini temsil ettiginden,
3-8 arasi HAI bulagmasina dnemli dl¢ide katkida bulunabilir.6 Aslinda surekli hastaneye yatirilan
kisilerle slrrekli temas halindedirler. Hastane yatisi nedeniyle hasta sagligini tehdit eden denekler.1,2
Bazi calismalar, hastane yuzeylerinin gercekten de Staphylococcus spp. dahil en sik 3,5,7-9, siklikla
ilaca direngli patojenler tarafindan kontamine oldugunu gdstermistir. (metisiline direngli
Staphylococcus aureus, MRSA), Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae) ve
Pseudomonas spp.3,10-12 dahil S. aureus, gelismis Ulkelerde hastane kaynakli enfeksiyonlarin 6nde
gelen bir nedenidir.13 Hastalar arasinda, hastane personeli ve kirli ortamlar arasinda bulasicidir.

Gunumuzde, S. aureus en sik kan akimi, akciger, yumusak doku ve cilt enfeksiyonlari ile iligkili
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turlerdir.14 Ek olarak, S. aureus son yillarda ¢oklu antibiyotiklere direng gelistirmistir ve MRSA grubu
da Vankomisine genellikle duyarli iken eritromisin, levofloksasin, tetrasiklin, klindamisin, gentamisin,
trimetoprim ve doksisiklin, vankomisine genellikle duyarli iken, ancak vankomisine direngli MRSA,
gelecekte herhangi bir tedavi se¢enedi olmayan klinisyenler birakarak baskin hale gelebilir.

Enterobacteriaceae'ler arasinda E. coli, 6zellikle HA viriisii, 6zellikle de viriilan E. coli tiirlerinde, Shiga toksini
iireten E. coli ve enteropatojenik E. coli suslari gibi antibiyotik direncinin artmasi nedeniyle ana nedenleri
temsil eder.16 Benzer sekilde, bir bagka Gram negatif bakteri olan firsat¢i patojen Pseudomonas aeruginosa,
basta immiin savunmasi olan kisilerde hastane enfeksiyonlarinin 6nde gelen nedenini temsil eder. Adaptasyon,
hayatta kalma ve ¢ok cesitli antibiyotiklere direng mekanizmalar1 nedeniyle, P. acruginosa tarafindan stirdiiriilen
enfeksiyonlar artan bir halk saglig tehdidini temsil etmektedir.

Bahsedilen HAI ile iliskili tiim bakteriler tarafindan paylasilan bir 6zellik, coklu ilag direncinin yiiksek
prevalansidir. Genis spektrumlu B-laktamaz tireten (pek ¢ok -laktam antibiyotige direng saglayan) ve
karbapenemaz iireten Enterobacteriaceae orani diinya genelinde artmaktadir ve bu organizmalar tarafindan
stirdiiriilen enfeksiyonlar genellikle yiiksek mortalite ile iliskilidir.17,18 Sasirtic1 degil, hepsi s6z konusu ti¢
grup, Diinya Saghk Orgiitii (WHO) tarafindan antibiyotige direncli bakterilerin global éncelik listesine, “kritik”
oncelik grubunda Enterobacteriaceae ve P. aeruginosa ve “yiiksek” dncelik grubunda S. aureus ile dahil edildi.
0,19 Bu gibi patojenlerin neden oldugu enfeksiyonlari 6nleme ¢abalarina ragmen, bu hastaliklarin bulagsmasina
neden olmak i¢in patojenlerin biiziilme riskini ortadan kaldirmak i¢in daha etkili stratejilere ihtiyag
duyuldugunu 6ne siirerek iletimleri devam etmektedir.

Simdiye kadar gevre sorunlari i¢in ¢ok dnemli bir kaynak oldu. Bu son 6zellik kimyasal temizligin oldukg¢a
istenmeyen bir yan etkisidir. Halen yiiksek oranda bir HAI orani, onlar tarafindan siirdiiriilmektedir. , 24
Baska bir deyisle, dyle olacak. Buna ilaveten MDR patojenleriyle bag etmenin dnemli bir yoludur.

Bu gozlemlere dayanarak, giivenli ve etkili olacak sekilde ideal bir yaklasim tasarlanmalidir.

Etkili yontemlerin arastirilmasinda, yakin zamanda, Bacillus cinsine (Probiotic Cleaning Hygiene System,
PCHS) ait olan probiyotik bakteri sporlarina eklenmis, ¢gevre dostu bir temizleme ¢ozeltisinden olusan
probiyotik bazli bir temizlik sistemi arastirdik. ilaca direngli suslar da dahil olmak iizere hastane yiizeylerinde
stabil olarak azaltan patojenler, 28-30 da hastane hastalar1 i¢in giivenlidir.31 Bununla birlikte, rekabetci
diismanliga dayanarak, 28 PCHS hareketi spesifik mikrobiyal hedeflere yonelik degildir ve ¢ok yavas oldugu
gibi tedavi edilen yiizeylerde azami patojen iiremesi inhibisyonu elde etmek i¢in haftalar gerekir.

Buna karsilik, bakteriyofajlar, belirli bakterilere karsi ¢ok hizli bir etkiye sahip olmasi ile karakterize edilir ve
sonug olarak potansiyel dekontamine edici ajanlar olarak onerilmis ve test edilmistir. Faj uygulamasinin, gida
kaynakl1 bakterilere karsi, gida veya yiyecek isleme yiizeylerinin tedavisi i¢in, 32-34'lin yani sira ilaca direngli
S. aureus ve E. coli suslart dahil olmak {izere gesitli bakteri hedeflerine karsi etkili oldugu
kanitlanmistir.16,32,35,36 Bu verilere dayanarak, ABD Gida ve Ilag idaresi (FDA), Listeria monocytogenes
tarafindan gida bulagsmasina kars1 antimikrobiyal ajan olarak spesifik fajlarin kullanimini onaylamistir.
Bununla birlikte, bugiine kadar rapor edilen sonuglar, sulu ¢ozeltideki fajlar ve hedef bakteriler arasinda uzun
stireli temasa ihtiya¢ duyuldugunu gosterdi; bu, 32 rutin sanitasyon protokolleri ve yatan hastalarin varligi ile
neredeyse hi¢ uyumlu degildi.

Ayrica, faj aktivitesi, bakteriyel hedeflerin faj enfeksiyonunu kolaylastirmak, ancak saglik bakim ortamlari
ylizeyleriyle ilgili olmayan, fajlar ve hedef bakteriler arasinda karsilagsmay1 destekleyen, metre kare basina 108
koloni olusturan birim (CFU), 36, yiiksek bakteri yogunluklari kullanilarak test edildi. ortalama kirlenme
seviyesinin siirekli olarak daha diisiik oldugu (103 ila 105 CFU / m2 arasinda) ve ¢ok biiyiik yiizeylerde
dagildigi yerlerde. Bu, rutin ylizey sanitasyonu i¢in prediktif olmasi i¢in, hastane yiizeylerinde bulunanlarla
karsilastirilabilir bakteri miktarlari kullanilarak in vitro testlerin yapilabilecegi ve fajlar ile hedef bakteriler
arasindaki sulu ¢ozeltide temas siiresinin miimkiin oldugunca sinirlandirilabilecegi anlamina gelir. Ek olarak,
fajlar kuru ortamda 6zellikle direncli degildir; Bu nedenle, fajlar tarafindan elde edilen dekontaminasyonun,
hedeflenen patojenlerin kararli bir sekilde azaltilmasina neden olmas1 muhtemel degildir, bunun yerine
hedeflenen patojenlerin diisiik bir seviyesini garanti etmek i¢in tekrarlanan tedavilere ihtiya¢ duyulur.

Fajlar ve PCHS o6zelliklerine dayanarak, kombine bir iiriin olarak kullanilma potansiyellerini, sert yiizeylerde
etkinliklerini test ederek, en yaygin HAI ile iligkili, hatta ilaca direngli, nozokomiyal patojenlere, yani S. aureus,
E'ye kars1 degerlendirmek istedik. coli ve P. aeruginosa.

Sonuglar, fajlarin ve PCHS'lerin birlesik kullaniminin, hedeflenen tiirlerin giiglii ve kararli bir sekilde
azaltilmasini sagladigini gosterdi; bu, biyolojik olarak sterilizasyonun rutin temizleme protokollerinde
uygulanabilecegini ve potansiyel olarak yiiksek sayida HAI ile iligkili patojeni kontrol edebildigini gdsterdi.

Materials and methods

Bacterial species



The bacterial strains used in in vitro experiments included strains obtained from American Type Culture
Collection (ATCC), and wild-type strains isolated from hospital surfaces. ATCC strains included S.

aureus (ATCC 25923), E. coli (ATCC 25922), and P. aeruginosa (ATCC BAA-47). Hospital isolates included
three strains selected for their drug resistance characteristics: S. aureus (SA2-R73), E. coli(EC-R60), and P.
aeruginosa (PA-V6). Hospital isolates were collected by direct sampling of hospital surfaces with 55 mm
diameter contact Rodac plates (24 cm: surface), containing the following selective media: Baird—Parker agar
(for Staphylococcus spp., cat. n. 146189), MacConkey agar (for Enterobacteriaceae spp., cat. n. 146427),
and cetrimide agar (for Pseudomonas spp., cat. n. 146768) (all bacterial media were from Merck Millipore,
Billerica, MA, USA). Grown colonies with morphological S. aureus, E. coli, and P. aeruginosa features were
further streaked on the corresponding selective medium and incubated at 37°C for 24 hours, to isolate
single pure colonies. Each individual colony was then characterized by Gram-staining, and identified by
appropriate biochemical tests (API-Staph, cat. n. 20500, and API-20E, cat. n. 20100; Biomerieux, Florence,
Italy).

