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ABSTRACT
Chernical disinfectants are used extensivety in hospitals and other health care settings
for a vanety of hard-surface applications. The widespread use of chemical disinfectants has
prompted some speculation that there may be a link between disinfectant resistance and
antibiotic resistance.

This type of link could have significant implications regarding

nosocornial infections. The aim of the study was to evaluate whether such a link exists in
bacterial strains that have been responsible for hospital outbreaks. We acquired several
different bactenal species that were resistant to multiple antibiotics and had caused severe
nosocornial outbreaks. These were compared to counterparts of the same species that were
antibiotic susceptible strains. The cornpanson was performed using surface cam-eras well as
suspension testing. Because patient secretions may pro tect s u ~ * v aofl organisms in the
hospital setting, we incorporated an organic challenge in our test model.
The Surface Carrier Test aIlowed us to determine the efficacy of the disinfectant and
l
of bactena on a polyvinyi chloride lumen carrier. The camer
the difference in s u ~ v arates
introduced a physical challenge because the organism was dried onto the surface in the
presence of an organic challenge (ATS). This affects how readily the disinfectant reaches the
bacteria. Quantitative measurements ofthe residual bacteria were then taken after disinfectant
exposure. The Suspension Test allowed us to determine the efficacy of the disinfectant with
no physical baniers (ie. surface vs. suspension). The suspension test was essentially a growth
curve of the bacteria in the presence of varied disinfectant concentrations over a 24-hour time
h e . Bacterial replication was detected using absorbante measurements. To correlate our

experimental data to actual in use issues, in-use data measurements were taken to establish
redistic contact times and these contact times ( 1 mi-n. and 10 min.) Were then used in the
surface camer test to re-evaluated disinfectant efficacy.
Results ofthe Surface CarrierTest showed that 0.5% sodium hypochloriteand 0.04%
hydrogen peroxide were the most effective and least effective disinfectants, respectively- The
Modified Surface Carrier Test revealed a close Iink between the reduced disinfectant contact
time and an increased abiiity of the test bactena to survive. The Suspension Test
demonstrated that 3% hydrogen peroxide was the most effective for killing a wide range of
bactenai strains, even at a 1:128 dilution.
Our data for surface carrier and suspension tests indicated that even in the presence
of an organic challenge. the multiple antibiotic resistant pathogens were not any more

resistant to disinfectant killing compared to susceptible strains of the sarne species.

LITERATURE REVIEW
1. Introduction
i) Histoncal Perspective

Aithough the scientific application of disinfectant and stenlants is Iimited to the past

150 years, empinc practices date back to ancient times ofthe Romans, Greeks and lews (1 4).
The first disinfectant, circa 800 BK., to be reported was sulfur dioxide. It was described in
Homer's The Udyssey XX7/ when Odysseus retumed home afker a long absence, killed his
wife's suitors and disposed ofthe bodies. He bumed the sulphur to produce sulphur dioxide
to disinfect the a x a where the killings took place.

Suiphur dioxide was used in this way

during the Great Plajues of the middle ages and it is still used as a disinfectant to this day.
The eighteenth century ushered in the age of chemistry and a whole new set of
chemical disinfectants emerged.

in 1774, Swedish chemist, Scheele. discovered the

disinfectant propenies of chlonne, followed by the discovery of hypochlorites in 1789.
Phenols were discovered in L834 and used as a disinfectant a few years later. In 1858.
English physician, Richardson discovered that hydrogen peroxide could eliminate fou[ odors
and proposed its use as a disinfectant while the disinfectant use of quatemary ammonium

cornpounds did not take place until 1935 .
The 20th century has brought us many great advances in chemistry, particularly,
organic chemistry and with that has brought us many new disinfectants that have becorne
invaluable to us in healthcare settings, industry and right in Our own homes.

ii) Infection Control and Disease Transmission
Approxïmately, 5-10% of the 35 million patients annually adrnitted to hospitals,
acquire an infection while hospitalized (57, 135, 5 1). Infections in hospitalized patients can
arise fiom an endogenous source meaning that the infection was caused by mi-croorgankms
already present in the patient before admission. NosocomiaI infections can also be transmitted
to and from patients and hospital staE Hospital infections can also result from improperly
processed medica1 devices. Due to the increasing numbers of nosocomîal infections, concem
over prevention has also increased. Appropriate measures for sterilization and disinfection
are key factors in reducing the spread and incidences of hospital-acquired infections.
A biocide is a generai terrn indicating a chernical agent that is capable of inactivating

microorganisms.

