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Disinfection and sterilization: An overview

William A. Rutala PhD, MPH*>*, David J. Weber MD, MPH *P

* Hospital Epidemiology. University of North Caroling Health Care System, Chapel Hill, NC
 Pivision of Infectious Diseases, University of North Caroling School of Medicing Chapel HIl NC

Key Waords: All invasive procedures involve contact by a medical device or surgical instrument with a patient's
Health care-associated infections sterile tissue or mucous membranes. The level of disinfection or sterilization is dependent on the
Mosocomial

intended use of the object: critical (items that contact sterile tissue such as surgical instruments),

Smt.;l.‘inl‘? s semicritical (items that contact mucous membrane such as endoscopes ), and noncritical (devices that
& ' icides contact only intact skin such as stethoscopes) items require sterilization, high-level disinfection,

and low-level disinfection, respectively. Cleaning must always precede high-level disinfection and
sterilization.

Copyright © 2013 by the Association for Professionals in Infection Control and Epidemiology, Inc.
Published by Elsevier Inc. All rights reserved.




Table 1
Methods for disinfecion and sterilization of patent care items and environmental surfacoes*

Level of microbial

Process inactivation Method Examples (with processing tmes) Health care application (exam ples)
Sterilization Destroys all microorganisms,  High temperature  Steam { ~40 min}, dry heat {1-6 hre depending on Heat-tolerant critical {surgical
E— includ ng bacterial spores  Low temperature temperature instruments ) and semicrincal

Liquid immersion  Ethylene oxide gas ( ~15 hr), hydrogen peroxide gas patient care items
plasma (28-52 min}, ozone [ ~4 hr), hydrogen Heat-sensitive critical and semicritical
peroxide vapor (55 min) patient care ibems
Chemical sterilants’: =2% glut ( ~ 10 hr); 1.12% glut  Heat-sensitive criical and semicritical
with 1.93% phenol (12 he); 735% HP with 0.23% patient care items that can be
PA (3 hr); B3% HP with 7.0% PA (5 hr); 7.5% HP irnmer sed
(6 hr); 1.0% HP with L0S% PA (8 hr) =02% PA
(12 min at 50°C-56°C)

Hig h-level Destroys all micro-organisms  Heat automated Pasteurization (65-C-77°C, 30 min ) Heat-sensitive semicritical ibems {eg,
disinfection (HLD) except high numbers of Liguid immersion  Chemical sterilantsHLDs': 2% glut (20-45 min; respiratory therapy equipment)
E— bacterial spores 0.55% OPA(12 min); 1.12% glut with 1.93% Heat-sensitive semicridcal items {eg,

phenol (20 min ) 735% HP with 0.23% PA Gl endoscopes, brondwsompes,

(15 min); 7.5% HP (30 min);, 1.0% HPF with 0.08% endocavitary probes )
PA (25 minj, 400-450 ppm chlorine {10 min);
2.0% HP (B min): 3.4% glut with 26% isopropanol

(10 min}
Inte rmediate- e vel Destroys vegetative bacteria,  Liquid contact EPA-registered hospital disinfectant with label Moncritical patient care item (blood
disinfection miycobacteria, most daim regarding tuberculocidal activity pressure cuff ) or surface with
_— viruses, most fungi (eg, chlorine-based products, phenolics, visible bood
but ot baderial spores improved hydrogen peroxide exposurne
tmes at least 1 min}
Lonar-leveel Destroys wegetative bacteria,  Liquid contact EPA-registered hospital disinfectant with no MNomritical patient care item (blood
disinfection some Fungl and viruses tuberculocidal claim (eg, chlorime-based pressure culff ) or surface { bedside
but not mymbacteria products, phenolics, improved hydrogen table) with no visible blood
oF S[Ores peroxide, quaternary ammonium com pounds-
exposure times at least 1 min) or 705-90%
alcohol

EPA, Enwvironmental Protection Agency : FDA, Food and Drug Administration : Gl, gastrointestinal; ghur, glutaraldehyde; HP, hydrogen peroxide ; OPA, ortho-phthalaldehyde; PA,
peracetic add; ppm, parts per million.

*Modified from Rutala and Weber,* Rutala and Weber,” and Kohn et al.™®

"Consult the FOA cleared package insert for information about the cleared contact Gme and temperature, and see reference Rutala and Weber? for discussion of why one
product is used at a reduced exposure time (2% glutaraldehyde at 20 min, 200C). Increasing the temperature using an automated endoscope reproaess (AER) will reduce
the mntact e {eg, OPA 12 min at 206 C but 5 min at 25°C in AER). Exposure temperatures for some high-level disinfectants above varies from 200C to 25 C: check FDA-
cleared temperature conditions.® Tubing must be completely filled for high-level disinfection and liquid chemical sterilizaton. Material compatibility should be
investigated when appropriate (eg, HF and HP with PA will cause fundional damage to endoscopes).




Bacterial biofilm shows persistent resistance
to liquid wetting and gas penetration

Alexander K. Epstein®, Boaz Pokroy®', Agnese Seminara® and Joanna Aizenberg>=®?

*School of Engineering and Applied Sciences, Harvard Uniwversity, 29 Oxford Street, Cambridge, MA 02138; "Kavli Institute for Bionano Science and
Technology and Sdhool of Engineering and Applied Sciences, Harvard University, Cambridge, M&A 02138; “Department of Chemistry and Chemical Biology,
Harvard University, 12 Oxford Street, Cambridge, MA 02138; and “Wyss Institute for Biologically Inspired Engineering, 3 Blackfan Circle, Boston,

MA 02115

Edited by Jerry P Gollub, Haverford College, Haverford, PA, and approved Movember 19, 2010 (received for review lJluly 29, 2010)

Plasma
Light photons Electrons Metastables lons _ Electric fields
-

= = - ‘3\&” -—

- -
o oH s
=5 & L
H.O
Efﬂv_.xent O5 H.O. <6~
region P I € % -
("N‘:' J‘?.-
[ONOO-] @0
P N
=SS 101 [H.0] . oot
Biofilm interface = W = (.aq) -
[NO:] ‘02
— Hydrated,
—

negatively

[r— . 3 [u— charged matrix
(,(EL' Celi-to-cell
3 3 === signals Change in \ p

< physiology / =
. /VQ -—

N
- @3 oS Proein A&:@sf HS \%9
> Few nutrients TS5 growers 858(3 —
L ————— 2
— %v

3 Alginate >
—_— - i’ i 7 A—
Persister cells -vév =~ Slow growersk*._)\,;?)

Trends in Biotec mnclogy

dispersal

J

Wk

~100 um penetration

FAg. 6. Synchrotron microcomputed tomography reconstructed images of
the {4) WT, (8 taxA mutant, and () epsH mutant of B. subtilis biofilms
followang atomic layer deposition (ALD) of heavy metal oxides by vapor
exposure (see Materials and Methods). In the wild-type biofilm, the vapor-
phase ALD precursors penetrate only a short distance. In tasi and particd arly
the eps-deficient caony, deep gas penetration was otzerved.
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Figure 1. Schematic of surface attachment, biofilm formation and biocide susceptibility. This illustrates bacterial attachment to sur-
faces, development and maturation of biofilms, and implications for microbial susceptibility. The grey shading around the mature biofilms
illustrates EPS. The biofilm development and maturation process is a complex step-wise process, simplified here as a single step.”~ Whilst
the reduced biocide susceptibility associated with surface attachment and biofilms will be determined by a number of factors, not least
the biocide, microbe and testing conditions, bacteria in mature biofilms are consistently less susceptible than biofilms attached to
surfaces, often by several orders of magnitude.'™ **




Antibiotic susceptibility

Bacteria in biofilms are usually less susceptible to antibiotics
than bacteria in planktonic culture, and many of the mecha-
nisms for reduced susceptibility to biocides and antibiotics are
shared.™® Furthermore, bacteria acquired from surfaces in
biofilm mode with reduced biocide susceptibility may retain

reduced susceptibility to antibiotics.

Transfer of plasmids and development of
antimicrobial resistance

Biofilms are suited for horizontal gene dissemination
because they are a mixed population at high bacterial density,
which facilitates metabolic activity in the harshest environ-
ments, albeit at a reduced rate. Horizontal transfer of plasmids
does occur through conjugation, as illustrated by the transfer
of extended-spectrum f-lactamase (CTX-M-15) and carbape-
nemase (NDM-1) plasmids between Enterobacteriaceae when

dried on surfaces.””’' Furthermore, the mutation rate (the
rate at which DNA replication mistakes occur during cell divi-
sion) of bacteria in biofilms is increased.®’ Thus, both hori-
zontal transfer of resistance determinants such as plasmids and
increased mutation rates could result in the acquisition or de-
novo development of reduced susceptibility to antimicrobial
agents and other important microbial capabilities, such as
increased virulence.

Persistence

Vegetative bacteria dried on to surfaces can survive for
weeks to months (or more) in vitro, despite the lack of a
nutrient source or water (aside from ambient humidity).®*
Biofilms may explain this surprising propensity of vegetative
bacteria.” ' This is supported by a recent study which found
that biofilm-forming strains of Acinetobacter baumannii sur-
vived for longer on dry surfaces than non-biofilm-forming
strains (36 vs 15 days; P < 0.001)." In-vitro studies evalu-
ating the persistence of dried inocula did not supply any water
or nutrients.® %% However, in the hospital environment,

daily and terminal cleaning or disinfection does provide a
supply of water, and some bacteria may be able to metabolize

some constituent parts of detergents and even disinfectants,
6h—6%

providing a nutrient source for the growth in biofilms.




Biocides and biocide adjuvants

Differences between biocides appear to influence their ac-
tivity against bacteria attached to surfaces and may also pro-
mote, prevent or dismantle biofilms. Thus, biocides with the
highest activity against bacteria attached to surfaces, and
ideally those with the ability to prevent biofilm formation and
dismantle existing biofilms, should be selected. Emerging data
indicate that oxidizing agents may possess more of these

properties than other agents.” Similarly, detergent formula-
tions that are better at physical removal should be selected,
although there is a paucity of data on the capacity of currently
available detergents to address surface-attached cells.™
Several novel approaches also warrant consideration as po-
tential additives to hospital detergents or disinfectants to
augment their effectiveness against biofilms. Firstly, certain
enzymes such as DMase and dispersinE have been shown to
dissolve the biofilm matrix.”” ™ For example, detergents sup-
plemented with high concentrations of enzymes were effective
against hydrated biofilms, whereas detergents supplemented
with low concentrations of enzymes were not.”” Secondly,
quorum-sensing inhibitors have proven successful inincreasing

antimicrobial susceptibility.”™ ™' In one study, drimendiol, a
quorum-sensing inhibitor, was found to enhance the effects of
copper sulphate on biofilms of Pseudomonas syringae.”’ Thirdly,
recently discovered human antimicrobial peptides also have
antibiofilm activities.** ®* For example, a range of antimicro-
bial peptides tested against multi-drug-resistant A. baumannii
demonstrated direct antimicrobial activity, and enhanced the
activity of a range of other antimicrobial agents.™

However, the addition of enzymes, gquorum-sensing in-
hibitors or antimicrobial peptides into a cleaning or disinfection
solution would result in chemical residues on surfaces with
associated health and safety implications, so are not recom-
mended without further study. Another approach is the inclu-
sion of bacteriophages, which have been found to disrupt
biofilms.*® For example, Streptococcus pyogenes biofilms

Surface modification to prevent biofilm formation

Some surface materials are more prone to biofilm formation
than others.”' ® A recent study reviewed attempts to modify
the chemical or physical surface properties of medical devices
to inhibit or prevent microbial adhesion.® These include
"liquid glass’ (silicon dioxide), Sharklet pattern,® ™ advanced
polymer coatings [e.g. polyethylene glycol (PEG), super-
hydrophobic/ philic and zwitterionic]”’ ™' and diamond-like
carbon films.” Whilst these technologies have the potential
to reduce biofilm deposition on hospital surfaces, they are at
an early stage of development. The feasibility and cost-
effectiveness of scaling up these technologies for use on hos-
pital surfaces needs to be evaluated.

Another approach is the implementation of antimicrobial
surfaces. Options include metals such as copper and silver, or
chemicals such as organosilanes with quaternary ammonium
groups and light-activated antimicrobials. '*”"® Copper is the
most-studied candidate for antimicrobial surfaces, and has
been shown to inactivate microbes and DNA deposited on sur-
faces and may reduce the transmission of pathogens in the
hospital setting.'*"""*" However, the presence of a condition-
ing film can greatly reduce the efficacy of antimicrobial
surfaces.”® " Thus, an antimicrobial surface that combines
reduced biofilm formation with direct antimicrobial activity is
a promising area for future research. Another challenge in
developing an antimicrobial surface for hospitals is the
requirement for multiple different surface types (from fabric
to hard surfaces) with a range of required functions. Thus,
there is unlikely to be a single agent or surface structure that is
suitable for all applications.
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Table |
Blockde susceptibiity of plankton i vs surface-attached snd/or bioflim made
Authot Or gantems Biocdes Methads findings
INisolstes)
Conded1 2012"" Sakmonelin Seven common food  Tested in plank tanic Semceptibilty rank: high-nutrient
enterica (189) contact surface clture, dried on surfaces biofilm < bw-nutrient
blocides and m established high- biofilm < surface dried < plankitonic
mutrient (2-day) or low-
mutrient (7-day) biofiinms on
microtitre plates
Betike 20127 Psewdomonas Chiorine dioxide Tested in single- and Sanceptibifity rank: attached
gerwinasa (1); binary-species plarktanic biofilm < detached
Surkholderia altire, attached (4-day) biofilm - planktonic cells, Binary
cepacia (1) and detached Biofien cultures were less susceptible than
single-species cdtres
Xing2012""  Stephybococas (hiothexidine and  Tested in plarktonic Biofilms were 1010 5100 times les
aureus (13) harra line adtire snd in 2-day susceptibie to chiorheddine and 2
bloflims an microt itre tines less susceptibie to harmaline.
plates Synergy noted for most straing
Leung 20127 Candide pp. (4); Sodium hypochlorite, Tested in plarktonk Sunceptibility rank:
Excherichia coli () ethanol, hydrogen adture (ow and high- biofilm < attached ceils < high-titre
peraxide and iodine titre), attached cells planktonic celis < low-titre
(90 min) and 1-daybiofitn  planktonic cells, MCs for biofitm vs
n microtitre plates; 24-h  planktonic cells up to >10-fold
and S5-min contact times  higher for S-min and 24-h exposures
compared
Behrke 2011™ P oerwgingsa (1)  Sodkum hypochlorite  Tested in single- and Smceptibility rak: sttached
B. arpacia (1) binary-species plarktonke  biofilm < detached
cltires, sttached (4day) biofilm « planktonic cells. Binary-
and detached biofiims PEC ks cultures were ien
wxeptbie than single-species
cultures for sttached and detached

biofilms, but the reverse wa true for
planktonic cells




Tested dried on glass Bacteria in biofitm survived

ganor rthaeoe (3) presure non- arfacesor 4-daybivfilmon sppradmately twice & long &
equilirium plasma  glass bacteris dried on srfaces
Wong 2010 S enterica(1) Six bocdes Tested in plark tonk Bacteris in biofitn were less
cutire or 3-day blofien on  susceptible than plarktonk cells for
microtitre plates all but sodium hypochionte
Tote 2107 S aureus(1); 12 blockdes Tested in plark tonk Mant disinfectants tested did not
P. aerwginosa (1) cdture or in 1-day climinate bacteria in the biofim
{P. aerwginasa) or 3-day after 60-min contact, Only hydrogen
(S oureus) biofilm on peroxide and chiorine had an impact
microtitre plates on the biofilm matrix
Lee 2000™ Meticliin-reststant Three denture- Tested in plank tonk Two of three blockies wers less
S aureus(2) cleaning blocides cdtire, sewsile biofilm of factive for the nactivation of

(4h), sstablished biofitm  bacteris in blofin. NsOCL was the
(24 h) of mature bofikn ment effective agairst bioflim

(120 h) on resin
Hendry S aureus (1) Cuc by ptus oll, Tested in plark tonk Biofilm MICs and MBCs were 1010
2009 meticllin-resistant "1 B-cCinecle' and cdtre or 2-day biofilm on > 100 times less susceptibie than

S aureus (1) chlohexidne microtitre plates planktonic adtur e, Synergy bet ween
P. oerwginasa (1), chiorhexidine and the other agents
E. cob (1); Candida was noted against some organiems
albicars (1)

Smith 2008°  Metkcillinresistant  Berzasoniun Tested in plak tonic MECs for MRSAbiofims were 100 to
S aureus (8); chioride, triclosan cdtireor 1-day biofitnson 1000 times greater than for
P. aerwinosa (8) and chlothex idine metalor plastic discs planktonic cells; MBCs for

P. aeruginasa biofiim were 10 to 100
tienesgreastes than for planktonicoss

(cont mued on next poge)
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Authar Or gan isms Biocides Meethads Findings
(M izolstes |

Brandle M08 Enterococous Calcium hydroxide  Tested in plank tanic Samomptibility rank: mined specie
foeals (1) culture, adherent cells, Biafitn = single-species biofilm <
Strept orocows single-species S-day biofilm  adherent « planktonic = detached
sabrinus 1k and mixed-species S-day Biafibm
C. albicans (1); biofikm an dentin and
Actinomyces. detached biofiln
naesiundii (1),

Candidh parapsilosis
(2 b Condida
globrata (1)

Staphy oo
epidermidis (2)

P. aeruginasa (1§

Salmanella
typhimuriim (3 )

E.coli(ik
Enterococcws hime
(14 P. aemrginosa
(1) 5. s (1)
Five fungi from
patient (3 and
anvironment 3y

Popudarmann s
flourescens (1)

Mycobocberium
[or bitum (1);
Mycobacberium
i (1)
Alcaligenes
deni trificans (1)
Pepuromaonas
akalgenres (1)
Stemotrophamonns
marltaghilia (1)
Flovabac terivm
indelogenes (15

Fusarim oxysporum

(1) Fusabacberium
soland (1)
Rhodotorula
glekinis (1)

Ethanal, hydrogen
peraxide and sadium

dodecyl muiphate

Chisrhexidine
ghcanate, tea tree
oil, sucalyptus ail

and thymol
Silbver

Triclosan

el disinfec tant
(Dcsil T2OH)

Fiee antizeptics,
thres disinfectants
and UWC

Ortha-
phithala kdshyde

Seven biocides

One biocide
(isothizzalone
campound

Tested in plank tonic
culture, planktonic culture
with adjustment to matdh
the cell density of the
biofilm and 1-day bisfilmaon
miicrot itre plates

Tested in plank tonic
culture ar J-day biofilm an
microt itre plates

Tested in plank tonic
culture or 4-day biofilm
Tested in planktonic (log
and stationary phasey
culture and in 1-day bofitm
an micnotitre plates

Tested in plank tonic
culture and 1-day biofitm
an stainkess steel

Tested in single- and
i xed-species planktonic
culture, and single- and
v xed-gpecies 1 -day
biofilms on miic rotitre:
plates

Tested in plank tonic
culture and é-day biofilm
an glas

Tested in plank tonic
culture and biofilm an
mricrat itre plate assesad
over 14 days

Tested in single-specie
planktonic culture, and
single- and mixed-spacies
1 -day biofilns on glas

Conoentrations required to inhibit
growth in biofilm were 2- to 10-fold
higher; kwer concentrations of
hydrogen peraxide prevented
biofitn formation than the other
gents tested