Malzemeler ve yontemler

Bakteriyel tiirler

In vitro deneylerde kullanilan bakteri suslari, Amerikan Tip Kiiltiir Koleksiyonundan (ATCC) elde edilen suslar
ve hastane yiizeylerinden izole edilmis vahsi suglari igerir. ATCC suglar1 arasinda S. aureus (ATCC 25923), E.
coli (ATCC 25922) ve P. aeruginosa (ATCC BAA-47) bulunur. Hastane izolatlari, ilag direng 6zellikleri i¢in
secilen ii¢ sus icermistir: S. aureus (SA2-R73), E. coli (EC-R60) ve P. aeruginosa (PA-V6). Hastane izolatlari,
hastane yiizeylerinin dogrudan agagidaki 6rnekleme ortamini igeren 55 mm ¢apli temas Rodac plakalar1 (24
cm? ylizey) ile 6rneklenmesi yoluyla toplandi: Baird-Parker agar (Staphylococcus spp., Kat. 146189 i¢in),
MacConkey agar (for Enterobacteriaceae spp., Kat., 146427) ve setirimid agar (Pseudomonas spp., Kat.,
146768 i¢in) (biitiin bakteriyel ortamlar Merck Millipore, Billerica, MA, ABD'den) idi. Morfolojik S. aureus, E.
coli ve P. aeruginosa 6zelliklerine sahip biiyiitiilmiis koloniler, karsilik gelen segici besiyerine serpildi ve tek saf
kolonileri izole etmek i¢in 24 saat 37 © C'de inkiibe edildi. Her bir koloni daha sonra Gram boyama ile
karakterize edildi ve uygun biyokimyasal testlerle tanimlandi (API-Staph, kat. N. 20500 ve API-20E, kat. N.
20100; Biomerieux, Florence, Italy).

After identification, all isolates were expanded overnight in tryptic soy broth (TSB, cat. n. 146599; Merck
Millipore) at 37°C, frozen in 50% sterile glycerol, and kept at —80°C until use. Each isolate was
characterized for antibiotic resistance by conventional disc-diffusion Kirby—-Bauer antibiograms, using
Mueller-Hinton agar plates (cat. n. 105437; Merck Millipore), testing the following antibiotics: penicillin G
(cat. n. CT0043B; Oxoid, Altrincham, UK), ampicillin (Oxoid; cat. n. CT0003B; Oxoid), vancomycin (cat. n.
CT0058B; Oxoid), oxacillin (cat. n. CT0040B; Oxoid), ofloxacin (cat. n. CT0446B; Oxoid), cefotaxime (cat. n.
CT066B; Oxoid), cefoxitin (cat. n. CT0119B; Oxoid), gentamicin (cat. n. 9026; Liofilchem, Italy), imipenem
(cat. n. CT0455B; Oxoid), aztreonam (cat. n. 9008; Liofilchem, Liofilchem, Teramo, Italy), meropenem (cat.
n. 9068; Liofilchem), and colistin (cat. n. CT0017B; Oxoid). Zone inhibition diameters were interpreted
according to the European Committee on Antimicrobial Susceptibility Testing breakpoint tables for
interpretation of minimum inhibitory concentration (MIC) and inhibition zone diametersz and to the Clinical
and Laboratory Standards Institute manual (26th edition). In addition, MICs of resistant strains were also
measured, accordingly to European Food Safety Authority guidelines, by using antibiotic stripes containing
serial dilutions of each antibiotic (cat. n. 92003, 92033, 92006, 92066, 92141, 92009, 92054, 92085,
92099, 92015, 92102, 92057; Liofilchem).
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The concentrated PCHS detergent included, as previously described,s 107/mL spores of three species of
probiotics belonging to the Bacillus genus, namely Bacillus subtilis, Bacillus pumilus, and Bacillus

megaterium.

fter identification, all isolates were expanded overnight in tryptic soy broth (TSB, cat. n. 146599; Merck
Millipore) at 37°C, frozen in 50% sterile glycerol, and kept at —80°C until use. Each isolate was
characterized for antibiotic resistance by conventional disc-diffusion Kirby-Bauer antibiograms, using
Mueller-Hinton agar plates (cat. n. 105437; Merck Millipore), testing the following antibiotics: penicillin G
(cat. n. CT0043B; Oxoid, Altrincham, UK), ampicillin (Oxoid; cat. n. CTO003B; Oxoid), vancomycin (cat. n.
CT0058B; Oxoid), oxacillin (cat. n. CT0040B; Oxoid), ofloxacin (cat. n. CT0446B; Oxoid), cefotaxime (cat. n.
CT066B; Oxoid), cefoxitin (cat. n. CT0119B; Oxoid), gentamicin (cat. n. 9026; Liofilchem, Italy), imipenem
(cat. n. CT0455B; Oxoid), aztreonam (cat. n. 9008; Liofilchem, Liofilchem, Teramo, Italy), meropenem (cat.
n. 9068; Liofilchem), and colistin (cat. n. CT0017B; Oxoid). Zone inhibition diameters were interpreted
according to the European Committee on Antimicrobial Susceptibility Testing breakpoint tables for
interpretation of minimum inhibitory concentration (MIC) and inhibition zone diametersss and to the Clinical
and Laboratory Standards Institute manual (26th edition).z In addition, MICs of resistant strains were also
measured, accordingly to European Food Safety Authority guidelines, by using antibiotic stripes containing
serial dilutions of each antibiotic (cat. n. 92003, 92033, 92006, 92066, 92141, 92009, 92054, 92085,
92099, 92015, 92102, 92057; Liofilchem).

The concentrated PCHS detergent included, as previously described,s 107/mL spores of three species of
probiotics belonging to the Bacillus genus, namely Bacillus subtilis, Bacillus pumilus, and Bacillus
megaterium.

Tanimlamadan sonra, tiim izolatlar gece boyunca triptik soya suyu (TSB, kat. No. 146599; Merck Millipore)
icinde 37 © C'de genisletildi,% 50 steril gliserolde donduruldu ve kullanilana kadar -80 ° C'de tutuldu. Her
izolat, asagidaki antibiyotikleri test eden Mueller-Hinton agar plakalarini (kat. N. 105437; Merck Millipore)
kullanarak, geleneksel disk difiizyon Kirby-Bauer antibiyogramlar ile antibiyotik direnci i¢in karakterize edildi:
penisilin G (kat. CT0043B; Oxoid, Altrincham, UK), ampisilin (Oxoid; kat. N. CT0003B; Oxoid), vankomisin
(kat. N. CT0058B; Oxoid), oksasilin (kat. N. CT0040B; Oxoid), ofloxacin (kat.n. CT0446B; Oxoid), ,
sefotaksim (kat. n. CT066B; Oxoid), sefoksitin (kat. n. CTO119B; Oxoid), gentamisin (kat. 9026; Liofilchem,
Italya), imipenem (kat. n. CT0455B; Oxoid), aztreonam (kat. 9008; Liofilchem, Liofilchem, Teramo, Italya),
meropenem (kat., 9068; Liofilchem) ve kolistin (kat., CT0017B; Oxoid). Zon inhibisyon ¢aplari, minimum
inhibe edici konsantrasyon (MiK) ve inhibisyon zon ¢aplar138'in yorumlanmast i¢in Avrupa Antimikrobiyal
Duyarlilik Testi Testi sinir tablolarina ve (Klinik ve Laboratuar Standartlar1 Enstitiisii el kitabina (26. baski).
suslar ayrica Avrupa Gida Giivenligi Otoritesi kilavuzuna gore, her bir antibiyotigin seri seyreltilerini igeren
antibiyotik seritleri kullanarak ol¢iildii (kat. 92003, 92033, 92006, 92066, 92141, 92009, 92054, 92085, 92099,
92015, 92102, 92057; Liofilchem).

Konsantre PCHS deterjan, daha 6nce tarif edildigi gibi, Bacillus cinsine, Bacillus subtilis, Bacillus pumilus ve
Bacillus megaterium'a ait ii¢ probiyotik tiirlinden 28 107 / mL spor igerir.

Bacteriophages

All bacteriophages used in this study were obtained from Eliava Institute (Staphylococcal phage and
Pyophage; GA, USA). Phage preparations contained a mixture of selected lytic phages directed

against Staphylococcus spp. (staphylococcal phage and Pyophage), as well as phages

against Streptococcus spp., Proteus spp., E. coli and P. aeruginosa (Pyophage), at a concentration
corresponding to 10s5-10s total plaque forming units (PFU)/mL. Phage mixtures were stored at 4°C until use,

as indicated by manufacturer instructions. Each individual phage component was titrated by PFU counting on
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the correspondent ATCC bacterial target. Briefly, phage stocks were serially diluted in TSB; then, 100 pL of
diluted phages were mixed with 100 pL of bacterial suspension in logarithmic growth phase (ODsoonm =0.4;
spectrophotometer DU-640B; Beckman Coulter, Brea, CA, USA). The bacteria and phages mixture was then
added to 3 mL of soft agar, finally poured onto tryptic soy agar (TSA, cat. n. 146431; Merck Millipore)
plates, and allowed to solidify for 15 minutes. Samples were performed in triplicate. After 24 hours
incubation at 37°C, PFU were counted at the appropriate dilution.

Individual phage preparations specifically targeting each single bacterial species were obtained from the
mixtures by the lysis plaque elution method. Briefly, phage plaques obtained on the plates were collected,
disrupted by pulse-vortexing in 1 mL of TSB, and added to 5 mL of the appropriate bacterial culture at
ODsoorm =0.4. The suspension was incubated at 37°C under mild agitation until the solution was clear. The
solution was then filtered through a 0.22 pym pore size membrane filter, added with 15% sterile glycerol, and
stored at —80°C until use.

Each individual phage stock was titrated as already described; the final titer of each individual phage

preparation was 10:0PFU/mL.