Within

the range of biocides, there are three distinct groupings.

Antibiotics refer to naturally occurring or synthetic organic substances which inhibit or
destroy selective m*croorganisms. Antibiotics are usually active in Iow concentrations and
adrninistered to patients either intravenously or orally. Antiseptics are biocides that inhibit
or destroy microorganisms in or on Living tissue. Antiseptics are used in hand washing agents
and in preoperative skin preparations. Disinfectants are quite similar to antiseptics but refer
to their use on inanimate objects or surfaces (78). Sterilants are very similar to disinfectants
as they are utilized on inanimate objects and surfaces but are different in that they are able to
destroy al1 living organisms present. Disinfectants may ais0 be sterilants when the disinfectant
is used at higher concentrations and/or prolonged exposure times. Antiseptics, chernical
disinfectants and stenlants are used at much higher concentrations than antibiotics.
A great nurnber of disinfectants and stenlants are used extensively in hospitals and

other healthcare settings. They are an essential part of infection control practices and aid in
the prevention of nosocornial infections (69'). The necessity for appropriate disinfection and
sterilizationprocedures has been emphasized by numerous articlesdocumenting infection after
improper decontamination of medical devices.
A hospital outbreak of Achietobacttzr baimarmii was reponed and associated with

contaminated respiratory equipment and intravascular access devices (76). Between July 1987
and January 1998, five patients receiving long terni hemodiaiysis developed systemic

Mycobacferiirm chelorme abscesmss ifictions

(63)

Transmission was linked to

contaminated water used in the dialyzers. Troper disinfection of the diaiyzers could have
prevented this outcorne. In 1993, 12out of2.3 patients in a dialysis centre in Columbia, South
America, tested positive for the human immunodeficiency virus (HIV) antibody (63).
DiaIyzers were rep rocessed using 5% formaldehyde and were reused only on the same patient.
Access needles on the other hand, were Bushed with saline, soapy water and saline again and
reprocessed by soaking the needles in a Iow-leveI disinfectant, 0.15% benzakonium chloride.

These needles were then used between dif5erent patients.
iii) Medical Device Reproeessing

Failures in disinfection and sterilization of medical devices may entai1 significant
institutional costs, patient morbidity and even mortality. Proper cleaning, disinfection andlor
sterilization of medical devices are imporîant seps in reducing these.
Sterilization is referred to the compnete elimination or destruction of dl f o m s of
microbial life, including bacteriai endospores and is accomplished by either physicai or
chemicai processes. Steam under pressure is t h e most common method of sterilization

utilized in the hospital setting. Many medical devices can not be reprocessed in this manner
because of they are heat-labile and the high temperatures of these processes would
compromise their integrïty. It is therefore necessary to use methods that do not involve such
high ternperatures. One way to achieve this is to use low-temperature sterilization methods.
The currently approved low-temperature sterilization methods inchde ethylene oxide,
hydrogen peroxide gas plasma, chlorine dioxide, paracetic acid and ionizing radiation.
Disinfection describes the process wherebyaI1 microorganisms are eliminated wi:h the
exception of bacterial endospores. A few disinfectants which Hl spores with prolonged
exposure times of six to ten hours are chernical stenlants. At similar concentrations and
shorter exposure tirnes (545 minutes) these same disinfectants rnay kill al1 microorganisms
except Fungai and bacterial spores. These are called high-level disinfectants. Intermediatelevel disinfectants may be cidal for tubercle bacilli, vegetative bacten'a, most fùngi and most
viruses but do not eliminate bacterial spores whiIe low-lever disinfectants may kill most
vegetative bacteria, some hngi and some vimses (1 5).
Since al1 patient-care items are not qua1 in regards to their degree of risk of infection
with use, EarIe H. Spaulding devised an approach to disinfection and sterilization of these