MICsS MBI wene eley sted up o 16
fald for biofim; synergy was noted
batwsan chlothexidine and

eucal ail

Biofilm was 10—100 times less
suzcept ible than planktanic cellk
Samceptibility rank:

biofitn < stationary phase
planktonic < log phase planktonic.
B-log differsnos in bactenda surviving
in biofim v planktonic log phase
s inf ectant concentrat jon requined
to achieve a 5-log reduction wes
apprasimately 10 times more far
biofilm v planktonic oulture

LV and XX hypdnogen peraxide werne
not fungicidal in initial suspension
tests, Agants wens lems o ffactive
azainst mixed ;spensions. Only
chior hexidine was effec tive against
biofiltms

Biofilm was less susceptible than
planktonic celk based on respiratory
activity

MBECs were up to40-fold highes
than MBCs for M. forful v, bat not
for M. marinum

Biofilms were less susceptible than
planktonic cells. Mixed-pecies

biofitm, partioularly for the bacterial
specie, offered greater protection
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Author Or ganisms Methads Findings
(M izolates
Peng 2002 Badllrs cerews (1) Sodiun hypochlorite  Tested in planktonic Samceptibility rank : milk biofitm
and quatemary culture, attached ta o biofilm « sttached < planktanic.
ArmaTsan fum stainless steed chips (dhh 5-log difference bet ween plank tanic
campaunds and E-day biofiln an ocells and milk biofilm
stainless sheed with or
without milk
BardouniotE  Mycobacberdum Seven biocides Tested in plank tanic MBECs were higher than MBCs af ber
b iy phled (1) oulture and S-day biofilm  30-min and 120-min exposure to
an microt tre plate ment agents besbed
Joseph W01 Salmonelln spp. (21 Chiodne and jodine  Tested in plank tonic Biofilms were less sumceptible ta
oultureand 10-day biofitms  both disinfectants; survival time no
an plastic, cement and mere than 10 min in suspension
stainless steel ws o 5 min in biofitn
Cadhran P. geruginasa (1) Monochloramine and  Tested in plank tanic Biofilms were less susosptible to
2000° hydirogen per mdde culture and 3-h to 3-day bath disinfectants. Reduced
biofilms an alginate beads  diffusion of biockde in biofilm did nat
and gless slides explain reduced susceptibil ity
Elari 19997 P, aeruginosa (1) UWA, LWVE and LWC Strain tested in planktonic  Biofilm tramemitted only a small
culture o biafilkn in amaunt of UV radiation (136 of UNVC,
slginate basds msemed 3% of LVB and 33% of LIVAJ,
aver 1 day mmema i g Biofilm was s susceptible
than planktanic celks
[ 1995 ™ 5. epidermidis (1); Fiive biocides Tested in planktonic Biofilms were up to 33-fold les
E. cali (1) oul tur & and §—24-h bofikns  susoeptible to the diinf ectants
on micro't tre plates tested , apart from dhiloraxylenol and
cetrimide (E. coli onlyh
Stewart Enterabacter Faour bocides Tested in plank tanic Samceptibility rank : high-demity
153 aerogenes (1) culture and high- and low-  biofilm < bow-density
demnsity biofitms on alginate  biofilm < planktonic
beads mmesed aver S h
fu 19 FE Hlebsiella Sodium hypochlorite  Tested in plank tonic Ho difference identified betweesn
preumaniae (1) and monochloramine  culture and biafilm an planktonic and biofitm cells
stainless steed discs
Eginton 198" 5. epidermidis (1) Sodiun hypochlorite Tested in planktonic Biofilms were up to = 1000-fold lex
P. geruginosa (1) and dodigen; 305 and cultwre and 16-h biofitms  susceptible than planktanic csllks;
Tween-B0 on glas and stainless steel  sttachment to the surfaces was
loasened
LeChevallier  Psewdomongs Hypodhlonous acid, Tested in plank tanic Biofilms were 150 to 3000 times less
1585 ™ pideetH, hypachlorite, oultur e and 3-week biofilms  susceptible to hypodhlorous acid,
Parudomongs chiorne dioxide and  on granular activated and 2- to 100 fold less susceptible to
parucimobi s manachlor amine carban, metal or gless rrecan v by nes
Moraeela®:
K. prewmaoniae (1)

MBC, minimum bacterddal conce ntration ; MIC, mimimum inkibi tory conoentration; MBEC, mimimal biofilm eradicating concentration; U,

ultrawiol ot.

foanch strategy: Pubmed seanch for *suscentiility planiktonic biofilm biocide ' performed on 157 Hovember 2013, OF 44 results, 15 were
soleched for review and 11 were indiuded. Afurther 10 articleswene indiu ded fol lowing reviewaf the mferenae lists. Articies wene inciude d if
they tested angamisms and blocikdes relevant to disimfection in heastthcane fadlities, and included data comparing planktomc with surface-
attached and for biofitm mode susoept dl fy.

* Population from die-tom 2o d water syshem: composition 0L P. picke bt; 152 Morovella spp . 178 P. paudmobil is.
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A biofilm can be defined as a community of microorganisms adhering to a surface and surrounded by a complex
matrix of extrapolymeric substances. It is now generally accepted that the biofilm growth mode induces microbial
resistance to disinfection that can lead to substantial economic and health concerns. Although the precise ongin of
such resistance remains unclear, different studies have shown that it is a multifactonal process involving the spatial
organization of the biofilm. This review will discuss the mechanisms identified as playing a role in biofilm resistance
to disinfectants, as well as novel anti-biofilm strategies that have recently been explored.

Keywords: biofilm; biocide; resistance; tolerance; adaptation; spatial architecture; control



Phenotypic adaptations of biofilm cells to sublethal
concentrations of disinfectants

During a disinfection process, the reaction-diffusion
limited penetration of biocides into a biofilm may
result in only low levels of exposure to the antimicro-
bial agent in deeper regions of the biofilm. Biofilm cells

Gene transfers and mutations

Lateral gene transfer participates in microbial adapta-
tion to the environment through the exchange of

Phenotypic adaptations of cells in a biofilm

+ Lo + environment

genetic sequences including plasmids, transposons or

integrons that confer specific phenotypic traits on cells From the attachment of cells to the development of a
such as their metabolic capabilities, virulence expres- three-dimensional structure. the gmwth of a biofilm is
sion and antimicrobial resistance (Top and Springael . . . o .

2003: Kelly et al. 2009: Hannan et al. 2010). For associated with physiological adaptations of cells that
example, QAC resistance genes carried by transferable may lead to an increase in resistance to biocides. These

enetic elements have been widely identified (Bjorland : : :

gt al. 2001; Gillings et al. 2009 }]:ZIhanaﬁ et E,il.J 2010). phEI}thplc adal?tatmns result from FhE e;xpressmp of
Different studies have generated evidence suggesting SpEC]ﬁC genes In response (o their direct micro-
that biofilms may constitute an optimum environment environmental conditions. Comparisons of gene ex-
for the exchange of genetic material (Hausner and pression profiles, and proteomic analyses of planktonic

Wuertz 1999; Maeda et al. 2006; Ando et al. 2009;
Nguyen et al. 2010), leading to the dissemination of
biocide resistance cassettes within the population.

and biofilm states in different species, support this idea




Combining strategies to optimize biofilm control

One strategy to prevent the induction of bacterial
adaptation to disinfectant within biofilm structures
could be to substantially increase the concentration of

the antimicrobial agent. However, this approach might

not guarantee biofilm eradication and it would be
costly and not environmentally-friendly. Moreover,
microbial communities can be comprised of several
microorganisms with distinct mechanisms of resis-
tance. Thus, the eradication of biofilms could be
achieved through the combined use of treatments with
different spectra and modes of action. In this respect,
synergistic actions have been reported in numerous
papers between two or more processes, when the effect
observed 1s stronger than might have been predicted
by adding the effects exerted by each process
separately (Nazer et al. 2005). One method to assess
a synergstic effect in bactericidal activity is to calculate
the Fractional Bactenadal Concentration (FBC)
(Harrison et al. 2008). Numerous processes have thus
been evaluated, associating chemical, natural or
physical treatments. For example, combinations of
sodium hypochlorite and hydrogen peroxide, Cu®*t
ions and guaternary ammonium compounds, eucalyp-
tus oil and chlorhexidine, silver and surfactant, or
bacteriophage and alkaline cleaner can all act syner-
@stically to eradicate established biofilms (Sharma
et al. 2005; DeQueiroz and Day 2007; Harnson et al.
2008; Hendry et al. 2009; Rivardo et al. 2010). Physical
treatments can also be emploved in association with
chemical disinfectants; low-intensity ultrasonic or
sonic agitation enhances the action of chlorhexidine
against biofilm bactena (Shen et al. 2010) and a
combination of ultraviolet light with chlorine dioxine
was shown to be more effective in eradicating drinking
water biofilms than the two treatments applied
separately (Rand et al. 2007).
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Table 2

3 Contents lists available at ScienceDirect
Steps in endoscope reprocessing

1. PRE-CLEAN — Flush channels with detergent solution and wipe exterior

endoscope surfaces at the bedside immediately following the procedure,
2, CLEAN — Bush endoscope channels with water and detergent solution.
3. HIGH-LEVEL DISINFECT[STERILIZE — Immerse endoscope and perfuse

American Journal of Infection Control

6 LY,

FI SEVIFR journal homepage: www.ajicjournal.arg

high-level disinfectant or sterilant through all channels for recommended
exposure time and temperature.
4. RINSE — Rinse scope and channels with sterile water or filtered water . )
followed by alcohol flush to assist in drying the channels. O“glml research article
5. DRY — Use forced air to dry insertion tube and channels. \ \ \ \ \
. STORE — Add to inventory in a way that prevents recontamination. The role of biofilms in reprocessing medical devices ¢

Charles G. Roberts MS*

Advanced Sterilization Products, Johnson & fohnson, [rving, CA

Biofilms are communities of microorganisms within extracellular polymeric material attached to
surfaces. Within a biofilm, cells have some protection from drying and other stress factors in their
environment, including antimicrobial agents. In this article, the challenges to medical device reproc-
essing posed by biofilms are addressed. Biofilm formation on reusable medical device surfaces is a risk
that can be controlled. By ensuring prompt device cleaning and reprocessing either by high-level
disinfection or sterilization and proper drying, biofilms will not have a chance to form. Reusable
medical devices like flexible endoscopes that are promptly cleaned and disinfected, rinsed and dried
pose little risk to patients.

Copyright @ 2013 by the Association for Professionals in Infection Control and Epidemiology, Inc.

Published by Elsevier Inc. All rights reserved.

ptimal conditions. Given that some gram-negative bacteria can Development of biofilm in endoscopes is thought to be associ-

ndergo cell division every 20—30 minutes, it is likely that several " ated with residual organic material and moisture remaining in
ours are required before mature biofilms would develop. What = channels as a result of inadequate endoscope reprocessing.”*%>

is most important here is to begin the reprocessing procedure A study from Australia®® revealed evidence of biofilms in the
before bacteria can grow and begin to form a biofilm.® Reprocessing ~ endoscopes studied, and a prospective study?® with gastroscopes
steps for flexible endoscopes (Table 2) were developed by con- (n = 1376) and colonoscopes (n = 987) found both to be equally
sensus by a number of professional organizations and are com- contaminated (1.8% and 1.9%, respectively) with low numbers of
monly used.?0%3 organisms commonly isolated from the nasopharynx and/or feces.




Automatic endoscope reprocessing machines automate the
various steps in endoscope reprocessing. These machines are

American Journal of Infection Control 41 (2013) S77-580

commonly used in gastrointestinal aboratory settings because they
provide consistent reprocessing for flexible endoscopes and free
staff members for other work. Unfortunately, as a result of machine
design flaws, there are repc:—rtsn'n of microbial contamination
(ie, biofilm formation) inside fluid channels of automatic endo-
scope reprocessors. Commonly associated microorganisms include
Mycobacterium sp. and Pseudomonas sp.33'34 These microorganisms,
especially when growing within biofilms, sometimes exhibit
resistance to disinfectants. Endoscopes disinfected in contaminated
automatic endoscope reprocessing machines can become recon-
taminated during the rinsing steps with bacteria sloughed off
from biofilms growing within the machine piping. Outbreaks and
pseudo-outbreaks associated with these organisms have been
repc:—rted.35

ineau et al™ published a study describing the benefits of
endoscope storage after reprocessing in specially designed drying
cabinets, In these cabinets endoscopes channels are connected and
filtered air flows through the channels ensuring adequate drying.
Results of the study showed these cabinets can limit the risk of
bacterial proliferation in internal channels of endoscopes during
storage.

A recent study by Korvalera et al?” confirmed the importance of
drying endoscope channels after reprocessing. Using a model bio-
film system in polystyrene microtitre plates they found that per-
acetic acid-based disinfectant was effective against the bacteria and
yeasts studied, but if the drying step after disinfection was skipped
regrowth could occur.

FLNEVIER

Charles G. Roberts MS*

Advanced Sterilization Products, Johnson & Johnson, [rving, CA
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Original research article

The role of biofilms in reprocessing medical devices

1

SHOULD WE BE CONCERNED ABOUT BIOFILMS ON REUSABLE
DEVICES?

Biofilm formation on medical device surfaces is a risk that can
be controlled. By ensuring prompt device cleaning and reprocess-
ing, either by high-level disinfection or sterilization and proper
drying, biofilms will not have a chance to form. The time between
device use and cleaning and reprocessing is key.?® The time
required for development of a mature biofilm will vary depending
on many factors, but commencing cleaning and the remaining
reprocessing steps within an hour after a procedure would likely
prevent formation of a mature biofilm even under conditions that
favor rapid development. Additionally, for high-level disinfection
or sterilization processes that employ a final water rinse, complete
drying is required to prevent regrowth of microorganisms on
surfaces’®® If established reprocessing protocols based on
scientific principles are followed, the reprocessed devices will be

safe to use.
B e




Biocide resistance of Candida and Escherichia coli
biofilms is associated with higher antioxidative

capacities
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Background: Most clinical guidelines for the use of biocides have been developed
planktonic micro-organisms, but in nature, most micro-organisms live as surface-adheren
pmmunities or biofilms.
Aim: ale - a coli and
Candida spp. in three di . C, o
Methods: Ultrastructural, architectural and ceLI.uI.ar viability changes fﬂLLm-.rmg a 5 min
exposure to biocide were monitored by scanning electron microscopy and confocal laser
scanning microscopy using fluorescent dyes. Comparative transcript expression of the
antioxidants SOD1 and CAT1 in the planktonic and biofilm phases was evaluated using
guantitative real-time polymerase chain reaction.

Findings: E. coli and Candida spp. in the planktonic phase were susceptible to all the
tested biocides at the recommended concentrations. However, early adhesion and late
biofilm phases of both were less susceptible to the biocides, and exceeded the recom-
mended concentrations on several occasions. A short period of biocide exposure failed to
fully eradicate the adherent microbial cells, and they recovered from the biocide chal-
lenge, forming biofilm on the biocide-treated surfaces. The biofilm phase showed higher
expression of 5007 and CAT1.

Conclusion: The recommended concentrations of biocides for clinical disinfection in the
hospital setting may not fully eradicate the adhesion or biofilm phases of E. coli and
Candida spp. Higher antioxidative capacities in microbial biofilms may be responsible for

the resistance of biofilms against clinical biocides.
i© 2011 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Figure 1. Susceptibility of Candida spp. and Escherichia coli to disinfectants under 24-h treatment. Minimum inhibitory concentrations
(MICs) against micro-organisms in varfous growth phases are shown for: (&) sodium hypochlorite, (B) ethanol, (C) hydrogen peroxide and
(D) iodine . “Statistical significance at P < 0.05 for each spedes invarious growth phases by analysis of variance. Ca, Candida albicans; Cg,
Candida glabrata; Ck, Candida krusei; Ct, Candida tropicalis; Ec c, Escherichia coli climi@l stmain; Ecr, E. coli reference strain. Blue bars,
planktonic cultures I“:I"-F celkE/mL); red bars, high-density planktonic qultures HU—" cells/mlL); green bars, adhesion phase HUE' cells/milL);
purple bars, 24-h biofilm {107 cells/miL).

CIAL: DADAS LA
ESULTADOS Y JU

ICAS



Journal of Hospital Infection 93 (2016) 263—270

Available online at www.sciencedirect.com

Journal of Hospital Infection

EFI SEVIER journal homepage: www.elsevierhealth.com/journals/jhin

Staphylococcus aureus
Killed by sodium hypochlorite: implications for
infection control

A. Almatroudi®®, I.B. Gosbell“%®, H. Hu?, S.0. Jensen ©¢, B.A. Espedido “ ¢,
S. Tahir?, T.0. Glasbey', P. Legge?, G. Whiteley', A. Deva?, K. Vickery®*

@ Surgical Infection Research Group, Faculty of Medicine and Health Sciences, Macquarie University, New South Wales, Australia
hDepartment of Medical Laboratories, College of Applied Medical Sciences, Qassim University, Qassim, Saudi Arabia

“ Antibiotic Resistance and Mobile Elements Group, Ingham Institute for Applied Medical Research, Liverpool, New South Wales,
Australia

9 Molecular Medicine Research Group, School of Medicine, Western Sydney University, New South Wales, Australia

“ Department of Microbiology & Infectious Diseases, Sydney South West Pathology Service — Liverpool, New South Wales Health
Pathology, New South Wales, Australia

Whiteley Corporation, North Sydney, New South Wales, Australia




SUMMARY

Background: Dry hospital environments are contaminated with pathogenic bacteria in
biofilms, which suggests that current cleaning practices and disinfectants are failing.
Aim: To test the efficacy of sodium hypochlorite solution against Staphylococcus aureus
dry-surface biofilms.

Methods: The Centers for Disease Control and Prevention Biofilm Reactor was adapted to
create a dry-surface biofilm, containing 1.36 = 107 S. aureus/coupon, by alternating cy-
cles of growth and dehydration over 12 days. Biofilm was detected qualitatively using live/
dead stain confocal laser scanning microscopy (CL5M), and quantitatively with sonicated
viable plate counts and crystal violet assay. Sodium hypochlorite (1000—20,000 parts per
million) was applied to the dry-surface biofilm for 10 min, coupons were rinsed three
times, and residual biofilm viability was determined by CL5M, plate counts and prolonged
culture up to 16 days. Isolates before and after exposure underwent minimum inhibitory
concentration (MIC) and minimum eradication concentration (MEC) testing, and one pair
underwent whole-genome sequencing.

Findings: Hypochlorite exposure reduced plate counts by a factor of 7 log,g, and reduced
biofilm biomass by a factor of 100; however, staining of residual biofilm showed that live
5. aureus cells remained. On prolonged incubation, 5. aureus regrew and formed biofilms.
Post-exposure 5. aureus isolates had MICs and MECs that were not significantly different
from the parent strains. Whole-genome sequencing of one pre- and post-exposure pair
found that they were virtually identical.

ARCIAL: DADO EL SIG TERPRETAR




Chlorine efficacy testing against dry-surface biofilms

Biofilm-covered coupons were washed three times in phos-
phate buffered saline to remove loosely attached bacteria
before being placed in individual sterile Bijou containers con-
taining 4mL of diluted hypochlorite solution, at free chlorine
concentrations of 1000, 5000, 10,000 and 20,000 parts per
million (ppm) (disinfectant test tube) or 4mL of TSB (control
tubes), and allowed to react for 10min. The free chlorine
concentration was measured by iodometric titration. Next, the
coupons were washed immediately three times in sterile water
before being placed in 4 mL of 100% TSB to inactivate residual
chlorine. The hypochlorite solutions were buffered to a pH
between 6.5 and 7.0 to reduce any potential variance in solu-
tion pH across the concentration range 10—20,000 ppm that
would affect the biocidal efficacy of the hypochlorite solution.