Bakteriyofaj

Bu ¢aligmada kullanilan tiim bakteriyofajlar Eliava Enstitiisii'nden (Staphylococcal faj ve Pyophage; GA, ABD) elde edildi.
Faj terkipleri, Staphylococcus spp.'ye yonelik se¢ilmis litik fajlarin bir karisimini icermistir. (stafilokokal faj ve Pyophage),
ayrica Streptococcus spp., Proteus spp., E. coli ve P. aeruginosa'ya (Pyophage) karsi fajlar, 105-106 toplam plak olusturma
birimlerine (PFU) / mL'ye karsilik gelen bir konsantrasyondadir. Faj karisimlari, tireticinin talimatlarinda belirtildigi gibi
kullanima kadar 4 ° C'de saklandi. Her bir faj bileseni, karsilik gelen ATCC bakteri hedefinde sayilan PFU ile titre edildi.
Kisaca, faj stoklar1 TSB'de seri olarak seyreltildi; daha sonra, 100 uL seyreltilmis fajlar, logaritmik biiytime fazinda
(OD600nm = 0.4; spektrofotometre DU-640B; Beckman Coulter, Brea, CA, ABD) 100 uL bakteri siispansiyonu ile
karistirildi. Bakteriler ve fajlar karisimi daha sonra 3 mL yumusak agara ilave edildi, nihayet triptik soya agar1 (TSA, kat.
No. 14643 1; Merck Millipore) plakalarma dokiildii ve 15 dakika katilastirildi. Numuneler ti¢ kopya halinde gergeklestirildi.
24 saat 37 ° C'de inkiibasyonun ardindan PFU uygun diliisyonda sayildi.

Her bir bakteri tiirtinii spesifik olarak hedef alan bireysel faj preparatlari, liziz plak eliisyon yontemi ile karigimlardan elde
edildi. Kisaca, plakalar tizerinde elde edilen faj plakalari toplandi, | mL TSB'de puls vortekslenerek pargalandi ve
OD600nm = 0.4'te uygun bakteriyel kiiltiirtin 5 mL'sine ilave edildi. Stispansiyon, ¢6zelti berraklagincaya kadar hafif
calkalama altinda 37 ° C'de inkiibe edildi. Cozelti daha sonra 0.22 um gozenek boyutundaki bir zar filtreden stiziildii,% 15
steril gliserol ile eklendi ve kullanilana kadar -80 ° C'de saklandi.

Her bir bireysel faj stogu daha once tarif edildigi gibi titre edildi; Her bir faj preparasyonunun nihai titresi, 1010 PFU / mL
idi.

Host range analysis

The host range of each single phage stock was determined by spot testing, performed against all the
bacterial strains used in the study. Briefly, overnight bacterial cultures in TSB were subcultured by 1:10
dilution and grown at 37°C under agitation until the suspension reached ODsownm =0.4. Aliquots (100 pL) of
bacterial subculture were added to 3 mL of soft agar, overlaid on TSA plates, and allowed to solidify at room
temperature for 15 minutes. Phage stocks were serially diluted in phosphate buffered saline (PBS) (with 10-
fold increments) and 10 pL aliquots of phage dilutions were added to bacterial lawns, checking their lytic

activity after 24 hours of incubation at 37°C. Spot tests were performed in triplicate.

Konak araligi analizi Her bir faj stokunun konakgi araligi, galismada kullanilan tim bakteri
suslarina kargi gerceklestirilen spot testlerle belirlendi. Kisaca, TSB'deki gece boyunca bakteri

kultdrleri 1:10 dilisyon ile alt kiltirlendi ve stispansiyon OD600nm = 0.4 olana kadar c¢alkalama
altinda 37 ° C'de buyuatuldd. 3 mL yumusak agara alikotlar (100 uL) bakteri alt kultirt eklendi, TSA

plakalari Uzerine kaplandi ve oda sicakhgdinda 15 dakika boyunca katilagsmaya birakildi. Faj stoklari,



seri olarak fosfat tamponlu tuzlu su (PBS) (10 kat artiglarla) ile seyreltildi ve bakteri alanlarina, 10
saat boyunca, 37 ° C'de 24 saatlik inkiibasyondan sonra litik aktivitelerini kontrol ederek 10 uL faj
dilisyonu ilave edildi. Spot testler ¢ kopya halinde yapildi.

Decontamination tests

The ability of phages to lyse S. aureus, E. coli, and P. aeruginosa on different kinds of hard nonporous
surfaces was assessed by in vitro decontamination assays.« Briefly, target bacteria were grown in TSB until
reaching the logarithmic growth phase (checked by spectrophotometric reading, ODesowonm=0.4), and then
diluted to obtain a final concentration of 4x10s CFU/mL. To mimic the bacterial load detectable on hospital
surfaces, 10 pL of suspension were spread on a 24 cm: surface, obtaining a final density of 100 CFU/24
cmez (ie, 4x10+CFU/m:2), which represents the average value of microbial contamination found on different
types of hospital surfaces as detected in previous studies.2s22 Tested surfaces included plastic, glass, and
ceramic surfaces (respectively represented by irradiated sterile plastic plates, or glass plates, and ceramic
tiles sterilized by autoclave).

Seeded bacteria were allowed to dry for 15 minutes at room temperature; then, 50 L of the concentrated
individual phage solution diluted in PBS at a multiplicity of infection (MOI) of 10, 100, and 1000 were spread
on the surface and allowed to dry in @ maximum drying time of 10 minutes. Mock treatment with phage
buffer alone was used as a control. Denatured alcohol was used as a positive control. Each sample was

performed in triplicate.

After 1, 3, 6, and 24 hours, surfaces were directly sampled by contact Rodac plates containing the
appropriate selective medium, to collect residual viable bacteria. Each plate, containing samples taken at the
different time points, was incubated for 24 hours at 37°C and bacterial load was evaluated by enumerating

plate CFU.

The same assays were performed by diluting phage preparations in PCHS eco-sustainable detergent (PCHS;
Copma, Ferrara, Italy), already used for routine hospital cleaning.zs The detergent was diluted 1:100 (v/v) in
bi-distilled sterile water to obtain the work dilution as indicated by the manufacturer, and then used to
suspend and dilute phage stocks. Phage stability was measured after 1, 2, 3, and 7 days at room
temperature, by PFU titration on the specific bacterial targets, after removing the bacterial component by
centrifugation. Following titration, the decontamination potential of the PCHS added with phages was tested
in vitro by the already described decontamination assays, performed using 100 CFU/24 cm: of target
bacteria and phage at 1000 MOI. In parallel, decontamination assays were also performed in situ, using the
ceramic sink of a bathroom specifically isolated and artificially contaminated with 10s CFU/m: of S.

aureus (ATCC strain), and treated with PCHS containing phages at 10s PFU/mz2 (MOI 1000).

Dekontaminasyon testleri

Fajlarin S. aureus, E. coli ve P. aeruginosa'y1 farkli sert gézenekli olmayan yiizeylerde lize etme kabiliyetleri, in vitro
dekontaminasyon deneyleri ile degerlendirildi. 40 Kisaca, hedef bakteriler, TSB'de logaritmik biiylime fazina ulasana kadar
byitiildi (kontrol edildi) Spektrofotometrik okuma ile OD600nm = 0.4) ve daha sonra 4 x 106 CFU / mL'lik bir son
konsantrasyon elde etmek i¢in seyreltildi. Hastane yiizeylerinde tespit edilebilen bakteri yiikiinii taklit etmek i¢in, 10 UL
siispansiyon 24 cm?2'lik bir yiizeye yayildi, ortalama 100 mikroU / 24 cm2 (yani 4 x 104 CFU / m2) yogunlugunu elde etti.
onceki caligmalarda tespit edildigi gibi farkli hastane yiizeylerinde kirlenme bulundu.28,29 Test edilen yiizeyler plastik,
cam ve seramik yiizeyleri (sirastyla 1sinlanmus steril plastik plakalar veya cam plakalar ve otoklavla sterilize edilmis
seramik fayanslarla temsil edilir) igeriyordu.

Tohumlu bakterilerin oda sicakliginda 15 dakika kurumasina izin verilmistir; daha sonra, PBS i¢inde 10, 100 ve 1000'lik
bir ¢ok cesitli enfeksiyonda (MOI) seyreltilmis konsantre bireysel faj ¢ozeltisinin 50 uL'si, yilizeye yayilmis ve maksimum
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10 dakikalik bir kuruma siiresi i¢inde kurumaya birakilmistir. Kontrol olarak yalnizca faj tamponuyla sahte muamele
kullanilmistir. Denatiire alkol pozitif kontrol olarak kullanilmistir. Her numune ti¢ kopya halinde gergeklestirildi.

1, 3, 6 ve 24 saat sonra, yiizeyler artik uygun bakterileri toplamak i¢in uygun segici besiyerini igeren temas Rodac plakalari
ile dogrudan 6rneklendi. Farkli zaman noktalarinda alian numuneleri igeren her plaka, 37 © C'de 24 saat inkiibe edildi ve
bakteri yiikii, plaka CFU numaralandirilarak degerlendirildi.

Ayni tahliller, hali hazirda rutin hastane temizligi i¢in kullanilan PCHS eko-siirdiiriilebilir deterjan (PCHS; Copma, Ferrara,
Italya) i¢inde faj preparatlarinin seyreltilmesiyle gerceklestirildi.28 Deterjan, iki damitilmus steril icinde 1: 100 (h / h)
seyreltildi. Uretici tarafindan belirtilen sekilde is seyreltme elde etmek igin su ve faj stoklarini askiya almak ve seyreltmek
icin kullanilir. Faj stabilitesi oda sicakliginda 1, 2, 3 ve 7 giin sonra spesifik bakteriyel hedeflere PFU titrasyonu ile
bakteriyel bileseni santrifiijleme ile uzaklastirdiktan sonra 6l¢iilmiistiir. Titrasyonun ardindan, fajlarla eklenen PCHS'nin
dekontaminasyon potansiyeli, dnceden tanimlanmig dekontaminasyon analizleri ile in vitro olarak test edildi, 1000 CFI'de
100 CFU / 24 cm?2 hedef bakteri ve faj kullanilarak gerceklestirildi. Paralel olarak, dekontaminasyon deneyleri, ayrica, 6zel
olarak izole edilmis ve yapay olarak 105 CFU / m2 S. aureus (ATCC susu) ile kontamine olmus bir banyoya ait seramik
lavabo kullanilarak ve 108 PFU / m2'de (MOI) faj igeren PCHS ile muamele edilmis, ayrica yerinde yapildi. 1.000).

Statistical analysis

Statistical significance was measured by the unpaired one-tailed Student’s t-test (STAT View software; SAS

Institute Inc., Cary, NC, USA). Values of p<0.05 were considered statistically significant.

istatistiksel analiz istatistiksel dnem, eslestirimemis tek kuyruklu Student t testi ile dlgiimustir
(STAT View yazilimi; SAS Institute Inc., Cary, NC, ABD). P <0.05 degerleri istatistiksel olarak anlamli

kabul edildi.