objects ( 122). He believed that the degree of disinfection or in other cases, stedization, could
be understood and appIied if patient-care items were divided into t h e categories depending
on their intended use. The three categones he descnbed were critical, semi-critical and noncritical (TabIe 1).
Critical items are objects that pose a high nsk of infection if it is contaminated with
any rnicroorganism including bacterial spores- Critical items that enter stenle body sites like

tissue or the vascular system such as surgical instruments, cardiac and urinary catheters,
implants and needles must be purchased sterile or be stenlized by autoclaving. If the object
is heat-labile, low-temperature sterilization methods are suitable.
Serni-critical items corne into contact with mucous membranes or skin that is not
intact. Items that are considered semi-critical have to be fiee of al1 mïcroorganisrnsexcept
bacterial spores.

Respiratory therapy and anesthesia equipment, endoscopes and

thennometers are included within this category. These items do not necessitate sterilization
but must be high-level disinfected. Glutaraldehyde, hydrogen peroxide and chlorine-releasing
agents are dependable high-level disinfectants if pre-cleaninç ofthe object is performed (1 07).
Non-critical items are objects that corne into contact with intact skin but not mucous
membranes. The inherent property ofintact skin of providing a bamer to foreign objects and
substances means that non-critical items require only low-level disinfection. Items such as
bedpans, blood pressure cuffs and crutches pose liale risk of transmitting infectious agents
to patients but secondary transmission could occur by contaminating hands of healthcare
workers or medical equipment that cornes into contact with the patients (105).
Although Spau1dingys classificationsseem clear cut, problems anse when dealing with
the reprocessing of complicated, heat-labile medical equipment, and therefore, it is still
difficult to determine which level of disinfection must be used. This is the case for flexible
endoscopes. (1 04).
Endoscopes are widely used for the diagnosis and therapy of medical disorders.
According to Spaulding's classifications, flexible endoscopes are serni-cntical items because
they only corne into contact with mucous membranes of the patient and do not penetrate into

sterile body sites. As such, high level disinfection is the minimum disinfection needed. To
prevent nosocornial infection, al1 flexible endoscopes must undergo thorough cleaning and
high-IeveI disinfection following each use but these narrow-lumened flexible devices present
the most significant challenge to adequate cleaning and reprocessing (3). Reponed cases of
disease transmission fiom the use of contaminated flexible endoscopes have stemmed from
inadequate cleaning before high-level disinfeaiodstetiiization, contamination of endoscope
reprocessors or overgrowth of microorganisms as a result of irnproper drying of the
endoscope after reprocessing (22, 12 1).
The probIern arising with a semi-critical classification is that even though the flexible
endoscope itself does not corne into contact with sterile body sites, the critical, sterile medical
devices that are used for endoscopic procedures are passed through the long. narrowlumened channels of the flexible endoscope. Any microorganisms thar are present in the
endoscope channels may be picked up by the accessory device and now have the potential of
being introduced into sterile body sites. Effective sterilization of flexible endoscopes would
eliminate this problem, but it has not been possible to reliabiy demonstrate sterilization for
flexible endoscopes2. Disinfectants

i) Classes of Chemical Agents used as Disinfectants
Chemical disinfectants a d o r sterilants are categorized into many different classes
depending, primarily on their chemicai structure and mechanism of action. The disinfectant
classes that are in cornmon use today include aldehydes, including forrnaldehyde uid
glutaraldehyde; alcohols; halogen-releasing compounds such as sodium hypochiorite and

iodophors; peroxygens; silver compounds; phenols; and quaternary ammonium compounds.
Glutaraldehyde (1,s pentanedial) is a powerful biocide that has found usage as a
disinfeaant,

sterilant and fixative in electron microscopy.