Log reduction in bacterial titre was determined by sub-
jecting treated coupons to 5 min of sonication in an ultrasonic
bath (Soniclean, JMR, Sydney Australia) with a sweeping fre-
quency of 42—47 kHz and 2 min of vigorous shaking, followed by
dilution and standard plate culture at 37°C (control N=5, test
coupons/chlorine concentration N=3).

The ability of biofilm cells to repair chlorine damage was
assessed by prolonged culture in 4 mL TSB at 37°C (N=2) and at
room temperature (22—25°C) (N=2). Biofilm recovery (media
turbidity) was observed daily, without opening the bottles to
avoid contamination, for up to 16 days. If growth was detected,
the contents were subcultured on horse blood agar plates, and
the identity of isolated organisms was confirmed to be
S. aureus by colonial morphology, DNase reaction (Dnase Test
Agar, BD PA-255506) and a positive reaction with Prolex Staph




Recovery time (days)
H

S ==

0 1 1 1
1000 ppm 5000 ppm 10,000 ppm 20,000 ppm

Hypochlorite concentration (ppm)

Figure 1. Days required for recovery of biofilm bacteria, release of planktonic bacteria, and development of turbidity in broth following
treatment with sodium hypochlorite solution when incubated at 25°C (blue bars) and 37°C (orange bars). Four coupons/treatment. Error
bars represent standard deviation. ppm, parts per million.

Figure 2. Viability stain of (a) control coupon showing large numbers of live bacteria and (b) hypochlorite-treated (20,000 parts per
million) biofilm showing significantly reduced numbers of live (green) and dead (red) bacteria. Bar 20 um.
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Figure 3. Height of residual biofilm (um, blue bars) and percentage reduction in the total biomass (black line) of hypochlorite-treated
coupons compared with control coupons. Mean of three coupons for control, mean of duplicate samples for hypochlorite-treated groups.
Error bars represent standard deviation. ppm, parts per million.
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Figure 4. Effect of 20,000 parts per million hypochlorite treatment on dry-surface biofilm. Arrow shows a large section of vertically
alignhed dead cells suggestive of large sections of biofilm peeling from the coupon.
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Table |

Concentration of chlorine (parts per million) required to inhibit growth or Kill Staphylococcus aureus for planktonic and hydrated biofilm

Sample Planktonic culture Hydrated biofilm
MIC MEC MBIC MBEC
10 min 24h 10 min 24h 10 min 24h 10 min 24h
Pre-chlorine-exposed strain 1000 500 5000 500 10,000 2000 10,000 2000
Post-chlorine-exposed strain 1000 500 5000 500 10,000 2000 10,000 2000

MIC, minimum inhibitory concentration; MEC, minimum effective concentration; MBIC, minimum biofilm inhibitory concentration; MBEC,
minimum biofilm eradication concentration.

What this study adds to the available evidence

Vickery et al. and Hu et al. did not explain how dry-surface
biofilms might develop.*~ It was conceptualized that, over a
prolonged period of time, the growth of dry-surface biofilms in
a clinical environment that is periodically wetted and supplied
with nutrients by hospital cleaning with detergent solutions
might be analogous to what happens in the intertidal zone in
marine environment, where the twice-daily tidal variation
subjects this zone to regular wetting and drying, and this re-
sults in biofilm formation.® The modified CDC Biofilm Reactor
model replicated the episodic wetting and drying, and was able
to reproducibly produce dry-surface biofilms that had similar
physical characteristics to biofilm formed naturally on dry
clinical surfaces.”

The use of chlorine solutions at 1000 ppm would normally be
expected to demonstrate acceptable biocidal performance,
and this strength of solution is in conformity with the Australian
infection control guidelines.”” However, despite the failure to
kill all bacteria in the model biofilm, hypochlorite treatment
caused a reduction in the number of bacteria that could be
cultured immediately by 7 log. Following treatment with
1000 ppm hypochlorite, it took a minimum of five days for the
biofilm to be reconstituted and release planktonic organisms.
This suggests that hypochlorite disinfection of biofilm would
reduce the risk of transmission of infection, even without
complete bacterial eradication.
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Mycobacterium Biofilms

Jaime Esteban” and Marta Garcia-Coca
Department of Cinkcal Microbisiogy, insiifuio oe ivestigacion Saniarna-Funascin Jméenas Disz, Madrid, Spah

The genus Mycobactenum includes human pathogens (Mycobactenum fubercuwlosis
and Mycobactenum fepras) and emvironmental organisms known as non-tuberculous
mycobactena (MTM) that, when associated with biomatenals and chronic disease, can
cause human infections. A commeon pathogenic factor of mycobactena is the formation
of biofilms. Vanous molecules are involved in this process, including glycopeptidolipids,
shorter-chain mycolic acids, and GroEL1 chaperone. Mutnents, ions, and carbon
sources influence bactenal behawior and have a regulatory role in biofilm formaton.
The ulirastructure of mycobactenal bicflms can be studied by confocal laser scanning
microscopy, a technigue that reveals different phenotypic charactenstics. Cording 1=
associated with NTM pathogenicity, and s also considered an mportant property of
M. tuberculosis strains. Mycobactenal bioflms are more resistant to emaronmental
aggressions and disinfectants than the planktonic form. Biofim-forming mycobactena
have been reported in many emironmental studies, especially in water systerns. NTM
cause respiratory disease in patients with underlying diseases, such as old tuberculosis
scars, bronchiectasis, and cystic fibrosis. Pathogens can be either slowly growing

mycobactena, such as Mycobacfenum awvium complex, or rapidly growing species,
such as Mycobactenum abscessus. Another mportant biofilm-related group of infections
are those associated with biomatenals, and in this setting the most frequently =solated
orgamsmes are rapidhly growing mycobactena. M. fuberculosis can develop a bioflm which
plays a role in the process of casssous necrosis and cawty formation in lung tissue.
M. tuberculosiz also develops biofilms on clinical blomatenals. Biofilm development is an
important factor for antimicrobial resistance, as it affords protection against antibiotics
that are normally active against the same bactena in the planktonic state. This antibiotic
resistance of bichlm-forming microorganisms may result in treatment failure, and bioflms
have to be physically eradicated to resolve the infection. New strategies with potential
antibiofilm molecules that improve treatment efficacy have been developed. A novel
antibiofilm approach focuses on Methylobactenum sp. An understanding of biofilm 1=
eszential for the appropnate management of patients with many NTM dissases, while
the recent discovery of M. tuberculosis bioflms opens a new research fisld.

Keywords: Mycobacterium, bloflims, antimicroblal resistance, i wWiro study, review, rapidly growing
mycobacteria, Mycobacterum fubercuiosis, Mycobacterium awum complex




The role of the surface environment in healthcare-
associated infections

David J. Weber*®, Deverick Anderson®, and William A. Rutala®®

Purpose of review
This article reviews the evidence demonsirating the importance of contamination of hospital surfaces in the
transmission of healthcare-associated pathogens and interventions scientifically demonstrated to reduce the
levels of microbial contamination and decrease hedlthcare-associated infections.

Recent findings

The contaminated surface environment in hospitals plays an important role in the transmission of methicillin-
resistant Staphylococcus aureus [MRSA), vancomycinresistant Enferococcus spp. [VRE), Clostridium difficile,
Acinetobacter spp., and norovirus. Improved surface cleaning and disinfection can reduce transmission of
these pathogens. ‘No-touch’ methods of room disinfection [i.e., devices which produce uliraviclet light or
hydrogen peroxide) and ‘self-disinfecting’ sufaces [e.g., copper) also show promise to decrease

contamination and reduce healthcare-associated infections.

Summary

Hospital surfaces are frequently contaminated with important healthcare-associated pathogens. Contact
with the contaminated environment by healthcare personnel is equdlly as likely as direct contact with a
patient to lead to contamination of the healthcare provider's hands or gloves that may result in patientto-
patient transmission of nosocomial pathogens. Admission to a room previously occupied by a patient with
MRSA, VRE, Acinetobacter, or C. difficile increases the risk for the subsequent patient admitted to the room
to acquire the pnfhlgen. Improved cleaning and disinfection of room surfaces decreases the risk of

healthcare-associated infections.

Keywords
copper, environment, healthcare-associated infections, hespital surfaces, hydrogen peroxide systems,

surface disinfection, uliraviolet light



INTRODUCTION

Healthcare-associated infections (HAI) remain a
major cause of patient morbidity and mortality in
the United States with approximately one out of
every 20 hospitalized patients developing an HAIL
Klevens et al. |1] estimated that in 2002 there
were approximately 1.7 million healthcare-associ-
ated infections, which resulted in approximately
99 000 deaths. It has been estimated that the source
of pathogens causing an HAI in the ICU was the
patients’ endogenous flora, 40-60%; cross-infection
via the hands of personnel, 20-40%; antibiotic-
driven changes in flora, 20-25%,; and other (includ-
ing contamination of the environment), 20% [2].
Ower the past decade, substantial scientific evidence
has accumulated that contamination of environ-
mental surfaces in hospital rooms plays an important
role in the transmission of several key healthcare-
associated pathogens, including methicillin-resistant
Staphylococcus aureus (MBSA), vancomycin-resistant

Enterococcus spp. (VRE), Clostridium difficile, Acineto-
bacter spp., and norovirus [3-5,6"77]. Evidence
supporting the role of the contaminated surface
environment in the transmission of several key
healthcare-associated pathogens is summarized as
follows:

(1) The surface environment in rooms of colonized
or infected patients is frequently contaminated
with the pathogen.
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KEY POINTS

» Hospital surfaces are frequently contaminated with
important nosocomial pathogens including MRSA, VRE,
Clostridium difficile, Acinefobacter spp., and norovirus.

s The contaminated hospital environment has been
demonsirated to be important in the person-to-person
transmission of these pathogens.

s Improved surface cleaning and disinfection can reduce
the incidence of healthcare-associated infections.

» 'Notouch’ methods of room disinfection [i.e., devices
which produce uliraviclet light or hydrogen peroxide)
and ‘self-disinfecting’ surfaces (e.g., copper) show

romise to decrease contamination and reduce

Itheare-associated infections.




(2)

(3)

(4)

(3)

(6)

(7)
(8)

The pathogen is capable of surviving on hospital
room surfaces and medical equipment for a
prolonged period of time.

Contact with hospital room surfaces or medical
equipment by healthcare personnel frequently
leads to contamination of hands and/or gloves.
The frequency with which room surfaces are
contaminated correlates with the frequency of
hand and/or glove contamination of healthcare
personnel.

Clonal outbreaks of pathogens contaminating
the roomsurfaces of colonized orinfected patient
are demonstrated to be due to person-to-person
transmission or shared medical equipment.
The patient admitted to a room previously
occupied by a patient colonized or infected
with a pathogen (e.g., MRSA, VRE, C. difficile,
Acinetobacter) has an increased likelihood of
developing colonization or infection with that
pathogen.

Improved terminal cleaning of rooms leads to a
decreased rate of infections.

Improved terminal disinfection (e.g., vaporized
hydrogen peroxide) leads to a decreased rate
of infection in patients subsequently admitted
to the room where the prior occupant was
colonized or infected.

ROLE OF THE CONTAMINATED
ENVIRONMENT IN TRANSIENT HAND/
GLOVE CONTAMINATION OF
HEALTHCARE PERSONNEL

Healthcare personnel have frequent contact
with environmental surfaces in patient’s rooms,
providing ample opportunity for contamination
of gloves and/or hands [14]. Importantly, hand
contamination with MRSA has been demonstrated
to occur with equal frequency whether healthcare
personnel (HCP) have direct contact with a colon-
ized/infected patient or through touching only
contaminated surfaces [15]. The most important
risk factor for hand/glove contamination of
HCP with multidrug-resistant pathogens has been
demonstrated to be positive environmental cultures
[16™"]. Importantly, the frequency that hand cultures
of HCP grow C. difficile is correlated with the intensity
of environmental contamination of C. difficile.
Samore et al. [17] reported that hand contamination
was (% when environmental contamination was
0-25%, was 8% when environmental contamination
was 26-50%, and was 26% when environmental
contamination was greater than 50%.




SURFACE CONTAMINATION FOLLOWING
DISINFECTION

Multiple studies have demonstrated that surfaces in
hospital rooms are poorly cleaned during terminal
cleaning. Although methods of assessing the
adequacy of cleaning varied (i.e., visibly clean,
ATPase, fluorescent dye, aerobic plate counts),
several studies have demonstrated that less than
50% of room surfaces are clean [18-20]. Similar
deficiencies have been reported for cleaning and
disinfection of portable medical equipment between
patients |21]. Given the deficiencies demonstrated
in terminal cleaning, it is not surprising that
many hospital surfaces remain contaminated with
important nosocomial pathogens.

The most commonly used surface disinfectants

ammonium compounds. However, such com-
pounds are not active against spore forming patho-
gens such as C. difficile and norovirus. For this

‘Self-disinfecting’ surfaces

Self-disinfecting surfaces can be created
i i i with heavwv m

‘No-touch’ methods of surface disinfection
Although intervention to enhance terminal room

in hospitals have been phenols and quaternary

CONCLUSION

Several key nosocomial pathogens (i.e., MRSA, VRE,
Acinetobacter spp., norovirus, and C. difficile) have
been demonstrated to persist in the environment
for hours to days (and in some cases months), to
frequently contaminate the surface environment
and medical equipment in the rooms of colonized
or infected patients, to transiently colonize the hands
of HCP, to be associated with person-to-person trans-
mission via the hands of HCP, and to cause outbreaks
in which environmental transmission was deemed to
play a role. Furthermore, hospitalization in a room
in which the previous patient had been colonized
or infected with MRSA, VRE, C. difficile, multidrug-
resistant Acinetobacter spp., or multidrug-resistant
Pseudomonas has been shown to be a risk factor for
colonization or infection with the same pathogen for
the next patient admitted to the room.

The implementation of enhanced education,
checklists, and methods to measure the effective-
ness of room cleaning (e.g., use of fluorescent dye)
with immediate feedback to environmental service
personnel has been found to improve cleaning
and lead to a reduction in healthcare-associated
infections. ‘No-touch’ methods (e.g.,, UV-C light,
hydrogen peroxide vapor) have been developed
to improve terminal room disinfection and show
promise to reduce healthcare-associated infections.
In addition, ‘self-disinfecting’ surfaces, especially
copper coated surfaces, show promise for reducing
the bioburden on hospital surfaces and decreasing
healthcare-associated infections.
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Table 3. Biocide and antibiotic cross-resistance.

A

and Campylobacter coli
Citrobacter freundii

Triclosan

Erythromydn

5. No. Organism Biocide resistance Altered resistance Mechanism
to antibiotics
1 P. aeruginosa Triclosan Ciprofloxacin Mutation in nfxG gene [74]
2 E. coff BC, didecyl dimethyl Ceftazidime, cefotaxime, Enhanced efflux system [&1]
ammoniurm chiloride, chloramphenicol, florfenicol
dicctyl dimethyl
ammonium chloride
3 Salmonela Triclosan Chloramphenicol, enythrormycin, Active efflux pumps [24]
imipenem, tetracycline
4 Mycobacterium Triclosan koniazid inhd mutations [157]
5 5. aureus Triclosan Ciprofloxacin Alteration in cell membrane
structure and function [158]
[ Campyobacter jejumni Triclosan, BC Erythromydn and Ciprofloxacin Efflux pumps [40]

Outer membrane
adaptation [159]




Role of hospital surfaces in the
transmission of emerging health care-
associated pathogens: Norovirus,
Clostridium difficile, and Acinetobacter
species

David |. Weber, MD, MPH_** William A Rutala, PhD, MPH,*" Melissa B. Miller, PhD,“" Kirk Huslage, RN, BSN, MSPH "
and Emily Sickbert-Bennett, MS"

Chapel Hill, North Carolina

Health care-associated infections (HAI) remain a major cause of patient morbidity and morality. Although the main source of nos-
ocomial pathogens is likely the patient’s e ndogenous flora, an estimated 20% to 40% of HAI have been attributed to cross infection
via the hands of health care personnel, who have become contaminated from direct contact with the patient or indirectly by touch-
ing contaminated environmenal surfaces Multiple studies strongly suggest that environmenial conmmination plays an impor@nt
role in the ransmission of methicillin-resisiant Staphylococcus aureus and vancomycin-resistant Enterococcus spp. More recently,
evidence suggests that environmental conmmination also plays a role in the nosocomial transmission of nomvirus, Qosoridium
difficile, and Acinetobacter spp. All 3 pathogens survive for prolonged periods of time in the environment, and infecions have
been associated with frequent surface contamination in hospiml rooms and health care worker hands. In some cases, the extent
of patient-to-patient ransmission has been found to be direcly proportonal to the level of environmental contamination. Im-
proved cleaning/disinfection of environmental surfaces and hand hygiene have been shown to reduce the spread of all of these
pathogens Importantly, norovinus and C difficile are relatively resistant to the most common surface disinfectants and waterless
alcohol-based antiseptics. Current hand hygiene guidelines and recommendations for surface cleaning/disinfection should be fol-
lowed in managing outbreaks because of these emerging pathogens

Eey Words: Environmental surfaces; disinfecmnts;, Clostridium difficile, norovirus, Acinetobacror.

Copyright © 2010 by the Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights

reserved. (Am [ Infect Control 2010,38:525-33.)




Table I. Microbiologic factors that can facilitate surface Table 2. Microbiclogic and epidemiologic features of

environment-mediated transmission of selected pathogens norovirus that promote epidemics
Pathogen able to survive for prolonged periods of time on Large human reservoir of infection
environmental surfaces (all) Widespread host susceptibilicy

Ability to remain virulent after environmental exposure (all) Strain-specific immunity is short lived (weeks to manths)
Contamination of the hospital emvironment frequent {all) Multiple routes of transmission (fecal-oral, foodbarne, waterbome,
Ability to colonize patients (Adnetobacter, C diffidle, MRSA, VRE) aerosol)

Ability to transiently colonize the hands of health care workers (all) High infectivity

Transmission via the contaminated hands of healtheare workers (all) Very low inoculating dose (<10 virons)
Strall inoculating dose (C diffidle, norovirus) Stable in the enviranment

Relative resistance to disinfectants used on environmental surfaces Prolonged shedding

(C difficile, noravirus) Mo vaccine available
Mo specific chemotherapy

C difficile, Clostridium difficile; MRSA, methicillin-resistant Stophylococcus aureus;
VRE, vancomycin-resistent Enterscoocus spp.

Table 3. Evidence supporting role of environmental contamination in transmission of emerging health care-associated

pathogens

Clostrdium Acinetobacter

Characteristic MNerovirus dif ficile spp

Able to survive for prolonged periods in the environment ‘fes Yes Yes

Environmental contamination frequently found in rooms of infected patients Yes Yes Yes

Contaminated environmental reservolr demonstrated to be source of an outbreak - Tes fes

Contamination of health care worker hands demonstrated — fes fes

Hurman challenge studies demonstrate that contaminated health care worker hands can Yes — Tes
transfer pathogen

Level of environmental contamination associated with frequency of health eare worker hand — Yes —
contamination

Prevalence of environmental contamination associated with incidence of patient aequisition/ — Tes —
infection

Admission to a room previously eccupled by an infected patient assochted with risk of - Yes -
colontzationfinfection

Enhanced cheaning demonstrated to reduce hospital incidence of infection -_ fes fes
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Abstract

Background: Inanimate surfaces have often been described as the source for outbreaks of
nosocomial infections. The aim of this review is to summarize data on the persistence of different
nosocomial pathogens on inanimate surfaces.