Results

Phage susceptibility of tested bacteria

S. aureus, E. coli, and P. aeruginosa spp., which are also frequently associated to HAI onset, are among the
most common pathogens detected as persistent contaminants on hospital surfaces. Based on this
observation, we wanted to assess phages effectiveness against such pathogens, using both ATCC reference
strains and wild-type MDR hospital isolates belonging to the same target bacterial species. MDR hospital
strains were isolated from hospital surfaces and biochemically identified. Prior to use, all bacterial isolates

were characterized for antibiotic susceptibility. Drug susceptibility of bacterial targets used in the

decontamination assays is summarized in Jable 1. For MDR hospital isolates, the MIC is also provided.

Sonugclar

Test edilen bakterilerin faj duyarhhg:

HALI baslangici ile de sikga iliskili olan S. aureus, E. coli ve P. aeruginosa spp. Hastane yiizeylerinde kalici
kirletici maddeler olarak tespit edilen en yaygin patojenler arasindadir. Bu gézleme dayanarak, hem ATCC
referans suslarint hem de ayn1 hedef bakteri tiirline ait vahsi tip MDR hastane izolatlarini kullanarak, bu
patojenlere karsi fajlarin etkinligini degerlendirmek istedik. MDR hastane suslar1 hastane yiizeylerinden izole
edildi ve biyokimyasal olarak tanimlandi. Kullanimdan 6nce, tiim bakteri izolatlar1 antibiyotik duyarlilig1 icin
karakterize edildi. Dekontaminasyon deneylerinde kullanilan bakteri hedeflerinin ilag duyarliligi Tablo 1'de
Ozetlenmistir. MDR hastane izolatlar1 i¢in MIC de saglanmaktadir.


https://www.dovepress.com/efficient-removal-of-hospital-pathogens-from-hard-surfaces-by-a-combin-peer-reviewed-fulltext-article-IDR#T1

Table 1 Bacterial strains used in decontamination assays

Note: MICs (ug/mL) of hospital isolates are also reported in parentheses.
Abbreviations: AMP, ampicillin 10 ug; ATM, aztreonam 30 ug; CTX, cefotaxime
30 ug; FOX, cefoxitin 30 pg; COL, colistin 10 pg; CN, gentamicin 10 ug; IPM,
imipenem 10 pg; MEM, meropenem 10 ug; OFX, ofloxacin 5 pg; OX, oxacillin 1
ug; P, penicillin 10 IU; VA, vancomycin 30 ug; MIC, minimal inhibitory
concentration; ATCC, American Type Culture Collection; S, susceptible; I,

intermediate; R, resistant.

All bacterial targets, including wild-type MDR isolates, were analyzed for phage susceptibility, by spot testing

on soft agar.

Each individual phage stock was active in lysing ATCC strains and, with a slightly inferior efficiency, also MDR

isolates (Figure 1). Based on these results, decontamination assays phages were tested at 10, 100, and
1000 MOI against ATCC strains, and at 1000 MOI against MDR isolates.

Tablo 1 Dekontaminasyon deneylerinde kullanilan bakteri suslar

Not: Hastane izolatlarinin MiK (ug / mL) de parantez iginde rapor edilmistir.

Kisaltmalar: AMP, ampisilin 10 ug; ATM, aztreonam 30 ug; CTX, sefotaksim 30 ug; FOX, sefoksitin 30 ug; COL, kolistin
10 ug; CN, gentamisin 10 ug; IPM, imipenem 10 ug; MEM, meropenem 10 ug; OFX, ofloxacin 5 ug; OX, oksasilin 1 ug;
P, penisilin 10 IU; VA, vankomisin 30 ug; MIiK, minimal inhibitér konsantrasyon; ATCC, Amerikan Tipi Kiiltiir
Koleksiyonu; S, duyarli; Ben, orta; R, dayanikl.

Yabani tip MDR izolatlari dahil olmak tGzere tim bakteri hedefleri, yumusak agar Uzerinde nokta testi

ile faj duyarlihdi acisindan analiz edildi. Her bir faj stogu, lizat ATCC suslarinda aktifti ve hafif bir
verimsizlikle, ayrica MDR izolatlari da gosterdi (Sekil 1). Bu sonuclara dayanarak, dekontaminasyon
deneyleri fajlar, ATCC suslarina kargi 10, 100 ve 1000 MOl'de ve MDR izolatlarina karsi 1000 MOl'de
test edildi.
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Figure 1 Phage activity against S. aureus, E. coli, and P. aeruginosa (ATCC or
MDR strains). Bacteriophage activity was verified by spot tests. Briefly, after
suspension in soft agar, bacterial cultures were overlaid on TSA plates; serially
diluted phage stocks were added to bacterial lawns, checking their lytic activity
after 24 hours of incubation at 37°C. Results are representative of triplicate

samples.

. Abbreviations: ATCC, American Type Culture Collection; MDR, multidrug-

resistant; TSA, tryptic soy agar; CTR, control.

Sekil 1 S. aureus, E. coli ve P. aeruginosa'ya kargi faj aktivitesi
(ATCC veya MDR susglari). Bakteriyofaj aktivitesi spot testlerle
dogrulandi. Kisaca, yumusak agarin stispansiyonundan sonra
bakteri kiiltiirleri TSA plakalari lizerine kaplandi; seri olarak
seyreltilmis faj stoklari, 37 ° C'de 24 saatlik inkiibasyonun ardindan
litik aktivitelerini kontrol ederek bakteriyel cimlere ilave edildi.
Sonuglar, lgli numuneleri temsil etmektedir. Kisaltmalar: ATCC,
Amerikan Tipi Kiiltiir Koleksiyonu; MDR, ¢oklu ilaca direncli; TSA,
triptik soya agari; TO, kontrol

Phage decontaminating potential on hard surfaces

Decontamination assays were carried out first on the ATCC bacterial strains. To mimic contamination
conditions similar to those detected in clinical settings, we took as a reference the bacterial load detected on
hospital surfaces in previous studies, performed in European hospitals.2s22 Bacterial cells were spread on
surfaces at a density of 102 CFU/24 cm:, corresponding to 4x 104 CFU/mz. Tested hard nonporous surfaces
included sterile plastic, glass, and ceramic. After spreading, bacteria were left to dry for 15 minutes; then,
phage preparations, diluted in PBS, were applied uniformly in a 50 pL volume, sufficient to cover the 24
cm:z contaminated area, followed by drying for not more than 10 minutes at room temperature. Mock
treatments were performed by using PBS alone, whereas positive control treatments were performed by
using a chemical disinfectant (denatured ethanol).

After 1, 3, 6, and 24 hours of incubation at room temperature, surfaces were sampled by applying contact
Rodac plates, containing the appropriate selective medium. Residual bacterial CFU on artificially
contaminated surfaces were then measured by enumerating grown colonies after 24 hours incubation at

37°C.

The results evidenced that phages can efficiently reduce viable bacterial cells on contaminated surfaces,
even when the bacterial density is relatively low, with a reduction of up to 90+8% compared to mock-
treated surfaces, independently of the surface type (ceramic, plastic, glass) and bacterial species (S.
aureus, E. coli, P. aeruginosa) (Figure 2). A significant reduction, compared to controls, was detected at 1
hour post treatment at 10 MOI (-40+15%, p<0.05). Phage efficiency increased with increasing MOI, with
statistically significant differences between 10 and higher MOIs (100-1000) at all times tested (p<0.01),

whereas no significant difference was observed between 100 and 1000 MOI.
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Sert yiizeylerde faj dekontaminasyon potansiyeli

Dekontaminasyon deneyleri dnce ATCC bakteri suslari tizerinde gerceklestirildi. Klinik ortamlarda tespit
edilenlere benzer kontaminasyon kosullarini taklit etmek icin, onceki calismalarda hastane yiizeylerinde tespit
edilen, Avrupa hastanelerinde gerceklestirilen bakteri yiikiinii referans aldik.28,29 Bakteriyel hiicreler 102

CFU / 24 yogunlukta yiizeylere yayildi cm2, 4 x 104 CFU / m2'ye karsilik gelir. Test edilmis sert gozeneksiz
ylizeyler steril plastik, cam ve seramiktir. Yayildiktan sonra bakteriler 15 dakika kurumaya birakildi; daha sonra,
PBS ile seyreltilmis faj preparatlari, 50 cm'lik bir hacimde diizgiin bir sekilde uygulandi, 24 cm2 kirlenmis alani
kaplayacak kadar, ardindan oda sicakliginda 10 dakikadan fazla olmayan bir siire boyunca kurutuldu. Yalnizca
PBS kullanilarak sahte tedaviler gergeklestirilirken, bir kimyasal dezenfektan (denatiire etanol) kullanilarak
pozitif kontrol tedavileri yapildu.

Oda sicakliginda 1, 3, 6 ve 24 saatlik inkiibasyondan sonra, ylizeyler uygun se¢ici ortami i¢eren temas Rodac
plakalar1 uygulanarak drneklendi. Yapay olarak kontamine olmus ytlizeylerdeki artik bakteriyel CFU, daha sonra
37 © C'de 24 saat inkiibasyondan sonra yetistirilen kolonileri numaralandirarak dl¢tildii.

Sonuglar, fajlarin, bakteri yogunlugu nispeten diisiik olsa bile kirlenmis yiizeylerdeki canli bakteri hiicrelerini
verimli bir sekilde azaltabildigini gosterdi, sahte ylizeyle islemden bagimsiz olarak, yiizey tiiriinden bagimsiz
olarak% 90 + 8'e kadar bir azalma ile (seramik, plastik) , cam) ve bakteri tiirleri (S. aureus, E. coli, P.
aeruginosa) (Sekil 2). Kontrollere kiyasla anlamli bir azalma, 10 MOI'de tedaviden 1 saat sonra tespit edildi
(=40 £% 15, p <0.05). Fag verimliligi artan MOI ile artt1, test edilen her zaman (p <0.01) 10 ve daha yiiksek
MOT'ler (100-1000) arasinda istatistiksel olarak anlamli fark vardi, oysa 100 ve 1000 MOI arasinda anlamli bir
fark gézlenmedi.

Figure 2 Reduction of bacterial load on different types of hard surfaces treated
¥ - ! with specific phages. One hundred CFU of each ATCC bacterial strain (S.
- aureus, E. coli, and P. aeruginosa) were spread on the indicated sterile
surfaces, allowed to dry, and subsequently treated with the specific phages,
suspended in PBS, at the indicated MOI. After 1, 3, 6, and 24 hours at room
temperature, residual viable cells were measured by Rodac sampling with
specific selective media and subsequent CFU count after 24 hours of incubation
at 37°C. Negative CTR(—) samples were treated with PBS alone. Positive
CTR(+) samples were treated with denatured alcohol. Results represent the
mean £ SD of triplicate samples in two independent assays per bacterial target.
Abbreviations: ATCC, American Type Culture Collection; CFU, colony forming
units; PBS, phosphate-buffered saline; MOI, multiplicity of infection; CTR,
control.

Sekil 2 Belirli fajlarla muamele edilmis farkl sert yiizeylerdeki bakteri
yiikiiniin azaltilmasi. Her ATCC bakteri susunun yiiz CFU'su (S. aureus,
E. coli ve P. aeruginosa) belirtilen steril ylizeylere yayildi, kurumaya
birakild1 ve daha sonra belirtilen MOI'de PBS i¢inde siispanse edilen
spesifik fajlarla islendi . Oda sicakliginda 1, 3, 6 ve 24 saat sonra, kalan
canl1 hiicreler, spesifik segici ortam ile Rodac 6rnekleme ile 6lgiilmiis ve
daha sonra 37 ° C'de 24 saat inkiibasyondan sonra CFU sayimu ile
Olciilmiistiir. Negatif TO (-) numuneleri sadece PBS ile muamele edildi.
Pozitif TO (+) numuneleri denatiire alkol ile muamele edildi. Sonugclar,
bakteri hedefi basina iki bagimsiz tahlilde ii¢clii numunelerin ortalama +
SD'sini temsil eder.

Kisaltmalar: ATCC, Amerikan Tipi Kiiltiir Koleksiyonu; CFU, koloni
olusturan birimler; PBS, fosfat tamponlu salin; MOI, enfeksiyon
coklugu; TO, kontrol

Phage activity also increased with time, as almost no survivors were detected after 6 hours, when using
1000 MOI, and the reduction was maintained in the subsequent 24 hours. By contrast, disinfectant-treated

control surfaces showed an evident drop of bacterial cell number within the first 3-6 hours, followed by new



detection of viable bacteria after 24 hours, suggesting a bacteriostatic effect, rather than true bacterial

killing, had occurred on the surfaces.

Faj aktivitesi zamanla artmistir, ¢linkii 1000 MOI kullanildiginda 6 saat sonra hayatta kalanlar saptanmamistir
ve sonraki 24 saat iginde azalma saglanmistir. Buna karsilik, dezenfektanla muamele edilmis kontrol ylizeyleri
ilk 3-6 saat icinde belirgin bir bakteri hiicre sayis1 diisiisii gosterdi, ardindan 24 saat sonra yeni bakteri bakterisi
tespiti yapildi; bu, gergek bakteriyel 6ldiirme yerine bakteriyostatik bir etki meydana getirdigini gosterdi.

ylizeyler.

Phage effectiveness against MDR isolates spread on hard surfaces

Based on the results obtained on ATCC strains, phage activity was assessed using wild-type drug-
resistant S. aureus, E. coli, and P. aeruginosa isolates, collected from hospital surfaces.
The assays were performed as done for ATCC strains, using an MOI of 1000 and testing all different types of

surfaces (ceramic, plastic, glass). Results showed that phages significantly reduced also MDR bacteria on

treated surfaces (Figure 3), with no significant differences in the percentage of reduction of drug-resistant
strains compared to ATCC strains. In addition, no differences were observed among the different types of

hard surfaces used.

MDR izolatlarina karsi sert etkilere yayilmis faj etkinligi

ATCC suslarinda elde edilen sonuglara dayanarak, faj aktivitesi, hastane yiizeylerinden toplanan, vahsi tip ilaca direngli S.
aureus, E. coli ve P. aeruginosa izolatlar1 kullanilarak degerlendirildi.

Testler, ATCC suslar1 i¢in, 1000 MOI kullanilarak ve tiim farkli yiizey tiirlerinin (seramik, plastik, cam) test edildigi sekilde
yapildi. Sonuglar, fajlarin, islenmis ylizeylerdeki MDR bakterilerini de 6nemli l¢iide azalttigini gosterdi (Sekil 3), ATCC
suslarina kiyasla ilaca direngli suslarin azalmasi yiizdesinde anlamli bir fark yoktu. Ayrica, kullanilan farkl sert yiizey
tipleri arasinda fark gézlenmedi.
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Figure 3 Reduction of MDR hospital isolates on hard surfaces treated with specific

el ; -== phages. One hundred CFU of each bacterial isolate (wild-type S. aureus, E. coli,

- and P. aeruginosa strains) were spread on ceramic, plastic, or glass surfaces,
[ -
— f?‘:' 5 i “w= allowed to dry, and subsequently treated with the specific phages, suspended in
IS — -
.. —— PBS, at 1000 MOI. After 1, 3, 6, and 24 hours at room temperature, residual
-l

e et -« viable cells were measured by Rodac sampling with specific selective media, and

‘ ‘_—.__ subsequent CFU count after 24 hours of incubation at 37°C. Negative CTR(-)
samples were treated with PBS alone. Positive CTR(+) samples were treated with
denatured alcohol. Results represent the mean of triplicate samples in two
independent experiments, for each surface type. As no significant differences were
observed between surface types, graphed values represent the mean £ SD of all
the measured samples (18 total samples).
Abbreviations: MDR, multidrug-resistant; CFU, colony forming units; PBS,
phosphate-buffered saline; MOI, multiplicity of infection; CTR, control.

Sekil 3 Belirli fajlarla muamele edilen sert ylizeylerde MDR hastane
izolatlariin azaltilmasi. Her bakteri izolatinin (CF-tiirli S. aureus, E. coli ve
P. aeruginosa suslari) yiiz CFU'su seramik, plastik veya cam yiizeylere
yayilmis, kurumasina izin verilmis ve daha sonra i¢inde belirli fajlarla
muamele edilmistir. PBS, 1000 MOI'de. Oda sicakliginda 1, 3, 6 ve 24 saat
sonra, kalan canli hiicreler spesifik secici ortam ile Rodac drnekleme ile
Ol¢iilmiis ve daha sonra 37 ° C'de 24 saat inkiibasyondan sonra CFU sayimi
yapilmistir. Negatif TO (-) numuneleri sadece PBS ile muamele edildi.
Pozitif TO (+) numuneleri denatiire alkol ile muamele edildi. Sonuclar, her
ylizey tipi i¢in iki bagimsiz deneyde ti¢ kopya numunelerin ortalamasini
temsil eder. Yiizey tipleri arasinda anlamli bir fark goriilmediginden, cizilen
degerler 6lgiilen tiim drneklerin ortalama + SD'sini (toplam 18 6rnek) temsil
eder.

Kisaltmalar: MDR, ¢oklu ilaca diren¢li; CFU, koloni olusturan birimler;
PBS, fosfat tamponlu salin; MOI, enfeksiyon ¢oklugu; TO, kontrol

Phage stability in probiotic detergent

As one objective of this study was to determine whether phages could be used as decontaminants during
routine sanitation procedures performed in hospital cleaning, we tested phage stability in the eco-
sustainable detergent (PCHS), containing spores of probiotic Bacilli and already used for routine cleaning of
hospital surfaces in several Italian hospitals (Copma). Prior to use, concentrated PCHS detergent (pH =8.4)
was diluted 1:100 in sterile water, as indicated by the manufacturer, and used to suspend phages at

107 PFU/mL. Phage stability was measured after 1, 2, 3, and 7 days of incubation at room temperature, by
PFU titration on the specific bacterial targets, after removing the Bacillicomponent by centrifugation. The
results showed that phages retained 100% activity even after 7 days after dilution (Figure 4). Indeed,
both the number and diameter of lysis plaques obtained with phages in PCHS were larger on the same

tested bacterial strains, compared to those obtained with phages in PBS, although the differences were not

statistically significant (Table 2).

Probiyotik deterjanlarda faj stabilitesi

Bu ¢alismanin bir amaci, fajlarin hastane temizliginde yapilan rutin sanitasyon prosediirleri sirasinda
dekontaminant olarak kullanilip kullanilamayacagini belirlemekti, probiyotik Bacilli sporlarini igeren ve
halihazirda rutin temizlik i¢in kullanilan eko-siirdiiriilebilir deterjan (PCHS) igerisinde faj stabilitesini test ettik.
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birkag Italyan hastanesinde (Copma) hastane yiizeyleri. Kullanimdan 6nce konsantre PCHS deterjan (pH =
8.4), tiretici tarafindan belirtildigi gibi steril suda 1: 100 oraninda seyreltildi ve fajlar1 107 PFU / mL'de askiya
almak icin kullanildi. Faj stabilitesi oda sicakliginda 1, 2, 3 ve 7 giinliik inkiibasyondan sonra, belirli bakteri
hedeflerine PFU titrasyonu ile, Bacilli bilesenini santrifiijleme ile ¢ikardiktan sonra dl¢iilmiistiir. Sonuglar
fajlarin seyreltmeden 7 giin sonra bile% 100 aktivite korudugunu gostermistir (Sekil 4). Gergekten de, PCHS'de
fajlarla elde edilen lizis plaklarinin sayisi ve ¢api, ayni test edilen bakteri suslarinda, PBS'de fajlarla elde
edilenlere kiyasla daha biiytiktii, ancak farklar istatistiksel olarak anlamli degildi (Tablo 2).

PBS Detergent

Figure 4 Phage stability in PCHS detergent. Phage stocks were suspended in PBS
or in PCHS detergent diluted in water as indicated by the manufacturer, and kept
at room temperature in closed plastic tubes for 1, 2, 3, or 7 days. After the
indicated times, aliquots were collected and titrated by PFU counting on the
corresponding ATCC bacterial target. Samples were performed in duplicate.
Pictures refer to anti-E. coliphages. Superimposable results were obtained with the
phages directed against S. aureus and P. aeruginosa.