Methods: The literature was systematically reviewed in MedLine without language restrictions. In
addition, cited articles in a report were assessed and standard textbooks on the topic were
reviewed. All reports with experimental evidence on the duration of persistence of a nosocomial
pathogen on any type of surface were included.

Results: Most gram-positive bacteria, such as Enterococcus spp. (including VRE), Staphylococcus
aureus (including MRSA), or Streptococcus pyogenes, survive for menths on dry surfaces. Many gram-
negative species, such as Acinetobacter spp., Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa,
Serratia marcescens, or Shigella spp., can also survive for months. A few others, such as Bordetella
pertussis, Haemophilus influenzae, Proteus vulgaris, or Vibrio cholerae, however, persist only for days.
Mycobacteria, including Mycobacterium tuberculosis, and spore-forming bacteria, including Clostridium
difficile, can also survive for months on surfaces. Candida albicans as the most important nosocomial
fungal pathogen can survive up to 4 months on surfaces. Persistence of other yeasts, such as
Torulopsis glabrata, was described to be similar (5 months) or shorter (Candida parapsilosis, 14 days).
Mast viruses from the respiratory tract, such as corona, coxsackie, influenza, SARS or rhino virus, can
persist on surfaces for a few days. Viruses from the gastrointestinal tract, such as astrovirus, HAV,
polio- or rota virus, persist for approximately 2 months. Blood-borne viruses, such as HBY or HIV,
can persist for more than one week. Herpes viruses, such as CMVY or HSV type | and 2, have been
shown to persist from only a few hours up to 7 days.

Conclusion: The most common nosocomial pathogens may well survive or persist on surfaces for
months and can thereby be a continuous source of transmission if no regular preventive surface

disinfection is performed.




Table I: Persistence of clinically relevant bacteria on dry inanimarte surfaces.

Type of bacterium Dwration of persistence (range) Reference(s)
Acinetobacter spp. 3 days to 5 months [18, 25, 28, 29, 87, 88]
Bordetella periussis 3- 5 days [8%, 90]

Campylobacter jejuni up to & days [21]

Oostridium difficile (spores) 5 months [92-94]

Chlamydia pneumoniae, C trachomatis = 30 hours [14. 95]

Chlamydia psittaci IS days [90]

Corynebacterium diphtherige 7 days — & months [20, 98]
Corynebacterium pseudotuberaulosis 18 days [21]

Escherichia coli 1.5 hours — 16 months [12, 1& 17, 22, 28, 52, 90, 97-99]
Enterococcus spp. including VRE and VSE 5 days — 4 months [?, 26, 28, 100, 101]
Haemophilus influenzae 12 days [20]

Helicobacter pylori = 90 minutes [23]

Klebsiella spp. 2 hours to = 30 months [12, 16, 28, 52, 90]
Listeria spp. | day — months [15, 20, 102]
Mycobacterium bovis = 1 months [13, 90]
Mycobacterium wherailosis | day — 4 months [30, 50]

Neisseria gonorrhosae | — 3 days [24, 27, 90]

Proteus wigaris | — 2 days [20]

Pseudomonas aeruginosa & hours — |6 months; on dry floor: 5 weeks [12, 16, 28, 52, 99, 103, 104]
Salmaonela typhi & hours — 4 weeks [0]

Salmanela typhimurium 10 days — 4.2 years [15, 20, 105]
Salmonella spp. | day [52]

Serratia marcescens 3 days — 2 months; on dry floor: 5 weeks [12, 90]

Shigella spp. 2 days — 5 months [0, 106, 107]
Staphyococcus aureus, including MRSA, 7 days — 7 months [2. 10. 18, 52, 99, 108]
Streptococcus preumonios | — 20 days [20]

Streptococeus pyogenes 3 days — 6.5 months [20]

Vibrio cholerae | — 7 days [20, 109]




Table 3: Persistence of clinically relevant viruses on dry inanimate surfaces.

Type of virus Dwration of persistence (range) Source

Adenovirus 7 days — 3 months [32, 34, 38-41. 111]

Astrovirus 7— 90 days [38]

Coronavirus 3 hours [z, 113)

SARS associated virus 72 — 96 hours [rr4]

Comsackie virus =1 weeks [34.111]

Cytomegalovirus 8 hours [1s]

Echovirus 7 days [39]

HAY 2 hours — 60 days [35, 38, 41]

HBY = | week [116]

HIv =7 days [H7-119

Herpes simplex virus, type | and 2 4.5 hours — B weeks [34, 111, 118, 120]

Influenza virus | — 2 days [39, 43, 121, 122]

Morovirus and feline calici virus (FCV) 8 hours — 7 days [42, 45]

Papillomavirus 16 =7 days [123]

Papovavirus 8 days [ra]

Parvovirus = | year [ra]

Poliovirus type | 4 hours — < 8 days [35, 118]

Poliovirus type 2 | day — 8 weeks [34, 3B, 111]

Pseudorabies virus =7 days [124]

Respiratory syncytial virus up to & hours [44]

Rhincwvirus 2 hours — 7 days [33. 125]

Rotavirus 6— 60 days [36 - 38, 41]

Wacciniavirus Iweeks — = 20 weeks [34. 126]
Contaminated Susceptible

inanimate direct transmission patient
surface >

2

Compliance in

Hands of hand hygiene: ~ 50%

healthcare
worker

Figure |
Common modes of transmission from inanimate surfaces to susceptible patients.
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Is it really clean? An evaluation of the efficacy of

four methods for determining hospital cleanliness

O. Sherlock 2*, N. O’Connell®, E. Creamer 2, H. Humphrewys 2-©
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KEYWORDS Summary An important component of effective cleaning in hospitals in-
ATP bioluminescence; volves monitoring the efficacy of the methods used. Generally the recom-
Ele‘?“'“‘-’-* . mended tool for monitoring cleaning efficacy is visual assessments. In this
nviranment; study four methods to determine cleaning efficacy of hospital surfaces
Hospital-acquired : : : :
infection were compared, namely visual assessment, chemical (ATP) and microbio-

logical methods, i.e. aerobic colony count (ACC) and the presence of
meticillin-resistant Staphylococcus aureus. Respectively, 93.3%, 71.5%,
92.1% and 95.0% of visual, ATP, ACC and MR5A assessments were considered
acceptable or 'clean’ according to each test standard. Visual assessment
alone did not always provide a meaningful measure of surface cleanliness
or cleaning efficacy. The average ATP value from 120 swabs before cleaning
was 612 relative light units (RLU) (range: 72—2575) and 375 RLU after
cleaning (range: 106—1071); the accepted standard is 500 RLU. In a hospital
setting with low microbiological counts, the use of chemical tests such as
ATP may provide additional information of cleaning efficacy and ATP trends
allow identification of environmental surfaces that require additional
cleaning or cleaning schedule amendments.

2009 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.
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Fig 1. Comparison of geomerric mean from ATP assay (geometric mean of RLU) before (red) and afrer (Blue) cleaning for each surface studied revealed thar although clean-
ing was more effective for irregularly shaped surfaces (anesthesia keyboards, door handles, and overhead lights), irregularhy shaped surfaces were much dirtier than regularly
shaped surfaces (rables and manresses) both before and after cleaning. Log RLU reducrions were statstically different (*) from 0 for overhead lights (P= 017, anesthesia
keyboards (P« 0001}, and door handles {P= ,017) bur not for OR table marrresses (P= 68) or side supply ables (P=_35).




‘No touch’ technologies for environmental

decontamination: focus on ultraviolet devices
and hydrogen peroxide systems

David J. Weber®®, Hajime Kanamori®, and William A. Rutala®®

Purpose of review
This article reviews ‘no touch’ methods for disinfection of the contaminated surface environment of
hospitalized patients’ rooms. The focus is on studies that assessed the effectiveness of ultraviolet (UV)
light devices, hydrogen peroxide systems, and selfdisinfecting surfaces to reduce healthcare-associated
infections (HAls).

Recent findings

The contaminated surface environment in hospitals plays an important role in the transmission of several
key nosocomial pathogens including methicillinresistant Staphylococcus aureus, vancomycin-resistant
Enterococcus spp., Clostridium difficile, Acinefobacter spp., and norovirus. Multiple clinical trials have
now demonstrated the effectiveness of UV light devices and hydrogen peroxide systems to reduce HAls.
A limited number of studies have suggested that ‘self-disinfecting’ sufaces may dlso decrease HAs.

Summary

Many studies have demonstrated that terminal cleaning and disinfection with germicides is often
inadequate and leaves environmental surfaces contaminated with important nosocomial pathogens. ‘No
touch’ methods of room decontamination [i.e., UV devices and hydrogen peroxide systems] have been
demonstrated to reduce key nosocomidl pathogens on inoculated test surfaces and on environmental
surfaces in actual patient rooms. Further UV devices and hydrogen peroxide systems have been
demonstrated to reduce HAI. A validated ‘no touch’ device or system should be used for terminal room
disinfection following discharge of patients on contact precautions. The use of a ‘self-disinfecting’ surface
to reduce HAI has not been convincingly demonstrated.

Keywords
healthcare-associated infections, hydrogen peroxide systems, room decontamination, surface environment,

UV devices




Table 1. Mo touch’ methoddlogies for deconfamination of
hospital room surfaces
Room deconaminalion methodakog es for lerminal room ==

KEY POINTS

* The confominated surface environment in patient rooms

has been linked to fransmission of several important
nosocomial pathogens including MRSA, VRE, C. dacortominalion
difficile, Acinefobacter spp., and norovins. Uiraviolet light devices
« Muliple studies have demanstrated that @ substantial R
number of room surfaces are m’rndacr_mdf cleanad W'P"hdm
thn!i{puﬁm’r discharge. Admittance o a room Hydrogen peroxide sydems
previcus um.lpiadb'fu pinan’rcuhnizadu'infachd rogen peroxide vapor
with o multidrugresisiont pathogen [e.g., MRSA, VRE, Hyd —T da {HTE% =
Acinetobacter] results in the newly admitied patient Asroscd yerogen perexide systems [5-6% H,0, plus
having an increased risk of acquiring that pathogen by siver]
39-3153%. 4 Room deconamination methodologies for continuon (IR
» Because room surfaces are frequently not clean/ hﬂ = .
disinfected during f'erminal cleaning, muliiple ‘no fouch’ High-intensive namow-specirum light
methodalogies have been invented for terminal room low dose conlinuous hydrogen peroxide
ji::rpfadic::.lTha nurtihﬂiaﬂc’i:chnuhgiaﬁu'aw Spot surkace decontamination method clogies.
ices and hydrogen peroxide sysiems. Handhedd UV devices
« UV devices and hydrogen peroxide sysiems have been e «leani
shown o eliminate clinically relevant numbers of wcalbdis . ':E e
important nosocomial pothogens from incculated fest nfecting” surfoces
objects and from actual reom surfoces. Anlimicrabial coatings
« Muliiple clinical trials have now demonstrated that UV Copper
devices and hydrogen peroxide sysiems decrease HAls Silbesr
due ©o rm.l|11|:h|g—m!.|5tu1’r pdhﬁns ﬁJ’rhcn.lgh rru:lnf of Triclasan
the studies are of low consisiency of — . - A
studies and the few well daz'.lgnad studies lead one 1'u Polyenllonic ond Ightacyotnd enmiembinl surincos
conclude that 'no touch’ echnologies are an efective Bacleriophage-modified sufoces
method for enhancing terminal reom disinfection and Alered lopography [e.g., shark sindike sursces such as

reducing the incidence of HAls. Sharkld AF [Sharkld Technologies, Alachua, Floride)]




Table 2. Clinical trials of ‘no touch’ methods: UV devices and hydrogen percrxide systems

2016, Vianna et al. [44]

2015, Horn and Otter [45]
2015, Anderson et al. [46]
2015, Pegues et al. [47]
2015, Nagaraja et al. [48]
2015, Miller et al. [49]
2014, Mitchell et al. [50]
2014, Haas etal. [51]

2013, Manian et al. [52]
2013, Passaretti et al. [53]
2013, Levin ef dl. [54]
2011, Cooper et dl. [55]
2008, Boyce et al. [56]

UV-PX

HP vapor
uv-C

uv-C

UV-PX

UV-PX

Dry HP vapor
UV-PX

HF vapor
HP vapor
UV-PX

HF vapor
HF vapor

Before —after

Before —after
RCT
Before —after

Before —after
Before —after
Before —after

Before —after

Before —after
Prospective cohort
Before—after

Before—after (2 cycles)

Before —after

Community hospital

Hospital

9 hospitals
Academic center
Academic center
Nursing home
Hospital
Academic center

Community hospital
Academic center
Community hospital
Hospitals
Community hospital

Facility wide: |C. difficile, |all MDROs
(MRSA, VRE, CDI)

|CDI, |VRE, |ESBL GNB

| All MDROSs (MRSA, VRE, CDI)
1CDI

1CDI

1CDI

|MRSA colonization and infection

|CDI, |[MRSA, |VRE, |MDRO GNB,
all MDROs

1col

|VRE, |all MDROs (MRSA, VRE, CDI)
|CDI, |MRSA,

| CDI (cases; incidence not significant)
1CDI

resistant Enferococcus.

“All listed results were stafistically significant (see reference for more details).

CDI, Clostridium difficile infection; ESBL, extended spectrum beta-lactamase producers; GMB, Gram negative bacteria; HP, hydrogen peroxide; MDRO, multidrug-
resistant organism; MRSA, methicillinresistant Staphylococcus aureus; UV-C, ultraviolet light — C; UV-PX, ultraviolet light — pulsed xenon; VRE, vancomycin-




Nosocomial and healthcare related infections

Table 3. Comparison of UV devices and hydrogen peroxide systems for room decontamination

Similarities between UV devices and hydrogen peroxide systems
Reliable biocidal activity against healthcare-associated pathogens as assessed using inoculated test materials
Reliable biocidal activity against healthcare-associated pathogens as determined by use in contaminated patient rooms
Room surfaces and equipment decontaminated

mmmmm) Neither method removes dust and stains which are important to patients and visitors, and hence cleaning must precede decontamination

All patients and staff must be removed from the room prior to decontamination, thus limiting use to terminal room decontamination
Residual free and does not give rise to health or safety concerns
Substantial capital equipment costs
Demonstrated to reduce healthcare-associated infections in multiple studies

Differences between UV devices and hydrogen peroxide systems

mmm==) Room decontamination more rapid for UV devices: ~5-25 min for vegetative bacteria and ~10-50min for C. difficile with UV devices
compared with 1.5-2.5h for H,O; systems

w1V devices do not require, as do H;O; systems, that the HVAC (heating, ventilation and air conditioning) system be disabled

mmmmm) )/ devices require direct or indirect line of sight for effectiveness whereas H2O2 systems are effective throughout the enclosed space [e.g.,
a UV device run only in a patient's room would not decontaminate the bathroom unless the bathroom surfaces had direct or indirect line of
sight)

s} ,0, systems achieve higher levels of sporicidal kill (although whether this is clinically relevant has not been established)

mmm==) UV devices are sensitive to use parameters [e.g., dose, distance, room configuration)

) UV devices unlike H; O, systems require that furniture and equipment be moved away from the walls to allow decontamination via indirect
irradiafion
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SUMMARY

During the last decade, Clostridium dif ficile has emerged as a major cause of healthcare-
associated diarrhoea and death. Transmission of this spore-forming bacterium is thought
to occur via the hands of healthcare providers or via the contaminated environment.
Therefore, enhanced environmental cleaning/disinfection of the rooms housing
C. difficile-infected patients is warranted Gmdehnes from various 5c1em:|ﬁc bodies have
been published. They re :
patients with EMMMMMMSML
product. Compliance with cleaning and disinfection is a critical point and is often sub-

optimal. Movel "no-touch’ methods for room disinfection have recently been introduced.
Ultraviolet (UV) light or hydrogen peroxide systems are most widely used. In-vitro studies
suggest that hydrogen peroxide vapour (from 30% hydrogen peroxide) methods achieve a
=6 logyy reduction in C. difficile spores placed on carriers, and that aerosolized hydrogen
peroxide systems (from 5% to 6% hydrogen peroxide) achieve ~4 log,y reduction, whereas
UV-based methods achieve ~2 logqg reduction. Very few studies have assessed the impact
of these devices on the transmission of C. difficile. Major limitations of these devices
include the fact that they can only be used after the patient’s discharge, because patients
and staff must be removed from the room. The new no-touch methods for room disin-

fection supplement, but do not replace, daily cleaning.
i@ 2015 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.




Journal of Hospital Infection 93 (2016) 42 —48

& {g .

ELSEVIER journal homepage: www .elsevierhealth.com/journals/jhin

5 Available online at www .sciencedirect.com
: a
Journal of Hospital Infection = :
\‘“‘-’

Varying activity of chlorhexidine-based disinfectants
against Klebsiella pneumoniae clinical isolates and
adapted strains

L.J. Bock®, M.E. Wand, J.M. Sutton
National Infection Service, Public Health England, Porton Down, Salisbury, UK

Table |
Chlorhexidine formulations used in this study

Formulation Chlorhexidine in 100% WC Additional active Recommended
ingredients in 100% WC contact time
1 Urinary catheter 0.02%w/v Chlorhexidine diacetate Mone 1015 min
maintenance solution
2 Antiseptic mouthwash 0.2% w/v Chlorhexidine gluconate Mone® 1min
3 Pre-operative 2% w/v Chlorhexidine gluconate 70% lsopropyl alcohol 30s
skin preparation
4 Hand disinfectant 1-3%w/v Chlorhexidine digluconate” Patented combination 30s—1min
of antimicrobial agents
5 Antimicrobial skin 4% w./v Chlorhexidine gluconate Mone® 1=3 min
cleanser/handwash

WC, working concentration.
# Formulations 2 and 5 contain ethanol and 4% tsopropyl alcohol, respectively, although these are not listed as active ingredients.
¥ 2% assumed for all calculations.
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SUMMARY

Background: Control of multi-drug-resistant (MDR) organisms relies increasingly on the use
of biocides, including chlorhexidine, to limit the risk of infection. The concentration and
formulation of chlorhexidine can vary hugely between products.
Aim: To establish the activity of chlorhexidine and in-use chlorhexidine formulations
against 14 clinical Klebsiella pneumoniae strains isolated before and since the use of
chlorhexidine became routine, and strains that have adapted following sublethal chlor-
hexidine exposure.
Methods: Minimum inhibitory concentrations (MICs) and minimum bactericidal concen-
trations (MBCs) of five chlorhexidine-containing formulations were measured at 5 min,
15 min, 30 min and 24 h for the panel of K. pneumoniae strains.
Findings: After Smin, MBCs of five formulations varied from 0.006 to =50% working
concentration (WC) or from 78 to 2500 pg/mL chlorhexidine. For one formulation, MBECs
were =50% WC for five of the 14 strains, and for another formulation, four of the 14 strains
could resist 25% WC. NCTC 13368 was consistently most tolerant to chlorhexidine, whereas
the strains isolated before the use of chlorhexidine became routine were more sensitive.
One pre-chlorhexidine era and five modern strains increased MICs up to 16-fold following
exposure to sublethal concentrations of chlorhexidine. A hand disinfectant with MBCs of
0.39% WC for all six of the wild-type strains, had MBCs of 50% WC for the chlorhexidine-
adapted strains.
Conclusion: Not all chlorhexidine formulations kill MDR K. pneumoniae after the recom-
mended exposure time. Activity, especially against chlorhexidine-adapted strains, de-
pends on additional ingredients. Careful formulation of chlorhexidine products is
therefore important to maintain and enhance the activity of chlorhexidine products, and
avoid potential breakdown in infection control.