Abbreviations: ATCC, American Type Culture Collection; PCHS, Probiotic Cleaning
Hygiene System; PFU, plaque forming units; PBS, phosphate-buffered saline.

Sekil 4 PCHS deterjaninda faj stabilitesi. Faj stoklari, tiretici tarafindan
belirtildigi gibi suyla seyreltilmis PBS'de veya PCHS deterjaninda siispanse
edildi ve oda sicakliginda, kapali plastik tiiplerde 1, 2, 3 veya 7 giin
boyunca tutuldu. Belirtilen siirelerden sonra, alikotlar toplandi ve karsilik
gelen ATCC bakteri hedefinde sayilan PFU tarafindan titre edildi.
Numuneler iki kopya halinde gerceklestirildi. Resimler anti-E'ye aittir.
kolifajlarinin bulundugu gruptan se¢ilmistir. Siiper atilabilir sonuglar, S.
aureus ve P. aeruginosa'ya yonelik fajlarla elde edildi.

Kisaltmalar: ATCC, Amerikan Tipi Kiiltiir Koleksiyonu; PCHS, Probiyotik
Temizlik Hijyen Sistemi; PFU, plak olusturma birimleri; PBS, fosfat
tamponlu salin.

Table 2 PFU titration of phage preparation in detergent and PBS
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Notes::Phages were titrated by soft agar method after 7 days in PBS or PCHS
solution. Results are expressed as mean PFU £ SD x10s/mL in triplicate
experiments.

Abbreviations: PBS, phosphate-buffered saline; PCHS, Probiotic Cleaning Hygiene
System; PFU, plaque forming units; ns, not significant.

Tablo 2 Deterjan ve PBS'de faj preparasyonunun PFU titrasyonu

Notlar: aPhages, 7 giin sonra PBS veya PCHS ¢ozeltisinde yumusak agar
usuliiyle titre edildi. Sonuglar, ti¢lii deneylerde ortalama PFU + SD x 106 /
mL olarak ifade edilir.

Kisaltmalar: PBS, fosfat tamponlu salin; PCHS, Probiyotik Temizlik
Hijyen Sistemi; PFU, plak olusturma birimleri; ns, anlamli degil.

Phage/probiotic decontaminating effectiveness “in situ”

Since previous results showed that probiotic-based PCHS detergents were able to gradually and stably abate
pathogens on surfaces,= based on results showing phage stability in PCHS detergent, we wanted to assess
the effectiveness of a combined phage-probiotic detergent in reducing bacterial load on surfaces. To this
aim, we performed decontamination assays in situ, using S. aureus as the target pathogen. Briefly, a

102 CFU/mL culture of S. aureus was uniformly spread on the ceramic sink of an isolated bathroom, allowed


https://www.dovepress.com/efficient-removal-of-hospital-pathogens-from-hard-surfaces-by-a-combin-peer-reviewed-fulltext-article-IDR#ref28

to dry for 24 hours, and then treated by spraying PCHS detergent alone, or added with 10s PFU/mL of anti-
staphylococcal phages, corresponding to 1000 MOI.

The detergent solution sprayed on the tested surfaces was kept low enough to dry completely in <10
minutes, mimicking routine surface cleaning. After treatment, surface contamination was assayed by
application of Baird-Parker Rodac plates after 1 hour, and 1, 3, and 15 days. Both S. aureus and PCHS-
Bacilli can grow on Baird-Parker agar, being, however, clearly distinguishable as S. aureusoriginates black

round colonies surrounded by a clear zone, whereas Bacilli give rise to irregular gray-brown colonies.

Collected results, summarized in Figure 5, confirmed that phage treatment alone significantly reduced
bacterial CFU at early times post treatment (90+5% at 1 and 24 hours after treatment) (p<0.01), as

already observed in in vitro assays. However, the reduction was not maintained at later times (15 days),
likely due to the loss of intact and therefore infectious phages on the surface. By contrast, probiotics alone,
began to be active after 3 days, as expected, with a maximum reduction of 75£6% at 15 days after
application. Interestingly, the combined use of phages and probiotics resulted not only in a rapid reduction

of the target bacteria (94+4% within 1 hour), but also in the persistence of CFU reduction even after 15

days (99£1%). The graph in Figure 6represents the CFU amount detected in in situ assays following the

application of phage, probiotic, or phage-probiotic-based compounds.

Faj / probiyotik dekontamine edici etkinligi “yerinde”

Onceki sonuglar, probiyotik bazli PCHS deterjanlarinin, PCHS deterjaninda faj stabilitesini gdsteren sonuglara dayanarak
28 ylizeyde patojenleri kademeli olarak ve stabil bir sekilde azaltabildigini gosterdiginden, kombine faj-probiyotik
deterjanin, bakteriyel yiikii azaltmadaki etkinligini degerlendirmek istedik. yiizeyler. Bu amagla, hedef patojen olarak S.
aureus kullanarak yerinde dekontaminasyon deneyleri yaptik. Kisaca, 102 CFU / mL'lik bir S. aureus kiiltiirii izole bir
banyonun seramik lavabosuna esit bir sekilde yayildi, 24 saat kurumaya birakildi ve sonra PCHS deterjaninin tek basina
puskiirtiilmesiyle muamele edildi veya 105 PFU / mL anti- 1000 MOI'ye karsilik gelen stafilokokal fajlar.

Test edilen yiizeylere piiskiirtiilen deterjan ¢dzeltisi, rutin yiizey temizligini taklit eden tamamen <10 dakikada kurumasi
icin yeterince diisiik tutuldu. Muameleden sonra, Baird-Parker Rodac plakalarin 1 saat ve 1, 3 ve 15 giin sonra
uygulanmastyla yiizey kirliligi denenmistir. Hem S. aureus hem de PCHS-Bacilli, Baird-Parker agari iizerinde biiytiyebilir,
ancak S. aureusoriginal bir bolge ile ¢evrili siyah yuvarlak kolonileri belirlerken agikca belirgin olarak ayirt edilirken,
Bacilli diizensiz gri-kahverengi kolonilere yol agar. Sekil 5'te 6zetlenen toplanan sonuglar, faj isleminin tek basina tedavi
sonrasi erken zamanlarda bakteriyel CFU'yu 6nemli 6lgiide azalttigint dogruladi (tedaviden sonra 1 ve 24 saatte% 90 + 5)
(daha dnce in vitro analizlerde gozlendigi gibi) (p <0.01). Bununla birlikte, azalma, yiizeydeki bozulmamis ve bu nedenle
enfeksiy6z fajlar nedeniyle, daha sonraki zamanlarda (15 giin) stirdiirilmemistir. Buna karsilik, tek basina probiyotikler,
beklendigi gibi 3 giin sonra, uygulamadan 15 giin sonra maksimum% 75 + 6'lik bir azalma ile aktif olmaya basladu. lging
bir sekilde, fajlarin ve probiyotiklerin birlesik kullanimi, sadece hedef bakterilerin hizli bir sekilde diismesine neden olmadi
(1 saat i¢inde% 94 + 4), ayrica 15 giin sonra bile (% 99 + 1) CFU azalmasimin devam etmesiyle sonuclandi. Sekil 6'daki
grafik, faj, probiyotik veya faj probiyotik bazli bilesiklerin uygulanmasini takiben in situ analizlerde tespit edilen CFU
miktarini gosterir.
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Figure 5 Reduction of Staphylococcus aureus contamination in situ, by a
combined phage-probiotic detergent. About 100 CFU of S. aureus (ATCC strain)
per 24 cm: were uniformly spread on the surface of a ceramic sink. After 24 hours,
the artificially contaminated surface was treated with water (CTR), probiotic
detergent alone (PCHS), anti-staphylococcal phages in PBS alone (phages), or
probiotic detergent including anti-staphylococcal phages (PCHS + phages). Phages
were used at 1000 MOI. After 1 hour, and 1, 3, and 15 days, surfaces were
sampled by Baird-Parker Rodac plates, and residual S. aureus viable cells were
counted by enumerating black round colonies after 24 hours of incubation at 37°C.
PCHS-Bacilli gave rise to gray-brown irregular colonies on Baird-Parker medium,
easily distinguishable from the S. aureus ones. Results are representative of
duplicate samples in three independent experiments.

Abbreviations: h, hours; d, days; ATCC, American Type Culture Collection; PCHS,
Probiotic Cleaning Hygiene System; CFU, colony forming units; PBS, phosphate-
buffered saline; MOI, multiplicity of infection; CTR, control.

Sekil 5 Kombine bir faj-probiyotik deterjanla yerinde Staphylococcus
aureus kontaminasyonunun azaltilmasi. 24 cm?2 basina yaklasik 100 CFU S.
aureus (ATCC susu), bir seramik lavabonun yiizeyine diizgiin bir sekilde
yayildi. 24 saat sonra, yapay olarak kontamine olmus yiizey, su (CTR),
sadece PBS iginde yalnizca probiyotik deterjan (PCHS), anti-stafilokok
fajlar1 (sadece PJ'ler) veya anti-stafilokokal fajlar (PCHS + fajlar dahil)
igeren probiyotik deterjan ile muamele edildi. Fajlar, MOI'de 1000
kullanilmugtir. 1 saat ve 1, 3 ve 15 giin sonra, yilizeyler Baird-Parker Rodac
plakalar ile 6rneklendi ve artik S. aureus canli hiicreleri, 37 © C'de 24 saat
inkiibasyondan sonra siyah yuvarlak kolonilerin sayilmasiyla sayildi.
PCHS-Bacilli, Baird-Parker ortaminda, S. aureus'lardan kolayca ayirt
edilebilen gri-kahverengi diizensiz kolonilere yol acti. Sonuglar, kopya
numunelerin ti¢ bagimsiz deneyde temsilidir.