Crown Copyright @ 2016 Published by Elsevier Ltd
on behalf of the Healthcare Infection Society. All rights reserved.
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Efficacy of two hydrogen peroxide vapour aerial
decontamination systems for enhanced disinfection of
meticillin-resistant Staphyvlococcus aureus, Klebsiella

pneumoniae and Clostridium difficile in single isolation
rooms
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Background: Hydrogen peroxide vapour (HPVY) disinfection systems are being used to
reduce patients’ exposure to hospital pathogens in the environment. HPY whole-room
aerial disinfection systems may vary in terms of operating concentration and mode of
delivery.
Aim: To assess the efficacy of two HPV systems (HP51 and HPS52) for whole-room aerial
disinfection of single isolation rooms (SIRs).
Methods: Ten SIRs were selected for manual terminal disinfection after patient discharge.
Hydrogen Pemxifje Test coupons seeded with biological indicator (Bl) organisms [~ 10° colony-forming units
Whole-room aerial (cfu) of meticillin-resistant Staphylococcus aureus (MRSA) or Klebsiella pneumoniae, or
decontamination ~10° cfu Clostridium difficile 027 spores] prepared in a soil challenge were placed at five
Infection control locations per room. For each cycle, 22 high-frequency-touch surfaces in SIRs were sampled
Clostridium difficile with contact plates (~25cm?) before and after HPV decontamination, and Bls were
MRSA assayed for the persistence of pathogens.
Klebsiella pneumoniae Findings: Approximately 95% of 214 sites were contaminated with bacteria after manual
@ terminal disinfection, with high numbers present on the SIR floor (238.0-352.5cfu), bed
CrossMark

Keywords:

control panel (24.0-33.5 cfu), and nurse call button (21.5-7.0cfu). Enhanced disinfection
using HPV reduced surface contamination to low levels: HP51 [0.25 cfu, interguartile range
(IQR) 0—1.13] and HPS5Z (0.5 cfu, IQR 0-2.0). Both systems demonstrated similar turn-
around times (~2—-2.5h), and no differences were observed in the efficacy of the two
systems against Bls (C. difficile ~5.1logqyy reduction; MRSA/K. pneumoniae ~6.3 logyg

reduction). Despite different operating concentrations of hydrogen peroxide, MRSA per-
sisted on 27% of coupons after HPY decontamination.
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Figure 1. Location of sample points to position microplates containing control and test {exposed ) coupons during each hydrogen peroxide
vapour {HPV) decontamination cycle. Sample points were arranged to assess the effectiveness of the HPV decontamination system against
contamination (biological indicators) in difficult-to-access areas and at various heights within the room. Sample point description: 1,
corner of room {floor level) behind main door; 2, underneath bed (floor level); 3, window frame approximately 2 m above floor; 4, corner
of bathroom (floor level) behind door; 5, shelf in shower unit approximately 1m above floor.

Table Il
Median [interguartile range (I1QR)] numbers of total aerobic bacteria recovered from surfaces from 22 sites in side-rooms before and after
whole -room decontamination with one of two hydrogen peroxide vapour systems

Median (IQR) numbers of colony-forming units recovered from surfaces in single rooms (N — 10) treated with hydrogen peroxide vapour

Site Hydrogen peroxide system 1 Hydrogen peroxide system 2
Pre-exposure Post-exposure Persistence Pre-exposure Post-exposure Persistence
% (P/tot)® (P /tot)®
1 Bed frame (right-hand side) 5.5 (3.3-18.0) 0.0 (0.0—-1.0) 40 (4/10) 14.0 (1.8—41.3) 0.0 (0.0—-0.0) 22 (2/9)
2 Footboard 7.0 (3.0—-22.5) 0.5 (0.0—1.0) 50 (5/10) 14.5 (9.5—34.0) 0.0 (0.0—-3.3) 44 (4/9)
3 Bed control panel 24.0 (11.3—24.5) 0.0 (0.0—0.0) 20 {2/10) 33.5(1.8—-56.5) 0.5 (0.0—2.0) 56 (5/9)
4 NMurse call button 21.5 (B.5—34.8) 0.5 (0.0—4.0) 50 (5/10) 37.0 (29.0—-123.3) 3.5 (1.0—9.8) 80 (8/10)
5 Patient chair arm (right-hand 18.0 (11.5-24.5) 0.0 (0.0—0.8) 30 (3/10) 20.0 (13.0-23.0) 1.0 (1.0-3.0) T8 (T/9)
side)
6 Patient chair seat 64.5 (33.8—68.8) 1.5(1.0-3.0) 90(9/10) B82.0(36.0—182.0) 7.0 (6.0—47.0) 100 (9/9)
7 Sofabed seat 17.0 (6.0—56.0) 1.0 (0.0—2.0) 56 (5/9) 49.0 (6.0—89.0) 6.0 (1.0—-13.0) 89 (8/9)
8 Bin lid 30.0 (23.5—44.5) 1.0 (0.0—3.5) 60 (6/10) 5Z2.0(38.3—62.0) 1.5 (1.0-2.0) 30 (3/10)
9 Patient entertainment system 5.0 (2.0—20.0) 0.0 (0.0—1.0) 44 (4/9) 4.5 (1.5—-13.3) 0.0 (0.0—0.8) 30 (3/10)
10 Suction container 35.0 (16.3—45.8) 0.0 (0.0—0.0) 20 (2/10) 14.0 (6.3—53.0) 0.0 (0.0—0.0) 20 (2/10)
11 Suction tubing 11.0 (10.0—14.0) 0.0 (0.0—-0.0) 11 (1/9) 8.5 (4.3—-22.0) 0.0 (0.0—1.8) 40 (4/10)
12 Inside door handle 13.0 (6.0—26.3) 1.5 (0.3—2.8) 70 (7/10) 22.5(10.5—47.8) 1.0 (0.0—2.8) 60 (6/10)
13 Outside door handle 14.5 (7.25—-25.3) 9.5 (5.8—20.8) 90 (9/10) 26.0 (16.3-56.8) 5.0 (1.5—17.8) 90 (9/10)
14 Corner of main room (floor) 352.5 (193.3-500.0) 3.0 (2.3-5.3) 100 (10/10) 238.0 (135.3-500.0) 3.5 (1.0-5.0) 90 (9/10)
behind entrance door
15 Inside door handle (toilet) 38.0 (12.3—74.8) 1.0 (0.0—-1.8) 60(6/10) 51.0(14.3—61.3) 0.0 (0.0—0.0) 20 (2/10)
16 Outside door handle (toilet) 8.0 (7.0—-22.3) 0.0 (0.0—0.8) 30 (3/10) 28.0 (13.8—62.5) 0.0 (0.0—0.8) 30 (3/10)
17 Toilet assist bar 18.0 (13.8—26.8) 0.0 (0.0—-1.0) 40 (4/10) 13.0 (1.3—23.5) 1.0 (0.0—2.8) 60 (6/10)
18 Toilet flush 39.0 (31.5-53.8) 0.5 (0.0-1.0) 50(5/10) 11.5(7.3—15.3) 0.0 (0.0—0.0) 20 (2/10)
19 Sink tap handle 25.5 (7.8—-42.8) 0.0 (0.0—-1.0) 40 (4/10) 40.0 (9.8—49.3) 0.0 (0.0—-0.0) 10 (1/10)
20 Shower head handle 10.5 (4.3—31.3) 0.0 (0.0—-0.8) 30(3/10) 25.5(16.0—62.8) 0.0 (0.0—-1.5) 30 (3/10)
21 Shower curtain 10.0 (3.8—15.5) 0.0 (0.0—4.0) 40 (4/10) 5.0 (2.3—-12.3) 0.5 (0.0—1.0) 50 (5/10)
22 Bathroom floor corner 500.0 (223.0-500.0) 3.5 (0.8—5.5) 70 (7/10) 223.5 (125.0-271.5) 1.0 (0.3—0.3) FO (7/10)

(opposite shower tray)

P, number of sites where bacteria detected; Tot, total number of sites sampled.
“ Percentage of sites where =0 colony-forming units of bacteria recovered after disinfection calculated as: % = [number of positive sites/
total number of sites sampled]*100.




Table I
Efficacy of two hydrogen per o ide sysbenms Lo deoont am inat e single
Bolation rooms. EfMicacy was detenmined Trom differences be
wean median [interguartile range (1QR)] numbers of bacteria or
spvres nescowvened Trom in-howuse biological indicator (Bl ooupsons.
All test organisrs were evaluated with low soiling, heavy soiling
[reticillin-resistant Stophdocooows aunews | MARSA) and Klebsiella

Bk B o e Phencsic |
Hydrogen peraxide system 1

Hydragen peraxide system 2

presmoniae] or synthetic {asces (Clostridivm o ficile spores). BI &l [Pl 1 vt &l Feasdluicticn
coupsns were placed at five different locations per room '!'Illl'il'q lu-gnﬂu '!'Illl'il'q lq";ﬂ“['u“
Hydrogen perosxide system 1 Hydrogen peraxide system 2 1Ry (QR) (QRY
efu Reduct fan efu Reductian
redmaining e remaining  lag,gfu (10} 4 <2 5.34 (5.05-5.51) <2 524 (5.00-5.3%
I -
HeR Lk Lo 5 <2 5.29 (5.08—5.58) <2 572 (5.09-5.38)
"'I_;“f::'“rm P B3A, bovine serum albumin; cfu, colony-forming units.
1 <2 6.36 (6.28—6.52) <2 6.29 (5.98—6.500 * Counts below the theoretical detection limit (2 efu) are denated
2 <2 (02} 642 (6.30—6.48) <2 629 [5.91—&6.52) o 2
1 =2 &.41 (6 T2—6.48) <2 636 (5. 91—&.44) B
4 <2 (0—2) 6.34(6 28—6.38) <2 6.31 (5.73—7.000 Bl coupans were placed in one af five bostion & deoribed in
5§ o2 (0—d4) 634 (6 B—6 A7) <2 6.2 (6.00—6.38) Figure 1.
Heamy soiling (100 BSA)
1 <2 6.29 (6 14—6.55) 18 G 0% (6. 35—6.66)
0—172)
2 <2 (0—2) 6.26(612—6.53) O G (6. 20—6.67)
(O—236 )
1 6.25 (6. F—6.42) 4 &34 (6.31—6.48)
(—A88
4 <2 (0—4) 630 (6 10—6.38) <2 &35 (6.11—6.55
5 <2 (0—4) 627 (6 10—&.45) O & 37 (6. 28—6.81)
(r—816&)
K. prewnmonioe
Bl location”
Levww sevilineg (0.03%E BSA)
1 <2 G40 (6. H—6 66) <2 634 (5.73—6.53)
r ] 6.35 (6. 23—6.66) <2 637 (5.81—&6.53)
1 6.31 [6.21—6.58) <2 6. 26 (5.85—6.62)
4 =2 6.37 (6. 2—6.52) <2 623 (5. 76—&.6T)
5 <2 6.38 (6. 2B—6.61) <2 &1 [5.80—&. 70
Hesmy soiling (10 BSA)
1 <2 6.32 (6. 26—6.65) <2 & 3% [5.86—6.62)
2 =2 &40 (6. 26— 6 &65) =2 & 30 (5. A5 6. 42)
3 <2 6.31 (6. 29—6.65) <2 6. 38 [(5.85—6.55)
4 =2 630 (6. 24—6.61) =2 & 28 (5. A5 & 63)
5 <2 6.30 (6. 25—6.70) <2 643 [5.91—6.65)
C. difffcile 027 spores
Bl location™
Leovww sevilineg (0.03E BSA)
1 <2 5.24 (5.00—5. 44) <2 526 (5.005—5.48)
2 =2 S48 (5.0M—5.46) <2 534 (506549
1 <2 5.30 (5.06—5.48) <2 5.3 (5.07—5.4%
4 =2 527 (4.92—5.60) <2 5. 3% (4.96—5.51)
5 =2 5,30 (5.00—5 45) =2 523 (50405 47)
Hezaney sovilimeg (beosdty Mwid)
1 <2 5.31 (5. 12—5.47) <=2 519 (5.02—5.42)
2 <2 5.25 (5. 10—5.60) <2 5.9 (5.08—5.49)
3 <2 5.31 (5.12—-5.52) <2 5.1 [5.02—5 . 44)
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(rer the last decade, substantial scientific evidence has accumulated that indicates contamination of en-
vironmental surfaces in hospital rooms plays an important role in the transmission of key health care—
associated pathogens (eg, methicillin-resistant Staphy ococous aureus, vancomycin-resistant enterococci,
Costridium difficile, Acinetobacter spp). For example, a patient admitted to a room previously cccupied
by a patient colonized or infected with one of these pathogens has a higher risk for acquiring one of these
pathogens than a patient admitted to a room whose previous occupant was not colonized or infected.
This risk is not surprising because multiple studies have demonstrated that surfaces in hospital rooms
are poorly cleaned during terminal cleaning. To reduce surface contamination after terminal cleaning,
no touch methods of room disinfection have been developed. This article will review the no touch methods,
ultraviolet light devices, and hydrogen peroxide systems, with a focus on clinical trials which have used
patient colonization or infection as an outcome.

Multiple studies have demonstrated that ultraviolet light devices and hydrogen peroxide systems have
been shown to inactivate microbes experimentally plated on carrier materials and placed in hospital rooms
and to decontaminate surfaces in hospital rooms naturally contaminated with multidrug-resistant patho-
mens. A growing number of clinical studies have demonstrated that ultraviolet devices and hydrogen peroxide
systems when used for terminal disinfection can reduce colonization or health care-associated infec-
tions in patients admitted to these hospital rooms.

@ 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.




Table 1
Effecriveness of UV devices on reducing MDROs on carriers

Author, year LV sysiem MDROs Time [min) Energy (LW cm?) Logyo reducrion direct (indirect)
Rurala, 201027 - Tru-D MRSA, VRE, A -15 12,000 431 (3.85). 3.00(3.25). 421 (3.70)
Rurala, 20107 W-C Tru-D Cd -50 36,000 404 (243)

Boyce, 201128 -C Tru-D Cd 678 (1 stage) 22,000 1.7-290

Hawill, 201229 V-, Tru-D Cd 73 (mean) 22,000 22

Rurala, 2013* W-C Tru-D MRSA 25 12,000 471(4.27)

Rurala, 2013% W-C, Tru-D cd 43 22,000 341(2.01)

Mahida, 2013 W-C Tru-D OR: MESA, VRE 40 12,000 =40 (=40, 35(24)

Mahida, 2013 -C Tru-D Single parient room: VRE, A, As 23-93 12,000 240(>23.24.0(17).=4.0(2.0)
Rurala, 2014% UWV-C, Oprimum MRESA 5 N5 410(274)

Rurala, 2014 UV-C, Oprtimum Cd 10 NS 335(1.80)

Merandzic, 2015+ UV, PX, Xenon Cd, MESA, VRE 10 ar 4 fr (2 gycles) NS 0.55, 185, 0.6

A, Acinetobaer spp; As, Aspergillus; Cd, JQosmidium difficile; MDRO, multidrug-resistant organism; MESA, methicillin-resistant Staphylococous aureus; NS, not stated; OR, op-
eratng room; PX, pulsed xenon; UV, ultravioler light; VRE. vancomycin-resistant enterococci.

Table 2

Effectiveness of UV devices on reducing MDROs in contaminared patient rooms
Author, year LV system MDROs Time (min}; energy (W /cm?) Posirive sites (before and afrer) (£) Logio reduction
Rurala, 2010%7 LV-C, Tru-D MEBESA -15; 12,000 20205 130
Merandzic, 2010* V-C, Tru-D MRSA, VRE 20; 12,000 107, 0.8; 2.7, 038 0.68; 2.52
Merandzic, 2010* UV-C, Tru-D Cd 45; 22,000 34038 130;
Sribich, 201135 LUV, PX, Xenex VRE 12; N5 820 136
Anderson, 2013% UV-C, Tru-D All, VRE A 25; 12,000 N5; 11,1; 13,3 1.35; 1.68; 1,71
Anderson, 20137 NV-C, Tru-D Cd 45; 22,000 10,5 116
Jinadarha, 2015¥ UV, PX, Xenex MESA 15(3 cycles of 5 min), NS 708 20
Merandzic, 2015+ UV, PX, Xenex MRSA, VRE, Cd 10(2 cydles of 5 min}; NS 10,2, 409, 19.8 0.90, 1.08, NS
Jinadarha, 2015¥ UV-FX, Xenex MESA 15(3 cydes of 5 min}; N5 M5, N5 063

A, Acinerobacrer spp; AL all targer organisms; Cd, Closoridium dificile; MDRO, mulrtidrug-resistane organism; MRSA, merthicillin-resistant Staphylococcus aurens; NS, not stared;
PX, pulsed xenon; UV, ulravioler lighe; VRE, vancomycin-resistant enrerscocci.

Table 3
Effecriveness of hydrogen peroxide systems on reducing multidrug-resistant organisms in contaminared parient rooms
Before HPV Afrer HPV

Aurhor, Year HP system Pathogen (% surfaces positive) (X surfaces positive) Reducrion (%)
French, 20044 HPV [ Biogquell) MESA T2(61/8B5) 1(1/B5) ]
Bares, 20050 HPV (Bioguell) Serraria marcescens 10 (4/42) 0(0/25) 100
Jeanes, 200551 HPV [Bioguell) MRSA 36 (10/28) 0(0/50) 100
Hardy, 20072 HPV [Bioguell) MRSA 24 (7129) 0(0/2a) 100
Outer, 2007+ VHF [Bioguell) MESA, GNR 40(12/307, 10 (3/30) 3(1/30), 0(3/30) 93,100
Shapey, 20085 HP dry mist (Srerinis) CTostridium difficile 23,6 (48/203) 3.4(7/203) 26
Dryden, 2008 VHP [Bioquell) MESA 27 6(829) 3.4(1/29) &8
Baoyce, 20085 VHF [Bioquell) C difficile 256(11/43) 0(037) 100
Bartels, 200857 HP dry mist (Sterinis) MESA 286(4/14) 0(0/14) 100
Ourer, 20105 HPV (Bioguell) GNE 48 (10{21) 0(0/63) 100

GNR, Gram-negarive rod; HP, hydrogen peroxide; HPV, hydrogen peroxide vapor; MRSA, methicillin-resistant Staphylococcus aureus,

Adapred from Felagas JE er al. ] Hosp Infect 2011;78:171-7.
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Ky Words: MF_H'I [FIEIiEunE envirommental disinfecrion represents a serious risk for health care-

Haspital-associated infectians associared infecrsons. Technologic advancements in disinfection practices, including no-mouch devices, offer
na-touch disinfection significant promise o improve infection conmol, We evaluared one such device, pomable pulsed xenon
methicillin-resistant Stephplococms aureus - - . - . . -
~erobic colamies ulmravioler (FX-LUV ) unirs, on microbial burden during an implementarion mial across 4 Vererans Afairs
implementation hospirals.