Kisaltmalar: saat, saat; d, glinler; ATCC, Amerikan Tipi Kiiltiir
Koleksiyonu; PCHS, Probiyotik Temizlik Hijyen Sistemi; CFU, koloni
olusturan birimler; PBS, fosfat tamponlu salin; MOI, enfeksiyon ¢oklugu;
TO, kontrol



- —— Figure 6 Average reduction of Staphylococcus aureus contamination in situ, by a

l |l‘ IL |h Iﬂ :‘i. combined phage-probiotic detergent. Surfaces were artificially contaminated

,'. with S. aureus and subsequently treated as described in Figure 5. Results are

. ! o expressed as mean value * SD of duplicate samples from three independent
experiments. CTR, water; PCHS, probiotic detergent alone; phages, anti-
staphylococcal phages in PBS alone; PCHS + phages, probiotic detergent including
anti-staphylococcal phages.
Abbreviations: PCHS, Probiotic Cleaning Hygiene System; PBS, phosphate-
buffered saline; CTR, control; h.p.t, hours post treatment; d.p.t, days post

treatment.

Sekil 6 Kombine bir faj-probiyotik deterjan ile yerinde Staphylococcus
aureus kontaminasyonunun ortalama azalmasi. Yilizeyler yapay olarak S.
aureus ile kirlenmis ve daha sonra Sekil 5'te tarif edildigi gibi muamele
edilmistir. Sonuglar, tic bagimsiz deneyden elde edilen kopya numunelerin
ortalama degeri + SD olarak ifade edilmistir. TO, su; PCHS, sadece
probiyotik deterjan; fajlar, sadece PBS'de anti-stafilokokal fajlar; PCHS +
fajlar, anti-stafilokokal fajlar dahil probiyotik deterjan.

Kisaltmalar: PCHS, Probiyotik Temizlik Hijyen Sistemi; PBS, fosfat
tamponlu salin; TO, kontrol; h.p.t, islemden sonraki saatler; d.p.t, islemden
sonraki giinler.

Discussion

Phages have been repeatedly suggested as potential decontaminating agents against foodborne pathogens
on food and food processing surfaces,2-» |leading to approval by the FDA of the use of phages for
decontamination from the food pathogen L. monocytogenes.:z More recently, the emergence of increasing
antibiotic-resistant bacterial pathogens has directed attention on methods capable of controlling their spread
and growth, both in infected subjects and surfaces of health care settings. Toward this aim, phages have
been recently tested against drug-resistant strains of E. coliand S. aureus, showing good activity on surfaces
and fomites,23s3s and suggesting their potential use as disinfectants substitutes or disinfectants
supplements.

Although promising, most reported phage-based studies appear barely applicable in routine sanitation, as
prolonged contact between phages and target bacteria in aqueous solution is generally

needed,s consequently needing that surfaces remain wet for a long time, that is not compatible with
inpatients presence. In addition, in vitro phage activity was tested on highly contaminated surfaces, using
bacterial densities (around 10s CFU/m:z), which facilitate the encounter between phages and target
bacteria,z but are not consistent with what is found on health care settings surfaces, where the mean level
of contamination is 3-5 logs lower (around 103-10sCFU/mz). This implies that, to be predictive, in vitro tests
should be performed using bacterial amounts comparable to those detectable on hospital surfaces.
Interestingly, however, a recent paper reported a decrease of Acinetobacter baumannii infections upon using
the application by aerosol of specific anti-Acinetobacter phages in addition to chlorine-based disinfection for
terminal sanitation of intensive care unit (ICU) rooms,s:isuggesting they might be used effectively to reduce
specific pathogens in hospital rooms, although the modality used for phage application was only compatible

with sporadic use, such as during terminal sanitation, when the room is empty. Also, a high-phage
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concentration was used to treat a small space, and no information about the relative abundance of the
bacterial target and the specific bacteriophages was available, rendering it difficult to draw a conclusion
about the possible general use of phages in routine sanitation. On the other hand, a probiotic-based
sanitation procedure has been shown to stably abate surface pathogens,zs-2 potentially controlling a high
number of HAI-associated pathogens. The system, named PCHS, consists in a mild eco-friendly chemical
detergent added with spores of Bacillus probiotics. Due to the action, essentially based on competitive
antagonism mechanisms, PCHS effects are slow and not specific.

Based on the promising and complementary characteristics of bacteriophages and probiotics, the aim of this
study was to analyze the stability of phages in the PCHS detergent, to ascertain the feasibility of a combined

phage/probiotic sanitation in routine protocols used for hospital environments.

To this purpose, we used some of the HAI-associated pathogens most frequently detected as persistent
contaminants on hospital surfaces, namely S. aureus, E. coli, and P. aeruginosa, as target bacteria. Tested
hard surfaces included ceramic, plastic, and glass, as these surface typologies are often present in hospital
rooms and environment. Furthermore, as hospital pathogens are often MDR, because of the selective
pressure exerted by the use of antibiotics, we also examined phage ability to eliminate drug-resistant strains
of S. aureus, E. coli, and P. aeruginosa. Such strains were isolated from hospital surfaces, thus representing
more closely what can be actually found in hospital environments.

To mimic bacterial densities comparable to those found on hospital surfaces, target bacteria were seeded at
100 CFU/24 cmz, corresponding to 4x10+CFU/m:z, representing a realistic contamination value, based on
previous studies.z In addition, to imitate what is done during sanitation procedures, we kept the contact
time between phages and bacteria in water solution as low as far as possible, using phage volumes drying in
a maximum time of 10 minutes.

The results showed that phages can be active in decontaminating all the types of hard surfaces tested,
without any detectable difference between surface types and bacterial strains, indicating that phages in vitro
are active in removing pathogen levels similar to those detected on field on hospital surfaces. In addition,
phages proved to be comparably active against MDR hospital isolates, highlighting their ability to eliminate
drug-resistant pathogens, not only in infected subjects, where bacterial concentration and growth rate are

high, but also on inanimate surfaces, where the bacterial density and growth rate are sensibly lower.

Notably, phages not only retained their full activity when suspended in PCHS detergent at work dilution, but
indeed also exhibited stronger antibacterial activity compared to that observed when phages are suspended
in PBS. This suggests that the cleaning chemicals contained in the eco-friendly probiotic detergent might
somehow stabilize phages at room temperature, favor the contact between phage and bacterial targets, or

facilitate the entrance/action of phages in the bacterial cell.

Consistently with the results obtained in vitro, as well as with previous observations conducted with
probiotic-detergent on hospital surfaces, in situ assays showed that the combined probiotic-phage
application resulted in remarkable decontaminating activity, compared to the individual probiotic and phage
components alone. In fact, viable bacterial targets dropped very rapidly (within 1 hour), in contrast to what
was observed with probiotics alone, likely as a consequence of the killing ability of phages. By contrast,
contrarily to what was observed with phages alone, bacterial contamination was maintained stably low for a

prolonged time interval (till 2 weeks, representing the assay time end), likely due to the stabilizing action of
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the probiotic component of the detergent, that, acting by competitive inhibition of target bacteria, is able to

overcome the problem associated to loss of infectivity of phages on treated surfaces.

Tartisma

Fajlar, gida ve gida isleme yiizeylerinde gida kaynakli patojenlere karsi potansiyel dekontamine edici ajanlar
olarak defalarca onerilmis olup, 32-34, gida patojeni L. monositojenlerinden dekontaminasyon i¢in faj
kullaniminin FDA tarafindan onaylanmasina yol agmistir.37 Daha yakin bir zamanda, antibiyotige direncli
bakteriyel patojenlerin artmasi, hem enfekte olmus kisilerde hem de saglik bakimi ortamlarinin yiizeylerinde
yayilmalarini ve biiyiimelerini kontrol edebilen yontemlere dikkat ¢ekti. Bu amaca yonelik olarak fajlar, yakin
zamanda E. coliand S. aureus'un ilaca direncli suslarina karsi test edildi, ylizeyler ve fomitler iizerinde iyi
aktivite gosterildi, 32,35,36 ve dezenfektanlarin yerine gecenler veya dezenfektanlarin takviyeleri olarak
potansiyel kullanimlarii 6ne stirdiiler.

Umit verici olsa da, rapor edilen faja dayali calismalarin ¢ogu, rutin sanitasyonda zar zor uygulanabilir
gorliinmektedir, ¢linkii sulu ¢ozelti icerisinde fajlar ve hedef bakteriler arasinda uzun siireli temas genellikle
gereklidir, bunun sonucunda, yiizeyin uzun siire 1slak kalmasi, bunun i¢in yatarak tedavi edilmesi
gerekmemektedir. . Ek olarak, in vitro faj aktivitesi, fajlarla hedef bakteriler arasinda karsilagsmay1 kolaylastiran,
ancak 36 saglik bakimi ortamlarinda bulunanlarla tutarli olmayan bakteri yogunluklari (yaklasik 108 CFU / m2)
kullanilarak ytiksek derecede kontamine olmus yiizeylerde test edilmistir, ortalama kirlilik seviyesinin 3—5
oldugu durumlarda, kiitiikler daha diisiiktiir (yaklagik 103—105 CFU / m2). Bu, dngorticii olmasi igin, hastane
ylizeylerinde saptanabilenlere benzer bakteriyel miktarlar kullanilarak in vitro testlerin yapilmasi gerektigi
anlamina gelir. Bununla birlikte, ilging bir sekilde, yeni bir makale, yogun bakim iinitesinin (ICU) odalarinin
terminal temizligi i¢in klor bazli dezenfeksiyonun yani sira spesifik Acinetobacter fajlarinin aerosolil ile
uygulanmasinin ardindan Acinetobacter baumannii enfeksiyonlarinin azaldigini bildirmistir, faj uygulamasi i¢in
kullanilan yontem sadece oda bosken terminal sanitasyonunda oldugu gibi sporadik kullanimla uyumlu
olmasina ragmen, hastane odalarindaki spesifik patojenleri etkin bir sekilde azaltmak igin etkilidir. Ayrica,
kiigiik bir alan1 tedavi etmek i¢in yiliksek faj konsantrasyonu kullanildi ve bakteriyel hedefin goreceli bollugu ve
spesifik bakteriyofajlar hakkinda higbir bilgi mevcut degildi, bu da fajlarin rutin sanitasyonda olasi genel
kullanim1 hakkinda bir sonug ¢ikarilmasimi zorlastirdi. . Ote yandan, probiyotik bazli bir sanitasyon
prosediiriiniin yiizey patojenlerini stabil bir sekilde azalttigi, potansiyel olarak yiiksek sayida HAI ile iligkili
patojeni kontrol eden 28-30 oldugu gosterilmistir. PCHS adi verilen sistem, Bacillus probiotics sporlari ile
eklenen hafif, gevre dostu kimyasal bir deterjandan olusur. Eylem nedeniyle, esasen rekabet¢i diigmanlik
mekanizmalarina dayanarak, PCHS etkileri yavas ve spesifik degildir.

akteriyofajlarin ve probiyotiklerin iimit verici ve tamamlayici 6zelliklerine dayanarak, bu ¢alismanin amact,
PCHS deterjanindaki fajlarin stabilitesini analiz etmek, hastane ortamlarinda kullanilan rutin protokollerde
kombine faj / probiyotik sanitasyonunun uygulanabilirligini tespit etmektir.