Methods: Environmental samples were collected before and after terminal room cleaning: 2 facilities in-
corporared PE-UNY disinfection ino their cleaning provocols and 2 practiced manwal disinfection only.
Specimens from 5 high-touch sud z0es were collecred from rooms harboring mechacillin- resistant Saph-
Mocoooes auraus (MRESA ) or aerobic bacteria colonies (ABC). Unadjusted pre-post count reductions and
negative binomial regression modeled FE-UY versus manual cleaning akone.
Results: Seventy samples were coliecved. Owverall, PX-UW reduced MRSA and ABC counits by 75.3% and
B4 1% respectively, versus only 25%-30F ar concral sites. Adjusting for baseline counts, manually cleanesd
rooms had significantly higher residual levels than PX-UV sites. Combined anahyses reveaked an incident
rate raio of 5.32 ("= 0024}, with bedrails, tray tables, and rodler handrails also showing satistcally su-
perior PX-UV disinfecton,
Condusions: This multicenier study demonsirares sgniflcanty reduced disinfemson aoross several Comimion
parhogens in facilities using P-UY devices. Oinical impact of laboratory reductions on infectson rames
Was not assessed, representing a critical furure research guestion. However, such approaches wo rourine
cleaning suggest a pracrical sraegy when integrated inoo daily hospital operarions.
Published by Elsevier Inc. on behalt of Association for Professionals in Infection Conomol and
Epidermicingy., Inc.
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Table 1
Urnadjusted calomy counts pre- and pestportable pulsed xeman ultravialet disinfection for 5 high- touch surfaces, by microbe
Predeaning Pestcleaning
Locatian Arm n Mean + 50 Mi=dian {Min-Max | n Mean + 5D Median | Min-Max) Reduction, £
ABC
Taibet s=at Cantral 12 X 3+3IR6 16{2-100) 12 d1+34 I5{0-11) ERD
Int=rvention 19 525+ 68 A {0-250) 19 183457 3{D-250) G5.1
Tailet handrail Cantral 1z SE+B1 15(0-25) 12 29133 LE{0-10) 478
Int=rventian 18 Tdl+B46 44.5(0-250) 18 30 +62] 3(D-250) 584
Beclrail Cantrol 1z 40.4+ B89 13{0-250) 12 1581732 5(0-230) 1.6
Int=rventian 19 105+ BES B2 (2-250) 18 141+ 188 G5 (0-67) BEE
Tray table Cantral 12 I E+ERS 8{0-250) 12 243+714 3{D-250) 537
Int=rvention 19 T4+ ER A7 {3-250) 18 11+44 1L5{0-1E) o5g
Call batton or tel=phone Cantral 1z 4341725 o5(1-250) 12 44.1 +963 1L5(1-250) -15
Int=rventian 19 0521043 50(1-250) 18 JE8+ 602 13(0-250) 613
Overall Cantral 1z 1503+ 2067 113 {18-784) 12 1112+ 1554 31 (6-503) RS
Int=rventian 19 J9E8+ 3129 76 (40-1220) 19 979+ 1365 44 (0-543) 753
MRS
Tailet s=at Cantral 16 83+273 0{0-110) 16 08+2E6 0{D-10) on2
Int=rventian 3 25484 0{0-40) bz | L746 O{D-2E) 127
Tailet handrail Cantral 16 167 + 515 0{0-200) 16 161 +62.4 0{D-230) EY
Int=rventian 23 06+ 14 0{0-E} n 0x02 0{o-1} o23
Beclrail Cantral 16 444126 0{D-50) 16 Q1403 0{o-1} LA
Int=rventian 23 25410 O{D-48) n 1206 0{0-3} 48
Tray table Cantral 16 LE+ 44 0iD-14) 16 03+l3 0{D-5) EL]
Int=rventian 3 2445 0{D-20) o | 002 ofo-1} Qg1
Call battan or tel=phone Cantral 16 0E+2 O{D-E} 16 01403 ofo-1} ED2
Int=rventian 3 D+ 169 0{D-57) o | 08+26 0{D-5) 013
Overall Cantral 16 JLE+BG 0.5 (0-345) 16 174626 0{D-251) 45.1
Int=rventian 3 16.:9+201 1{0-108) bz | 27472 OfD-2E) Ed.]
ABC = MESA
Taibet s=at Cantral 2B 173+293 I5(0-110) | 27+31 ofo-11) B12
Int=rvention ar 251+519 25(0-250) v 92+ 380 0{0-250) G313
Taibet handrail Cantral 2B TL8+301 0{0-200) .} 10447 0{D-230) 126
Int=rventian 41 1B+ EGA 1{0-250) 41 132+432 0{D-230) 507
Beclrail Cantral 2B 19.8+401 3{D-250) .} 154150 0{D-230) 4
Int=rventian 42 480+ 7E5 15(0-250) 41 634142 O(D-E7) B12
Tray table Cantral 2B 154472 1{0-250) | 106+472 0{0-250) ms
Int=rvention v 4B+ EBS G{0-250) 41 L4433 O{D-1E) =1
Call button or tel=phone Cantral 2B 15+ 501 05 {0-250) | 19+ 654 0{0-250) oy
Int=rvention v 48+ 771 15{0-250) 41 166+433 0{0-250) G54
Overall Cantral 2B 83+ 1586 23 {0-TE4) | 576+1194 45 (0-50%) M6
Int=rvention ar 1E8.B+ 2814 505 (0-1220) v 458+ 1025 40(0-543)

ABC, aerobic bacteria colonies; Mo, maximum; Mo, minimum; MESA, methicillin-resistant Stophy ococous aureus,

ROOM POSITIONS

portable pulsed xenon ultraviolet unit.
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Background: Manual cleaning and disinfection of the operating room (OR) environment may be inad-
equate due to human error. No-touch technologies, such as pulsed-xenon ultraviolet light (FX-UV), can
be used as an adjunct to manual cleaning processes to reduce surface contamination in the OR. This article
reports the cumulative results from 23 hospitals across the United States that performed microbiologic
validation of PX-UV disinfection after manual cleaning.

Methods: We obtained samples from 732 high-touch surfaces in 136 ORs at 23 hospitals, after manual
terminal cleaning, and again after PX-UV disinfection (n = 1464 surface samples). Samples were enumer-
ated after incubation, and the results are reported as total colony-forming units (CFU).

Results: The average CFU after manual cleaning ranged from 5.8 to 34.37, and after PX-UV, from 0.69 two
6.43. With manual cleaning alone, 67% of surfaces were still positive for CFUs; after PX-UV disinfection,
that number decreased to 38% of all sampled surfaces a 44% reduction. When comparing manual clean-
ing to PX-UV, the reduction in CFU count was ignificant.

en used after the manual cleaning process, the PX-UV device significantly ré
irh-touch surfaces in the OR.

i@ 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.
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Environment and New Technologies for Decontamination

Stephanie J. Dancer

Department of Microbiology, Hairmyres Hospital, East Kilbride, Lanarkshire, Scotland, United Kingdom

Infectious
Organism Survival time dose
Methicillin-resistant 7 days—=>7 mo 4 CFU

Staphylococcus aureus

Acinetobacter 3 days—=5>mo 250 CFU
Clostridium difficile >=5mo 5 spores
Vancomycin-resistant Enterococcus 5 days—=>4 mo <10° CFU
Escherichia coli 2h-16 mo 10°-10° CFU
Klebsiella 2 h-=30 mo 10° CFU
Norovirus 8 h-7 days <220 virions

@ Survival times and infectious doses of a range of pathogens according to, or
extrapolated from, original studies, some of which involved animal-based research (2,
7-14).

Number of ICU-acquired infections

Total hygiene failures

FIG 1 Relationship between environmental bioburden and hospital-acquired
infection. This figure shows a relationship between the number of surgical
intensive care unit (SICU)-acquired infections and total hygiene fails during a
2-month patient and environmental surveillance study in a Glasgow teaching
hospital. Hygiene failures were defined as aerobic colony counts (ACCs) of
>2.5 CFU/cm” and/or the presence of Staphylococcus aureus on hand touch
sites (42).




How should we clean ¢

linical equipment?

Three methods: Steam Cleaning

1. Disposable barrier . . B . f
Steam vapor machines are rapidly effective against a wide range o

pathogens, notably VRE, MRSA, and Gram-negative bacilli, in-
cluding P. aeruginosa. Initial inocula of 7 log,, selected organisms
are reduced to undetectable levels in less than 5 s following expo-
sure to steam (176). The total surface bioburden from hospital

| 2. Detergent

3. Disinfection with 1/10
dilution of 5% sodium
hypochlorite

All three protocols decreased MRSA surface load by >99%
from 10-14 cfu/cm? to 0.1 cfu/cm? (p<0.001)

FIG 2 How should we clean clinical equipment? This figure shows data from
a study examining three different methods for cleaning a dental chair. Clean-
ing (wipe-rinse method) using a sodium lauryl sulfate-based detergent dem-
onstrated equivalence to use of a disposable barrier and bleach disinfection for
reducing MRSA contamination on a dental chair (164). (Photo courtesy of S.
Petti.)

0Ozone

Ozone is a potent oxidizing agent which has limited impact on
bacterial spores and fungi but is highly effective against vegetative
bacterial cells (180, 181). While it is relatively cheap to produce, it
is both toxic and potentially corrosive for metals and rubber de-
spite rapid dissociation into oxygen. There are consequently only
a few studies reporting its use in health care settings (171).

Hydrogen Peroxide

Several systems which produce hydrogen peroxide (HP) in differ- ~ yy Light
ent formulations (e.g., HP vapors and dry aerosols) have been
studied for their potential to decontaminate environmental ob-
jects and surfaces in hospital rooms. HP systems are effective
against M. tuberculosis, MRSA, viruses, sporeformers, VRE, and
multiresistant Gram-negative bacilli, including Acinetobacter spp.
(53, 73, 193-195). Using a before-and-after design, Boyce and
coworkers showed that introducing HP systems onto high-inci-
dence wards was associated with a significant decrease in rates of

B 30000000

UV irradiation has been investigated as a potential decontaminant
against environmental pathogens, including disinfection of sur-
faces, instruments, and air (185). UV light severs the molecular
bonds in DNA at specific wavelengths in order to exert its micro-
bicidal effect. UV-C light has a specific wavelength found between
200 and 270 nm (usually 254 nm), which itself falls within the
germicidal segment of the electromagnetic spectrum (200 to 320




HINS
High-intensity narrow-spectrum (HINS) light is another light-
based disinfection method that has shown wide-ranging microbi-
cidal activity (191). HINS light utilizes a narrow bandwidth of
high-intensity visible violet light with peak output at 405 nm. The
microbicidal mechanism is different from that of UV-C, in that
microbial inactivation is thought to be due to photoexcitation of
porphyrin molecules within bacterial cells. This encourages the

Antiadhesive Surfaces

One approach toward inhibiting microbial contamination is to
engineer a surface that prevents microbial adhesion to the device
or surface. This can be achieved by applying a layer of polyethylene
glycol (PEG) directly onto the surface (211). PEG-coated surfaces
create a hydrophilic interaction against hydrophobic bacterial
cells, which impedes microbial attachment. The dynamic proper-

Antimicrobial Coatings

Comparison between UV Light and Hydrogen Peroxide

Triclosan. There is a wide range of antimicrobial coatings, some of
Systems

which are commercially available while others exist only at the

HP.and uv systems have i.nev"itabljr drawn comparisons. W‘F research stage. Currently available products either are based on
devices cannot eliminate bioburden on surfaces that are not di- organic antimicrobials impregnated into a specific product, e.g.,

rectly in line with emitted light rays, but they do offer a faster  \ficyohan (triclosan), or rely on inorganic antimicrobials such as

decontamination cycle. This reduces the time period that the ionized silver (Ag") or copper in different formulations (215).
room is unavailable for patient admission (200). HP and UV de-
vices decrease microbial contamination in patient rooms, with HP
vapor delivery apparently significantly better at removing bacte-
rial spores. These differences may be influenced by exposure time
and/or intensity of emissions for both systems and require further
clarification. Whether superior sporicidal activity is clinically im-
portant is unclear, since environmental screening has shown that
the quantity of spores is relatively low on surfaces near patients
with C. difficile infection. This is also true for VRE and MRSA.
There are two recent studies, however, that both report a reduc-
tion in C. difficile incidence among patients, the first after intro-
ducing a pulsed UV system into a community hospital and the
second after using pulsed UV in a large academic medical center
(201, 202). The latter paper also reported an overall decrease in the
number of patients acquiring multidrug-resistant organisms de-
spite missing a quarter of opportunities to apply the device after
patient discharge (202).
B 3000 h




Bacteriophage-modified surfaces. There have been recent at-
tempts to apply bacteriophages to surfaces in order to control
bioburden (226). Antibiotic resistance capabilities do not neces-
sarily protect bacteria from attack by phages. Since only one phage
is required to infect a host cell in order to initiate multiple phage
production, this approach could represent an efficient way of dis-
infecting a surface. There are a number of complications, how-
ever, mainly due to the inherent specificity of a phage for a partic-
ular species of bacteria (206). While this forms the basis of

opper. oppPel Al50 TOX] O I 'IIT".'l - = AVe Deell

Silver. Both the Greeks and the Romans favored drinking ves
sels made of silver to make water potable. It is thought that silve
ions (Ag”) bind to thiol (—SH) groups present in microbial en
zymes and proteins, inactivation of which produces the desired
antimicrobial effect (208). However, Ag”™ coatings do not main
tain permanent activity despite initial effectiveness. Bacteria ca
become tolerant or even resistant to silver coatings or products

several studies examining the antimicrobial effect of coating hos-
pital surfaces with copper (207, 224). There is no doubt that both
copper and copper alloy surfaces demonstrate a profound antimi-
crobial effect. There is even one study that attributes a reduced

Light-activated antimicrobial surfaces. Another surface de-
contamination strategy is to use a coating that produces reactive
radicals. Biotoxic radicals, unlike antimicrobial agents, do not tar-
get a specific microorganism but exert nonselective effects toward
a range of microbes (228). This means that they avoid the poten-
tial problem of an organism developing resistance to a specific
treatment. There are two main types of coating that produce re-
active species and consequently display antimicrobial properties.
The first is based on a photosensitizer immobilized within a coat-
ing, and the second is a coating containing a titanium dioxide
(TiO,)-based catalyst (209, 229, 230). Both of these are classified
as light-activated antimicrobial agents.




HOW TO MEASURE CLEANLINESS

There are a number of scientific methods in use for measuring
environmental soil, since visual inspection cannot accurately de-
termine the infection risk for patients (129, 236, 237). The defini-
tion of “clean” requires a validated and risk-assessed strategy to
establish a state of “cleanliness,” rather than the subjective assess-
ment currently provided by visual inspection and clipboards
(129). Microbiological and chemical (ATP bioluminescence)
techniques have long been incorporated into a comprehensive
assessment framework utilized by the food industry, and these
techniques are now being tested in hospitals (17, 42, 236-239).

Microbiological Methods

Current microbiological standards include an overall aerobic col-
ony count and specific pathogen count for defined surface areas
health care environments (129). Aerobic colony counts of <2.5 to
5 CFU per cm?® on hand touch sites and <<1 CFU/cm? hospital
pathogen (e.g., MRSA, VRE, C. difficile, etc.) have been proposed
and tested as microbiological benchmarks (42, 43, 236-238, 241).

ATP Bioluminescence Systems

ATP bioluminescence systems are provided with various bench-
marks depending upon make and model of luminometer and the
environment to be monitored. The benchmark levels range from

25 to 500 relative light units (RLU) for 10- to 100-cm? health care
surfaces (238, 241, 247). Studies have suggested that some systems

HOW TO MEASURE CLEANING

Fluorescent Markers

There are alternative ways of assessing the health care environ-
ment, notably monitoring the efforts of cleaning staff rather than
measuring residual bioburden on surfaces. Most environmental
failures are likely due to personnel themselves, not products or
practices (254). Assessment of the cleaning process can be intro-
duced by using educational strategies, direct and indirect cleaning
inspections, observation, scientific monitoring, and feedback to
staff (17, 58, 170, 247, 255). Any form of environmental monitor-

tever an crrraldlsr sndioad her hasina Trnnmimo nbadf alihasaah b .-.I'-'l'.-..-.l-‘
ATP Bioluminescence Systems
Tangible values and trends over time from bioluminescence-
based ATP data have the advantage of immediate and potentially
longer-term feedback for housekeeping staff (260). The use of
ATP monitoring appears to have a pronounced effect on cleaners,
especially when they receive educational programs at the same
time (247). Similar to the case for fluorescent marking, house-
keeping staff react quickly to an environmental monitoring pro-

gram because they are concerned that their jobs may be at risk
(17, 58).
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FIG 3 Effect of detergent and disinfectant cleaning on total Staphylococcus
aureus (methicillin-susceptible 5. aurens [MSSA] and methicillin-resistant 5.
aureus [ MRSA]) recovered from hand touch sites on a 30-bed ward over 48 h.
This figure shows the effects of detergent (blue line) and disinfectant (red line)
on surface 5. aureus and MRSA from baseline levels over 48 h on a 30-bed acute
ward. Both types of cleaning rapidly reduced the overall staphylococcal bur-
den, but recontamination occurred more rapidly after disinfectant exposure.
The sites monitored were bedside locker, bed frame, and overbed table, and
each 48-h period for each type of cleaning was repeated three times (276).
(Adapted from reference 268.)
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Optimizing Health Care
Environmental Hygiene

Philip C. Carling, mo

KEYWORDS

* Hygienic practice » Hand hygiene e Environmental hygiene
* Optimizing disinfection cleaning

KEY POINTS

« During the past decade it has become widely appreciated that patient area environmental
surfaces play an important role in the transmission of all health care-associated patho-
gens (HAPs).

o Clarification of opportunities to have a favorable impact on such transmission has led to
new approaches for optimizing the structure and practice of health care environmental
hygiene.

« Although both hand hygiene and environmental hygiene represent basic horizontal inter-
ventions to prevent transmission of HAPs, there is a need for these 2 interventions to be
recognized as interdependent.

+ Several technologic interventions to augment environmental hygiene have been recently

developed but remain to be objectively evaluated in well-designed clinical studies.




Horizontal Health Care
Hygienic Practices

Jr

Instrument Environmental
Reprocessing, Hand Hygiene
Air, Water, and Hygiene
Design Safety l

- Surface Disinfection
Physical Cleaning
Cleaning

v \

Disinfection

Liquid Chemical

Surface
Treatments

No-Touch
Technologies

Fig. 1. The elements of horizontal healthcare hygienic practice.

Table 1

The key epidemioclogic features of HAP trans mission.

Epidemiologic Feature

References

Shedding of gastraointestinal tract colonizing
pathogens is unpredictable and
prolonged; it fluctuates; and it is impacted
by colonic flora disbiosis.

Donskey et al,’ 2000; Chang et al,'® 2009;
Sethi et al,’ 2009, Sethi et al,’” 2010;
Kundrapu etal, ' 2015; Faired etal,’” 2013;
Miles et al,'® 2015; Tschudin-Sutter et al, '
2015

Enwvironmental contamination by H.Al
pathogens is common, greatest on surfaces
closest to the patient, quantitatively
wvariable, and often sparse._

Chang et al,”™® 2011; Weber et al,”' 2010;
Donskey, 22 2013; Sitzlar et al,** 2013;
Linder et al,®* 2014; Creamer et al,** 2014

Enwvironmental contamination is almost
egually associated with colonize or infect
a recipient patients.

Guerrero et al,®% 201 3; Linder et al,*® 2014;
Kundrapu et al,'® 2015; Gavalda et al,?”
2015

Aldl common Hal pathogens survive for many
hours to months on a wide range of
patient zone surfaces.

Kramer et al,”® 2006; Dancer,'' 2014;
Munoz-Price & Weinstein,”® 2015

Health care personnel have fregquent contact
with HAP-contaminated surfaces

Guerrero et al,”® 2012; Kundrapu et al, >’
2012; Morgan et al,”® 2012; Dancer,'' 2014

Contact with the environment is as likely to
contaminate health care workers” hands.

Donskey,”® 2013; Weber et al,®" 2013;
Ferng et al,®3 2015, Thomas et al,¥ 2015

The dose of pathogen needed to
colonization or infect of a recipient with
most HAPs is typically verny lowwe.

wWeber et al,?’ 2013; Dancer,'’ 2014

Surface-contaminating HaPs range widely in
their sensitivity to chemical disinfects UWwW
light and antimicrobial surface treatments.

Rutala & Weber,®® 2014; Nerand=zic et al, =%
2015
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Efficacy of the World Health Organization—recommended @mumﬂ
handwashing technique and a modified washing technique to remove
Clostridium difficile from hands

Philippe Deschénes MDD =P, Frédéric Chano MD =P, Léa-Laurence Dionne MSc =5,
Didier Pittet MD, MSc “, ¥Ywves Longtin MD <&=*
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Key Words; Backoround: The efficacy of the World Health Organization (WHO}-recommended handwashing tech-
Clostridium difficile nique against Clostridium difficile is uncertain, and whether it could be improved remains unknown. Also,
Hand lygiene the benefit of using a structured technique instead of an unstructured technigue remains unclear.
ﬁﬁﬁﬁ:ﬁ;ﬂmm Methods: This study was a prospective comparison of 3 technigues (unstructured, WHO, and a novel tech-
nique dubbed WHO shorrened repeated [WHO-5R] technigue) to remove C difficile. Ten participants were

E:nnsg-“éfnr:ar:ﬁimﬂm enrolled and performed each technigue. Hands were contaminated with 3 = 10° colony forming units (CFLU)

Hand sanirizer of a nontoxigenic strain containing 90% spores. Efficacy was assessed using the whole-hand method. The
ASTM norm relarive efficacy of each technique and of a structured (either WHO or WHO-5R) vs an unstructured tech-
EN norm nigue were assessed by Mann-Whitney [ test and Wilcoxon signed-rank test.

Results: The median effectiveness of the unstructured, WHO, and WHO-5R techniques in logw CFU re-
duction was 1.30 (interquartile range [IQR], 1.27-1.43), 171 (IQR, 1.34-1.91), and 1.70 {IQR, 1.54-2.43),
respectively. The WHO-5R technique was significantly more efficacious than the unstructured technigue
(P=.01). Washing hands with a structured technigue was more effective than washing with an unstruc-
tured technigue (median, 1.70 vs 1.30 logp CFU reduction, respectively; P=.007).

Conclusions: A structured washing technique is more effective than an unstructured technigue against
C difficile.

i 2017 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.
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Fig 2 Dhagram comparing the sequence and duratian of the WHO hand hygiens tech-
mique with soap and water and the WHO-5R technique. The total duration of each
step is identical. WHO, Waorld Health Organization; WHO-3R, WHO shartensd re-
peated techmigoe.

Aandwasning technigques

For the unstructured technique, participants were allowed to
wash their hands as they would at home without any specific re-
quirements. They were neither monitored nor timed. For the WHO
technique, participants followed each step recommended by the
WHO, including wetting of hands (10 seconds), soaping (20 seconds),
rinsing (15 seconds), and drying of hands (15 seconds) (Fig 1).* The
entire procedure lasted 60 seconds. For the WHO-SR technigue, par-
ticipants performed the entire WHO technique over 30 seconds
rather than 60 seconds, and repeated the technique twice in a row,
so that the total amount of time spent performing each step (wetting,
soaping, rinsing, and drying) and the entire procedure were the same
as the WHO technique (60 seconds) (Fig 2). The underlying hy-
pothesis for this WHO-5R technique was thar 2 consecutive but
shorter handwashes would be more effective than a single, longer
handwash by avoiding water-soap saturation with epidermal ma-
terial (skin cells and microbes).

P o= 001
I I
P = 0.007*
3.009 | |
=
2 2.009
Eg-
8 :
=
)
(]
&3 I:'l:l
g
L
1005
-
D L L T
Unstructured WHD WHO-SR
Hand Hygiene Technigque

Fig3. Efficacy of 3 hand hygiene techniques to remove (Jostridium difficile from ar-
tificially comtaminated hands. Results ane expresssd in CAL reduction on a logarithmic
scale. The top and bottom of the box plats represent the interguartile ranges, and
the horizontal lmes represent the median values. The srror bars extend to the
maxcimum and minimum values. Dutliers are represented by single black dots. OFLL
colomy forming units; WHI, Warld Health Organization; WHO-3R. WHO shortened
repeated technique. "Comparison betwesn a structarsd technigoe (ie, WHO or WHO-
3R} and an unstructured techmigue.
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Modern technologies for improving
cleaning and disinfection of environmental
surfaces in hospitals

lohn M. Boyce

Abstract

Experts agree that carsful deaning and disinfection of emdronmental suraces are essential elements of efiedtive infection
prevention programs. Howsver, traditional manual deaning and disindection padices in hospitak are often suboptimal.
This is often due in part to a variaty of personng issues that many Environmental 2endces departments enoounter Failure
to folow manufacturers recommendations for disinfectant use and lack of antimicrobial activity of some disinfectants
agairst healthcare-assocatad pathogens may ako affect the aficacy of disinfedtion practices

Improved hydrogen peroside-based liquid suroe disinfectants and a combination product containing peracetic add and
ydrogen peroside are efiectie altermatives to disinfectants currently in widespread wse, and electrobeed water
fhypochlonous add) and cold atmcspheanic pressure plasma show potential for wse in hospitals. Oreating “sa-disinfedting”
surfaces by coating medical equipment with metals such as oopper or silver, or applving liquid compounds that have
parsistent antimicrobial activity surfaces are additional strategies that require further imestigation.

hewer “no-touch” (automated ) decontamination technologies indude asnoso| and vaporred hydrogen perosids,
mobile devices that emit continuows ultravioket (UV-C) light, 2 pulsed-senon LWV light system, and use of high-ntersity
rarmow-spectrum (405 nm} light Thess “no-touch” technobogies have besn shown to reduce bactenial contamiration
of sufaces A micro-condensation hydrogen penmedde system has been assodated in multiple studies with reductions
in healthoareassodated colonization or infection, while there is more limited evidence of infection reduction by the
pulssd-xenon system. A recently completed prospedtive randomized controlied thal of continuous LV-C light should
help determine the extent to which this technology can reduce healthcareassodated colonization and infections.

In condusion, continued efforts to improve traditional manual disinfection of surces are nesded. In addition,
Ervironmental Services departments should consider the use of newer disinfectants and no-touch decontmination
technologies to improve disindedtion of surfaces in healthcare.

Keywords: Disindection, Disinfactants, Jeaning, Ultravio ket light, UV-C, Hydogen panoide vapor
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Fig. 1 Contact agar plate cultures showing bacterial colonies recovered

from a patient's overbed table: before (ieft) and after (right) the surface Before marked surface was wiped  After marked surface was wiped
was cleaned by a housekeeper using contaminated quatemary
ammonium disinfectant Colonies on right are Serratia marcescens and Fig. 2 Photographs of a fluorescent marker visble with a *black ight" on a high touch surface before cleaning (/et), and absence of the fluorescent

Achromobacter xylosoxidans marker after cleaning was performed (right)

Step 1 Step 2 Step 3

Use special swab Place swab in Place tube in luminometer
to sample surface reaction tube Results: Relative Light Units

Fig. 3 Three steps of an ATP bioluminescence assay for monitoring cleanliness of surfaces. Step 1: a special swab is used to sample the surface. Step 2:

the swab is placed in a reaction tube and shaken for 10-15 5. Step 3: the reaction tube is placed in a luminometer and a result is reported as relative
light units (RLUs). The higher the RLU value, the greater the amount of ATP detected on the surface

-
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Cleaning, disinfection and sterilization of surface prion
contamination
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SUMMARY

Bockground: Prion contamination is a risk during device reprocessing, being difficult to
remove and inactivate. Little is known of the combined effects of cleaning, diEinfection
and sterilization during a typical reprocessing cycle in clinical pactice.

Aim: To investigate the combination of cleaning, disinfection and/or sterilization on
reducing the risk of surface prion contamination.

Methods: In vivo test methods were used to study the impact of cleaning alone and
cleaning combined with thermal disinfection and high- or low-temperature sterilization
processes. A standardized test method, based on contamination of stainless steel wires
with high titres of scrapie-infected brain homozenates, was used to determine infecthrity
reduction.

Findings: Traditional chemical methods of surface decontamination against prions were
confirmed to be effective, but extended steam sterilization was more variable. Steam
sterilization alone reduced the risk of prion contamination under normal or extended
exposure conditions, but did show significant varation. Thermal disinfection had no
impact in these studies. Cleaning with certain defined formulations in combination with
steam sterilization can be an effective prion decontamination process, in particular with
alkaline formulations. Low-temperature, gaseous hydrogen peroxide sterilization was also
confirmed to reduce infectivity in the presence and alsence of cleaning.

Conclusion: Prion decontamination is affected by the full reprocessing cycle used on
contaminated surfaces. The correct use of defined cleaning, disinfection and sterilization
methods as tested in this report in the scrapie infectivity assay can provide a standard
precaution against prion contamination.

i 2013 The Healthcare Infection Society. PublEhed by Elsevier Ltd. All rights reserved.




Table |
In wvivo surface results with pricns: controls

Test conditions Total death/total % transmission Incubation time Estimated logqg
tested (mean + SD) reduction®

1M MaOH, 1h 012 0 =365 =5.1

2.5% MaOCL, 1h 0/8 0 =365 =5.1

Steam sterilization at 134 °C, 18 min (1) 710 J0 197 + 99 4.4 (3.8—4.7)
Steam sterilization at 134°C, 18 min (2) 0/11 0 =365 =5.1

0.15 M MaOH, 1 h, 25°C 611 55 230 + 81 4.4 (4.2-5.1)
Steam sterilization at 134 °C, 4 min (1) 8/8 100 207 + 59 3.5 (3.1—4.0)
Steam sterilization at 134 °C, 4 min (2) 3/8 37 245 + 66 4.8 (4.2—-5.1)

* Differences in the estimated log reductions can vary based on positive controls.™ Log,, reductions are estimated based on the specific
series of parallel positive controls used in that batch of infectivity tests.

T L T o C i s e | marvtp Rre or ot —
Table Il
In vivio surface results with prions: tests
Test comditions Total death/total % transmBssion Iinsousba H Etimated log
Cleaning Disinfection/sterilization tested time imean +50)  reduction”
Prolystica 2X Enzymatic Hf & 8/8 100 107 + 6 <1
0.4%, 50°C, 15min
Prolystica 2X Enzymatic Hf & 8/8 100 110+ 8 -2
04, 50°C, 30min
Prolystica 2X Enzymatic Disinfection at 90°C, 2 min 878 100 1065 + 4 <1
0.4%, 50°C, 5min
Prolystica 2X Enzymatic Steam sterlization 417 57 294 L 83 A4 (3.5-5.0)
0.4%, 50°C, 15min at 134°C, 4 min
Hama-100 0.8%, HrA T o =500 1.9
43°C, 7.5 min
Hamo-100 0.4%, 55°C, Smin N/ A 47 5 208 £ 77 a4 (3.5-5.0)
Hama-100 0.2%, 55°C, Smin M/ A 878 100 193+ 78 18
Hamo-100 0.2%, 55°C, Smin  Steam stenlization a5 1] =540 =51
at 134°C, 4 min
Proflenz-One 0.8%, LY 06 1] =365 =51
25°C, 10min
Prolystica 10¢ Alkaline HiA /5 A0 3L 160 48 (4.2-57)
0.16%, 65°C, Zmin
Proystica 10 alkaline Steam sterilization i3 1] =540 =51
0.16%, 65°C, Zmin at 134°C, 4 min
Prolystica 10 Alkaline Hf & 8/8 100 113 £15 0
008K, 65 °C, Smin
Prolystica 10 alkaline Steam sterlization 06 1] =540 =51
0.08%, 65°C, Smin at 134°C, 4 min
Walsure Alkaline 2.4%, HA 66 100 322 £ 114
65°C, 5min
Valaure Alkaline 2.4%, Steam sterlization /8 1] =540 5.1
&5°C, Smin at 134°C, 4 min
Prolystica 2X alkaline N B/8 100 118+ 9 21
0.4%, 65°C, 5min
Prolystica 2X alkaline Steam sterlization 2T o 395 4+18 4.9 (4.5—5.6)
0.4%, 65°C, 5min at 134°C, 4 min
HiA W Pro 1 half-cycle 1410 10 370 5.3 (4.9—467)
(lumen cycle)
Pralystica 2X Alkaline ¥ Pro 1 (non-lumen cyde) 05 1] =50 5.6

0.4%, 65°C, Smin

Hi A, nat applicable.
* Differences in the estimated logp redue tions can vary based on pasitive contrals.”” Logyg reductions are estimated based on the specific
series of paralie] poitive controk used in that batch of infectivity tests.
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Fundamentals of prions and their inactivation (Review)
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Abstract. Prion is an infectious particle composed of an
abnormal isoform of the prion protein (PrP%) and causes prion
diseases such as bovine spongiform encephalopathy (BSE),
Creutzfeldt-Jakob disease (CID) and scrapie. Host cells express
cellular prion protein (PrPC), which plays roles in normal
functions such as anti-oxidative stress. PrPse 1s denived from
PrP¢ and produced by conformational conversion. Prion is
notorious as a resistant pathogen, being difficult to inactivate
with conventional sterilization procedures. Therefore, to prevent
prion-caused 1atrogenic diseases, the use of appropriate proce-
dures to mactivate prions 15 important. For examples, alcohol
treatment, autoclave (121°C, 20 min) and y-ray irradiation, which
are used for disinfection, antisepsis or sterilization of viruses and

hacteria_are not effective agamnst prion This 15 a fmndamenta

review of prions and methods of their inactivation.




Table II. Characteristics of PIP* and PrPs.

] = =

\ I Resistance to protease Low High
Distmibution in cell Cell surface Intracell
” GPI anchor Present Present
Release from cell Positive Negative
surface by PIPLC
‘l’ Half life 3-6h =24 h
Solublity High Low
- Conformation 42% o-helix, 30% o-helix,
3% [i-sheet 43% p-sheet

Infectivi Negative Positive
Figure 2. Conformational change of the cellular isoform of prion protein ty &

({PrP~) to an abnormal isoform of prion protein (PrP%). After infection, PrP= . . . .

is converted into PrP=:. PrP= ageregates. inducing the deposition of prion P'I_P"-‘, ce]lula; isoform of prion pcnte:ul: PrPf"‘, al_:mormal isoform of
protein (PrP) in the brain. The accumulation causes the death of neurons. prion protein; GPI. glycosylphosphatidyl inositol; PIPLC. phos-
In addition, loss of PrP® may contribute to the pathogenesis. because PrP~ phatidyl-inositol specific phospholipase C.

plays a role in anti-oxidative stress, calciom homeostasis, circadian rhythms,

spatial learming, and memory.

Uninfected Infected

Wistara / 33-35kDa

Blotting

with -‘\

anti-PrP Ab 27-30kDa
PK () (0 PK (O (+)

Figure 3. Diagnostic methods for prion infections. For the diagnosis of prion diseases, brain fissue is used. Therefore, the diagnosis is post-mortem. Most
methods of diagnosing prion diseses are based on the characteristics of PrP5, which 1s resistant to proteinase K (PK). PK completely degrades PrPc but only
partially digests PrP* because PrP** makes aggregates and those cores remain. After the treatment, Western blotting and enzyme-linked immunosorbent
assay (ELISA) with anti-PrP antibody detect PK-resistant PrP, when PrP*« is included in the sample. As the N-terminal region of PrP* is digested with PK(),
PK-resistant P1P (27-30 kDa) shows a shift to a lower molecular weight compared to untreated PrP(-) (33-35 kDa) in Western blotting.




Figure 4. Western blotting and immunchistochemistry (IHC). (A) PrP
from brain membranous fractions of uninfected mice (uninfected) and
terminally diseased mice intracerebrally inoculated with Obihire-1 prions
(infected) was detected by Western blotting with anti-PrP antibody, 6H4 and
horseradish peroxidase (HRP}-conjugated anti-mouse IgG. Each fractien
was treated (+) or not (-) with PK. Modified from Fig. 1 in Inoue er al (30)
with permission from the National Institute of Infectious Diseases. (B)
Immunohistochemistry of the brains of terminally prion-diseased mice
infected with Obihiro-1 prions. PrP was detected by an anti-PrP antibody,
6H4. Vacuolation and PrP deposits were seen. Courtesy of Dr Yuji Inoue
(Department of Virology, Center for Infectious Disease Control, Research
Institute for Microbial Diseases, Osaka University, Japan).

Table II1. Effective treatment on mactivation of prion.

Treatment Refs.
NaOC1 (20000 ppm., 20°C. 1 h) (39)
NaOH (1 N, 20°C. 1 h) (39)
Autoclave under soaked condition in water (134°C. 18 min) (39%
Alkaline detergent (1.6% . 43°C_ 15 min) (39)
Phenolic disinfectant (5%, 20°C, 30 min) (39)
3% SDS, 100°C, 10 min (51}
T M gnanidine hydrochloride (room temperature, 2 h) (31
3 M guanidine thiocyanate (room temperature, 2 h) (51)
3 M trmichloroacetic acid (room temperature, 2 h) (51)
60% formic acid (room temperature, 2 h) (51
50% phenol (room temperature, 2 h) (51)
Enzymatic detergent (0. 8%, 43°C, 5 min) + hydrogen peroxide gas plasma sterilization (1.5 mg/, 25°C, 3 h) (39%
Vaporized hydrogen peroxide (2 mg/, 30°C, 3 cycles) (39)

* Antoclaving with no soaking in water 1s insufficient for prion inactivation (dry conditions cause diffienlty In inactivation) (39 52)_ *Enzymatic
detergent (0.8%, 43°C, 5 min} + autoclave (121°C, 20 min), only enzymatic detergent (0.8% . 43°C, 5 min), only peroxyacetic acid (0.25%,
55°C, 12 min), only vaporized hydrogen peroxide gas (1.5 mg/. 25°C, 3 h), or enzymatic detergent (0.8%, 43°C, 5 min) + vaporized hydrogen
peroxide gas (1.5 mg/, 25°C, 3 h) are insufficient for prion inactivation. SDS, sodium dodecyl sulfate.
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Enzymatic detergent treatment protocol that
reduces protease-resistant prion protein load and
infectivity from surgical-steel monofilaments
contaminated with a human-derived prion strain

Victoria A. Lawson, James D. Stewart and Colin L. Masters

Comespondence Department of Pathology, The University of Melbourne and Mental Health Research Institute,
Vickosia A Lawson Parkille, Victoria 3010, Australis
whinw soni@unismaibeduau

The uncomventional neture of the infectious agent of prion disesses poses a challenge to
conventional infection control methodologies The extraneural tissue distrbution of vanant and
sporadic Creutrfeldt-lakob disease has increased concem regarding the nsk of prion disease
transmission via general surgical procedures and highlightad the need for decontamination
procedures that can be incorporated into routine processing. In this study, the ability of
preparations of enzymatic medical instrument cleaners to reduce the infectvity associated with a
rodent-edapted strain of human prion disease, previoudy reported to be resistant to
decontamination, wes tested. Efficient degradation of the disease-associated prion protein by
enzymatic cleaning preparations required high treatment temperatures (50-680 *C). Standard
decontamination methods (1 M N2OH for 1 h or sutoclaving at 134 *C for 18 min) reduced
infectiaty associated with the human-denved prion strain by less than 3 logg LDsg. In contrast, &
30 min treatmant with the optimized enzymatic cleaning preparation protocols reduced infectivity
by more than 3 log, g LD5, and when used in conjunction with autoclave cycles eliminated
detectable levels of infectivity. The development of prion decontamination procedures that are
Recsived 1 March 2007 compatible with routine cleaning and stenlzation of medcal and surgical ingruments may reduce
Accepted 11 June 2007 the nsk of the transmizsion of pnon disease in general surgary.