Bu amagla, hastane yiizeylerinde kalici kirletici madde olarak en sik tespit edilen HAI ile iligkili baz1 patojenleri
hedefledik, 6rnegin S. aureus, E. coli ve P. aeruginosa. Test edilen sert ylizeyler seramik, plastik ve cam
icermekteydi, ¢iinkii bu yiizey tipolojileri genellikle hastane odalarinda ve ortamda bulunur. Ayrica, hastane
patojenleri siklikla MDR oldugundan, antibiyotiklerin kullanimiyla uygulanan selektif basing nedeniyle, ayrica
S. aureus, E. coli ve P. aeruginosa'nin ilaca direncli suslarini ortadan kaldirmak i¢in faj yetenegini de inceledik.
Bu tiir suslar hastane yiizeylerinden izole edilmistir, bu nedenle hastane ortamlarinda gergekte ne
bulunabilecegini daha yakindan temsil etmektedir.

Hastane yiizeylerinde bulunanlarla karsilastirilabilir bakteriyel yogunluklari taklit etmek i¢in, hedef bakteriler,
onceki ¢alismalara dayanarak gergekei bir kirlilik degerini temsil eden, 4 x 104 CFU / m2'ye karsilik gelen 100
CFU / 24 cm2'de tohumlanmistir.29 sanitasyon prosediirleri sirasinda, su ¢ozeltisinde fajlar ve bakteriler
arasindaki temas stiresini olabildigince diisiik tuttuk ve maksimum 10 dakikalik bir siirede faj hacimleri
kurutmay1 kullanarak yaptik.

Sonuglar, fajlarin, test edilen tiim sert yiizey tiplerinin dekontamine edilmesinde aktif olabilecegini gosterdi,
ylizey tipleri ve bakteri suslar1 arasinda herhangi bir tespit edilebilir fark olmadan, in vitro fajlarin, hastane
ylizeylerinde sahada tespit edilenlere benzer patojen seviyelerinin giderilmesinde aktif oldugunu gosterir. Ek
olarak, fajlarin MDR hastane izolatlarina kars1 karsilastirmali olarak etkin olduklar1 kanitlanmistir, yalnizca
bakteri yogunlugu ve biiyiime oraninin yiiksek oldugu viriislii yiizeylerde degil, ayn1 zamanda bakteri
yogunlugu ve biiylime oraninin yiiksek oldugu viriislii ylizeylerde ilaca direngli patojenleri ortadan kaldirma
yeteneklerini vurgulayarak biiytime hizi oldukga diisiiktiir.

Ozellikle, fajlar, sadece is seyreltilmesinde PCHS deterjaninda siispanse edildiklerinde tam aktivitelerini
muhafaza etmekle kalmayip, fajlar, PBS igerisinde siispanse edildiginde gozlemlenenlere kiyasla daha giiclii
antibakteriyel aktivite sergilemistir. Bu, ¢evre dostu probiyotik deterjanda bulunan temizleme kimyasallarinin,
fajlart oda sicakliginda bir sekilde stabilize edebilecegini, faj ve bakteriyel hedefler arasindaki temasi
destekleyebilecegini veya fajlarin bakteri hiicresindeki girigini / etkisini kolaylastirabilecegini gostermektedir.
In vitro elde edilen sonuglarla ve hastane yiizeylerinde probiyotik-deterjanla yapilan dnceki gozlemlerde oldugu
gibi, yerinde analizler, kombine probiyotik-faj uygulamasimnin, tek tek probiyotik ve faj bilesenlerine kiyasla
dikkate deger bir dekontamine edici aktivite ile sonuclandigini gostermistir. Aslinda, uygulanabilir bakteriyel
hedefler, fajlarin 6ldiirme kabiliyetinin bir sonucu olarak, sadece probiyotiklerle gézlenenlerin aksine, 1 saat



icinde ¢cok hizli bir sekilde diigmiistiir. Aksine, yalnizca fajlarla gézlenenlerin aksine, bakteriyel kontaminasyon,
deterjanin probiyotik bileseninin dengeleyici etkisinden dolay1, muhtemelen, deterjanin probiyotik bileseninin
dengeleyici etkisinden dolay1, uzun bir siire boyunca (deney siiresinin sonunu temsil eden 2 haftaya kadar)
stabil bir sekilde diisiik tutuldu Hedef bakterilerin rekabetci inhibisyonuyla hareket ederek, fajlarin muamele
edilen yiizeylerde enfektivite kaybina bagli problemin tistesinden gelebilir.

Conclusion

Our data indicate that a phage/probiotic detergent might be suitable for use as routine sanitizing agent.
This, especially in consideration of the high proportion of antibiotic-resistant isolates on hospital surfaces,
opens new perspectives for the development of innovative products and systems aimed at the prevention of
HAIs transmitted by contaminated surfaces in the hospital environment.

Sonug¢

Verilerimiz, bir faj / probiyotik deterjanin rutin temizleme maddesi olarak kullanim i¢in uygun olabilecegini
gostermektedir. Bu, 6zellikle hastane yiizeylerinde yiiksek oranda antibiyotige direncli izolat kullanilmasi

dikkate alindiginda, hastane ortaminda kirlenmis yiizeyler tarafindan iletilen HAI'lerin 6nlenmesine yonelik
yenilikgi tirlin ve sistemlerin gelistirilmesi i¢in yeni bakis acilari ortaya koymaktadir.
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Bacteriophages and probiotics can be efficient sanitizing agents.

What is it about?

The so-called hospital-acquired infections are often transmitted by microbes contaminating hospital surfaces, which are also often resistant to drugs,
consequently causing infections very hard to treat, responsible of millions deaths in western world. Unfortunately, conventional chemicals-based cleaning
is not efficient in eliminating in a stable way such pathogenic microbes, indeed promoting their resistance to disinfectants and drugs. In the attempt to find
a method capable of fighting such pathogens, we recently studied a biological approach based on the use of beneficial bacteria, showing that they can
abate pathogens without inducing drug-resistances. However, probiotics action is not rapid, nor specific. By contrast, bacteriophages are able to kill
specific bacteria very rapidly, but their action is limited in time. Consequently, based on the properties of probiotics and bacteriophages, we wanted to test
their combined use as a potential system for eliminating in a stable way the bacteria mainly responsible for hospital infections, with particular attention to
drug-resistant ones. Collected results, obtained using an eco-friendly cleanser additioned with bacteriophages and probiotics, showed that this biological
approach is effective in stably eliminating surface pathogens, as it combines the rapid and specific action of bacteriophages with the stabilizing and

general action of probiotics. This approach open new perspectives in the management of infection control in the hospital environment.

Bakteriyofajlar ve probiyotikler etkili temizlik maddeleri olabilir.

Ne hakkinda?

Hastane kaynakl enfeksiyonlar, siklikla, ilaglara da direngli olan hastane yiizeylerini kirleten mikroplar tarafindan bulasir,
bu nedenle bat1 diinyasinda milyonlarca 6liimden sorumlu olan enfeksiyonlarin tedavisi ¢ok zordur. Ne yazik ki,
konvansiyonel kimyasal bazli temizleme, bu tiir patojen mikroplarin kararl bir sekilde giderilmesinde etkili degildir,
aslinda dezenfektanlara ve ilaglara kars1 direnglerini arttirir. Bu tiir patojenlerle savasabilecek bir metot bulma girisiminde
yakin zamanda, yararl bakterilerin kullanimina dayanan biyolojik bir yaklagim tizerinde galistik, ilaca diren¢ gostermeden
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patojenleri azaltabileceklerini gosterdi. Bununla birlikte, probiyotikler eylemi hizli veya spesifik degildir. Buna karsilik,
bakteriyofajlar belirli bakterileri ¢ok hizli bir sekilde 6ldiirebilirler, ancak zamanla etkileri sinirlidir. Sonug olarak,
probiyotiklerin ve bakteriyofajlarin 6zelliklerine dayanarak, bunlarin kombine kullanimlarini, ilaglara direngli olanlara 6zel
dikkat gostererek, 6zellikle hastane enfeksiyonlarindan sorumlu olan bakterileri stabil bir sekilde elimine etmek i¢in
potansiyel bir sistem olarak test etmek istedik. Bakteriyofajlar ve probiyotiklerle ilave edilen ¢evre dostu bir temizleyici
kullanilarak elde edilen toplanan sonuglar, bu biyolojik yaklagimin, bakteriofajlarin hizli ve spesifik etkisini probiyotiklerin
dengeleyici ve genel etkisiyle birlestirdigi igin, yiizey patojenlerinin stabil bir sekilde giderilmesinde etkili oldugunu
gostermistir. Bu yaklagim hastane ortaminda enfeksiyon kontroliiniin yonetiminde yeni bakis agilari agar.

Why is it important?
The use of eco-friendly cleansers additioned with bacteriophages and probiotics can be an efficient biological approach to fight infections and antibiotic

resistance.

Neden onemlidir

Bakteriyofajlar ve probiyotiklerle birlikte verilen ¢evre dostu temizleyicilerin kullanimi enfeksiyonlarla ve antibiyotik
direnciyle miicadelede etkili bir biyolojik yaklasim olabilir. Read more on Kudos...
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