Table 2. Efiect of chemical and physical treatment methods on the infecthty sssociated with
M1000 prion-contaminated surgical steel wires

bogw dode wad cakeulsted by incubstion tme nterval asay from the dose titration curve shown in Fig. 6(a).

Treatment Mean meubation Total deathyioial log, 5 reduction
period in days (s0) number
My pea tment 7103 /4 1]
1 M N2OH 130 (19) 99 27
121 °C 20 min 106 (2) 10 16
134 °C 3 min 104 (3) LT 15
134 °C 18 min 120 (5) 110 22
RMEC A 1%, 50 °C, 30 min 204 (18)* 8/ 10 =4.5%
RMEC B 0L3%, &0 “C, 30 min 147 (131 610 =35%
RMEC B protocol+ 134 °C 3 min 166 1104 =434
BMEC B protocel+ 120 °C - 10 =5
20 min

*Tinculation tme was significantly extended bevond that of mice implanted with untreated wires (*P =< 0.001,
tP < Q5]

FOne mowse in exch of these groups was culled with an intercurrent illnes 300+ days post-imp lntation.
These mice mrq:ﬂufar?r?":rﬂ]uubﬁm incheded in the analyeis a8 non-clinlcal mice,

glog reduction is shown a8 =value to indicate the survival of some mice in these groups.
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Normal gut micro
and behavior

ochellys Diaz Heijtz*®', Shugui Wang®, Farhana Anuar®, Yu Qian®®, Britta Bjorkholm®, Annika Samuelsson®,
Martin L. Hibberd®, Hans Forssberg®®, and Sven Pettersson“®"’
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Fig. 5. Expression profiling of GF mice and SPF mice brains. A heatmap of genes showing statistically significant (g < 5%) and fold change (>2) differences,
between SPF (n = 6) and GF (n = 5) mice in the hippocampus (A), frontal cortex (B), and striatum (C). Each row represents the relative levels of expression of
a single gene across all mice; each column represents the levels of expression for a single mouse. The colors red and green denote high and low expression,
respectively. Differentially expressed genes were investigated for functional clustering by using Ingenuity Pathway Analysis software for canonical pathways
Neocortex (D), as described in Experimental Procedures.
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Diet-induced extinctions in the gut microbiota
Compouﬂd over geﬂeratlons NATURE | VOL 529 | 14 JANUARY 2016

- La OBESIDAD DURANTE EL EMBARAZO aumenta el riesgo de

AUTISMO en ratones. Esto se correlacionaba con la flora intestinal de

la madre y las crias.
- Mezclando crias normales con aquellas con un comportamiento
alterado, se normalizo la floray el comportamiento de los animales.

- Una sola especie bacteriana, Lactobacillus reuteri, fue suficiente para
revertir el comportamiento anormal de los ratones.

- L. reuteri produciay liberaba Oxitocina (rol importante en el
comportamiento social y de vinculos interpersonales).

- Transtornos del espectro autista (en EE.UU. 1 de cada 40 nifios):
autismo, syndrome de Asperger y transtornos generalizados

del desarrollo.



Microbial regulation of microRNA
expression in the amygdala and
y prefrontal Corte}{ Hoban et al Microbiome (2017) 5:102

DOl 10.1186/540168-017-0321-3

- '
P
”

EL ESTRES NEONATAL PRODUCE CAMBIOS EN LA FLORA
INTESTINAL QUE REPERCUTE EN EL FUNCIONAMIENTO CEREBRAL
INDUCIENDO PROBLEMAS DE ANSIEDAD, DEPRESION,
TRANSTORNOS COGNITIVOS Y DE SOCIABILIDAD.

ESTOS FENOMENOS SE CORRELACIONARON CON LA AUSENCIA O
ALTERACIONES DE LOS MICRO-ARNs EN AMIGDALA (procesamiento
de las emociones) Y EN EL CORTEX PRE-FRONTAL (rol en el control
de las emociones impulsivas, planeamiento y comportamiento) DEL

CEREBRO.

CUANDO SE NORMALIZABA LA COMPOSICION DE LA MICROBIOTA,
SE NORMALIZARON LOS NIVELES DE LOS miRNAs Y LOS
PROBLEMAS DE COMPORTAMIENTO DE LOS ANIMALES.

SOLAMENTE EN EE.UU. HAY 40 MILLONES DE PERSONAS CON ESTE
TIPO DE PROBLEMAS.




% Human Gut-Derived Commensal Bacteria Suppress
~ CNS Inflammatory and Demyelinating Disease

4 Mangalam et al., 2017, Cell Reports 20, 1269-1277
August 8, 2017 © 2017 The Author(s).

The human gut is colonized by a large number of mi-
croorganisms (~10'® bacteria) that support various
physiologic functions. A perturbation in the healthy
gut microbiome might lead to the aeve

inflammatory diseases, such as

D -' Iﬁﬁa;mm;;ion (MS). Therefore, gut commensals
f?ﬁa and promising therapeutic options for treating MS and
demyesnation other diseases. We report the identification of human

gut-derived commensal bacteria, Prevotella histi-
cola, which can suppress experimental autoim-
mune encephalomyelitis (EAE) in a human leukocyte
antigen (HLA) class Il transgenic mouse model.
P. histicola suppresses disease through the modula-
tion of systemic immune responses. P. histicola chal-
lenge led to a decrease in pro-inflammatory Th1 and
Th17 cells and an increase in the frequencies of
CD4*FoxP3" regulatory T cells, tolerogenic dendritic
cells, and suppressive macrophages. Our study pro-
vides evidence that the administration of gut com-
Tolerogenic DCs mensals may regulate a systemic immune response
and may, therefore, have a possible role in treatment
strategies for MS.




RESEARCH ARTICLE

The Nasal and Gut Microbiome in Parkinson’s Disease and ldiopathic
Rapid Eye Movement Sleep Behavior Disorder

Movement Disorders, Viol. 00, No. 00, 217

LAS PERSONAS CON PARKINSON POSEEN UNA FLORA INTESTINAL
ALTERADA.

ANOS ANTES DE QUE EL PARKINSON SE MANIFIESTE LINICAMENTE,
LA PERSONAS MANIFIESTAN PROBLEMAS INTESTINALES.

PERSONAS CON PARKINSON POSEEN UN MENOR CONTENIDO DE
BACTERIAS DEL GENERO PREVOTELLA ¢ES ESTO CAUSA O
CONSECUENCIA?

EXISTE LA POSIBILIDAD DE QUE LA ENFERMEDAD DE PARKINSON
COMIENCE FUERA DEL CEREBRO. Infeccion nasal y/o
gastrointestinal, plegamiento incorrecto de la alfa-sinucleina,

propagacion por las neuronas, su agregacion y muerte (cuerpos de
Lewy). En EE.UU. SE SUMAN AL ANO 100.000 PERSONAS CON

PARKINSON. ¢ESTAN EL ALZHEIMER Y EL PARKINSON
RELACIONADOS A LAS ENFERMEDADES
PRIONICAS?
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¢, CUANDO ADQUIRIMOS NUESTRA
FLORA INTESTINAL?

¢ CUAL ES EL ORIGEN DE ESTA
FLORA INTESTINAL?
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DURANTE EL placentay el 5
EMBARAZO liquido /s~ AT
BACTERIA VRN, N avicnico

CORDON

2 ' S '\  UMBILICAL

EN EL MOMENTO DEL PARTO
POR LA FLORA VAGINAL DE
LA MADRE

El parto por cesarea se asocia con
problemas de salud a futuro: asma, alergias,
enfermedad celiacay eczemas




LUEGO DEL
NACIMIENTO

ADQUIRIMOS

PARTE DE LA
FLORA A
TRAVES DEL
AMAMANTA-
MIIENTO

Host/Mother/Infant
Genetics, Microbiome
Diet/geographical location
Type of microbiota and health
Duration of breastfeeding
Colonization process
Compliance/adherence

NEUROMICROBIOLOGIA
Microbiota intestinal y sus efectos
sobre el sistema nervioso y

longevidad

Probiotic and its Genome
Strains vary
Dose/administration time
Viability usually poorly assessed
Gene expression

Exposure to food

Environment

Mode of delivery
Transfer of microbiota
Feeding regimens
Antibiotics

Toxins

Environmental exposure




POR ULTIMO
DEL MEDIO
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Exposure

Gut microbiome

Immune system

Formula-only diet
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Altered microbia
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SON 4 FACTORES
QUE AFECTAN

LA FLORA
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INFANTE Y EL
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INMUNOLOGICO Y
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LA DIETA DE LA PERSONA TAMBIEN CUMPLE UN ROL CLAVE EN LA COMPOSICION DE LA
FLORA INESTINAL.

UNA DIETA RICA EN GRASAS Y POBRE EN FIBRAS PRODUCE UNA DISMINUCION EN LA
DIVERSIDAD MICROBIANA DE LA FLORA DE LA PERSONA.

ESTO SE ASOCIA FUERTEMENTE A UNA MENOR SALUD DEL INDIVIDUO
AFORTUNADAMENTE ESTO ES REVERSIBLE CAMBIANDO LA DIETA
S| LA DIETA NO SE CAMBIA, ESTA POBRE DIVERSIDAD MICROBIANA ES TRANSMITIBLE A LA

DESCENDENCIA
( . ‘ \ AN \ NAN [ NN / : @ "\ —Diverse microbiota
\ ol '.‘:e 000 0 ® g0 :-_:,c?,;;.s._‘:, _ /  —Intact intestinal barrier (epithelial cells and mucin)
\ a4 ;::6:1‘-,. e s | ey REC — ‘Bactenophage adherence to mucus’ model of protection
HOMEOSTASIS : 0\ ® _ il 4 » Y x ..¢ — Controlled activation of mmune system
L B ¢ Diet >
e i 3
Tolerance o™ "“. Nutntu:\nga el Stakes ‘ @ - Health
" Lifestyle -
Inflammation o” ® & | Medication : 0 Disease
.".9 d~. o Immune status ! ® ¢\
DYSBIOSIS Environment o s e .

— Altered prokaryotic and phage populations
—Impaired intestinal barmer

—Dysregulated activation of immune system

— Introduction of microbial components to host system



MICROBIOME
PROJECT

Microbiomes

project to gather and
sequence DNA from the
thousands of microbe

EL SER HUMANO NO ESTA CONFORMADO UNICAMENTE POR
CELULAS HUMANAS SINO TAMBIEN POR CELULAS
BACTERIANAS: SOMOS UN HOLOBIONTE

POR CADA CELULA

PROYECTO MICROBIOMA HUMANO | i uMANA DE
SECUENCIACION DE LOS GENES | NUESTRO CUERPO

TOTALES DE NUESTRA FLORA
COMENSAL

species living inand on -

the human body has
cmpleted work on 369
species to date

PORTAMOS 10
BACTERIAS

Line tips represen
bacterial species
from genetic
surveys. Lines
show relationships
among species.
Only a few had
been sequenced.

Circles highiight the species
that have been sequenced
by the project. THE. NEW YORK TIMES




.. ‘Interactlons between the microbiota,
' |mmune and nervous systems In health
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DENTRO DE LA FLORA INTESTINAL ESTAN LOS PROBIOTICOS
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., QUE ENTENDEMOS POR
PROBIOTICO ?

A L o sprobioticos son  microorganismos
VIVOS que, Ingeridos en una cantidad
adecuada, deben llegar vivos a su sitio de
accion  (mucosas) y  producir efectos
beneficiosos sobre l|a salud del que los

consume mas alla del aporte nutricional
Intrinseco de esos microorganismos  (por
ejemplo ser fuente de aminoacidos vy
vitaminas Yy participar del catabolismo de
los nutrientes | nger i doso




(,QUE MICROORGANISI\/IOS SON PROBIOTICOS’7 }

el T Y"W

. LAS BACTERIAS LACTICAS O LACTOBACILOS |
SON LOS PROBIOTICOS MAS COMUNES :
o i, S S T T ¥ I T

¢ CUALES SON LOS PRINCIPALES PROBLEMAS

CON ELLAS?
#]U SUPERVIVENCIA DEL PROBIOTICO EN EL PRODUCTO

. i INFRAESTRUCTURA DE CADENA DE FRIO

U ACEPTABILIDAD DEL PRODUCTO

| COSTO (PRECIO)

{ i ;:CUANTO PROBIOTICO DEBO CONSUMIR?




UNA NUEVA ALTERNATIVA: LAS BACTERIAS
FORMADORAS DE ESPORAS COMO PROBIOTICOS DE
NUEVA GENERACION

BACILLUS SUBTILIS

CELULA VEGETATIVA
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U Resistengla a las temperaturas ’extremas, p 4
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LOS PRINCIPALES PROBLEMAS DE LOS
PROBIOTICOS LACTICOS ESTAN

SOLUCIONADOS CON LAS ESPORAS

SUPERVIVENCIA DEL PROBIOTICO EN EL PRODUCTO
INFRAESTRUCTURA DE CADENA DE FRIO
ACEPTABILIDAD DEL PRODUCTO

COSTO (PRECIO)
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EFECTOS DE B. SUBTILIS COMO PROBIOTICO
EN MEDICINA
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IMMUNIZACION CONTRA INFLUENZA (H5N2)
CON ESPORAS SOLAMENTE
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Caenorhabditis elegans
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Development and use of microbial-based cleaning products (MBCPs):
Current issues and knowledge gaps

George Arvanitakis®”, Robin Temmerman”, Armin Spok*

“ Health Canada, 269 Laurier Ave. W, Ottawa ON K 14 0K9, Canada
b Chrisal NV/SA, Prieser Daensstmar 9, 3920 Lommel, Belgium
* Alpen-Adria Universitit Klagenfurt, Wien-Graz, Schifgelpasse 2, A-8010 Graz, Ausiria

ARTICLE INFO ABSTRACT

Keywords: Cleaning products containing microbes as active ingredients are becoming increasingly prevalent as an alter-
Cleaning products native to chemical-based deaning products. These microbial-based cleaning products (MBCPs) are being used in
Microbial domestic and commercial settings (Le., households and businesses) and institutional settings (e.g., hospitals,
Heslth risks schools, etc.), in a variety of cleaning activities (hard surface cleaning, odour control, degreasing, septic tank

Ecolabel
Rizk assessment

treatments, ete.). They are typically described as “environmentally friendly” and “non-toxic”. Publicly available
information sources (scientific literature, patent databases, commercial websites) were searched for information
on microbial species contained in MBCPs, their mode of action, cleaning applications in which they are used, and
their potential impacts on human health and the environment Although information was found providing a
broad indication of microbial genera/species used, information on specific species/strains and quantities pro-
duced and sold is generally lacking. This makes it difficult to conduoct a meaningful examination of any risks to
himan health and the environment from the production and use of MBCPs and to determine how effiective
current policies and regulatory frameworks are in addressing these issues. These and other challenges were
addressed at an international workshop in Ottawa, Canada in June 2013 by a number of stakeholders, including
ndustry, government, academic and non-governmental organizat ons,
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RESEARCH ARTICLE

Impact of a Probiotic-Based Cleaning
Intervention on the Microbiota Ecosystem of
the Hospital Surfaces: Focus on the
Resistorne Remodulation

Background

Contamination of hospital surfaces by clinically-relevant pathogens represents a major con-
cem in healthcare facilities, due to its impact on transmission of healthcare-associated
infections (HAls) and to the growing drug resistance of HAl-associated pathogens. Rou-
tinely used chemical disinfectants show limitations in controlling pathogen contamination,
due to their inefficacy in preventing recontamination and selection of resistant strains.
Recently we observed that an innovative approach, based on a cleanser added with spores
of non-pathogenic probiotic Bacilli, was effective in stably counteracting the growth of sev-

eral pathogens contaminating hospital surfaces.
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Probiotics as sustainable sanitizing agents
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of all hospitalized patients. Persistent microbial con-
tamination of hospital surfaces has been suggested
to contribute to HAls onset, representing a reservoir
for hospital pathogens. On the other hand, conven-
tional chemicals-based sanitation do not prevent
recontamination and can select drug-resistant
strains, resulting in over 50% of surfaces persis-
tently contaminated. There is therefore an urgent
need for alternative sustalnahle and effective ways

sion. Toward this goal, we recently reported that a
probiotic-based sanitation can stably decrease sur- -4 -3 -2 -1 0
face pathogens up to 90% more than conventional Log fold change (PCHS vs chemical cleanser)

disinfectants, without selecting resistant species. T —

results.

~ o\

Fig. 1. Impact of the probiotic-based microbial cleaning on microbiota contaminating hospital surfaces.

A. PCHS effect on Gram-positive (Staphylococcus spp.) and Gram-negative (Enterobactenaceae spp.) pathogens amounts on treated surfaces
after 1, 2, 3, 4 months of PCHS continuous sanitation (TO values are those obtained with chemical sanitation); results are expressed as median
CFU counts per m~.

B. PCHS effect on the R genes of the whole residual microbiota (resistome) after 1-4 months of PCHS sanitation; results were obtained by
PCR microarray and are expressed as of log fold change in R genes compared to the values detected at TO; mean values of the 4 months +
SD are reported.
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for hospital pathogens. On the other hand, conven-
tional chemicals-based sanitation do not prevent
recontamination and can select drug-resistant
strains, resulting in over 50% of surfaces persis-
tently contaminated. There is therefore an urgent
need for alternative sustainable and effective ways
to control pathogens contamination and transmis-

The system, named Probiotic Cleaning Hygiene System
probiotic-based sanitation can stably decrease sur- §(PCHS) and including three Bacillus species (B. subtilis,

face pathogens up to 90% more than conventional
disinfectants. without selecting resistant speci

This paper summarizes some of our most significant  Thus, we implemented a microbiological surveillance

results. for Bacillus in the healthcare structures continuously
using PCHS up to 4 years, analysing for Bacillus pres- -3 -2 -1 0
ence all the clinical samples derived from hospitalized Log fold change (PCHS vs chemical cleanser)
patients. Over 32 000 clinical specimens from subjects T

with and without HAls were analysed, and no positive

samples were found (Caselli et al., 2016b), even using

highly sensitive molecular techniques (Caselli ef al.,
2016a,b), suggesting that probiotic Bacilli do not repre- u {
sent an infectious risk even in the particularly susceptible

hospitalized patient. C

Fig. 1. Impact of the probiotic-pased microbial cleaning on microbiota contaminating hospital surfaces.

A. PCHS effect on Gram-positive (Staphylococcus spp.) and Gram-negative (Enterobacteraceae spp.) pathogens amounts on treated surfaces
after 1, 2, 3, 4 months of PCHS continuous sanitation (TO values are those obtained with chemical sanitation); results are expressed as median
CFU counts per m®.

B. PCHS effect on the R genes of the whole residual microbiota (resistome) after 1-4 months of PCHS sanitation; results were obtained by
PCR microarray and are expressed as of log fold change in R genes compared to the values detected at TO; mean values of the 4 months +
SD are reported.
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