The first indications of its

antimicrobial potential came from a survey ofsaturated dialdehydes by Pepper and Lieberman
in 1962 in their search for an efficient substitute for formaidehyde. In the following year,
Stonehill et al. (127) advocated that a suitably aIkalinated solution of glutaraldehyde was
rapidly sporicidal and toward the end of 1963. a glutaraldehyde formulation was marketed for
use as a chernosterilm.
Glutaraldehyde displays a broad spectrum of activity and a rapid rate of kill against a
majonty of rnicroorganisms. It is classified as a chernosterilant (19) as it is also effective
against bacteriai spores at a concentration

> 2% d e r prolonged exposure (10 hours at roorn

temperature 22°C.) It is classified as a high-level disinfectant at shorter exposure tirnes of 20-

45 minutes at roorn temperature.
The presence of free aldehyde groups is considered a prerequisite for good biocidal

activity (44). Glutaraldehyde possesses two free aldehyde groups that react readily under
suitable conditions (21, 56). The rnechanism of action of glutaraldehyde involves a strong
association with the outer layer of vegetative bacterial cells, specifically the amino groups of
proteins. The reaction of the free aldehyde with a primary amine on a protein is followed by
condensation of additional free glutaraldehyde and l a d s to the formation of a 1,3,4,5
substituted pyridinium salt. These cross linked proteins are evident by a new absorption peak
at 265 nanometres. (144). However, the biocidd action of giutaraldehyde is not merely due
to its sealing ofthe bacterial envelope done. The inhibitory effect ofglutaraidehyde on RNA,

DNA and protein synthesis is due to the inhibition of precursor uptake as a consequence of
the glutaddehyddprotein reaction in the outer structures of the ce11 (79) as well as
deactivating bacterial surface enzymes (44).
Sodium hypochlonte (bleach) is a haiogen-releasing agent capable of releasin; free
chlorine. The moa important types of chlorine-releasing agents are chlorine dioxide, sodium
dichlororisocyanurate and sodium hypochlorite. Sodium hypochlonte solutions are currently
one of the most widely used agents for hard-surface disinfection in hospitals. The use of
sodium hypochlorite is limited to non-rnetallic surfaces and objects as the corrosive effects
of sodium hypochlorite on metais is quite detrimental. The disinfecting and deodoriu'ng
properties of chionne were first recognized in the first haifof the nineteenth century (1 6). In
1881, a Geman bactenologist, Koch, demonstrated that under controlled laboratory

conditions, that pure cultures of bacteria may be destroyed by the use of hypochlontes. Five
years later, the Arnencan Public Health Association issued a favorable report on the use of
hypochlorites as disinfectants (48).

Sodium hypochlorite solutions are available in

concentrations fiom 1%-15% but chlorine, in aqueous solutions, even in minute amounts,
exhibits rapid bactericidal action. Although the actual mecha~smof action is not known,
many theories have b e n proposed. Baker (6), advanced a theory that chlonne destroys
bacteria by combining with proteins of cell membranes formïng N-chioro compounds which

in tum interfere with cell metabolism. causing eventud death of the organism. Green et al.
(45) postulated that because ofthe low chlorine Ievel required for bactericidal action, chlorine

must inhibit some key enzymatic reactions within the ceIl. In 1948, Knox et aL(68) confirmed
that the bactencidal effect of hypochlonte is produced by the inhibition of certain enzyme

systems essential to life and that the mechanisrn here is the result of oxidative action of
chlorine on the SH groups of vital enzymes or other enzymes sensitive to oxidation by
chlorine.
Hydrogen peroxide is a peroxygen compound first reported in 1818 (1 7) and now
serves particular fiinctions of great value. Et is currently used in disinfection, sterilization and
antisepsis. Hydrogen peroxide solutions are commerciatly availabie in concentrations that
range from 3%-90%.

It can be easily destroyed by heat or the enzymes cataiase and

peroxidase to give the i ~ o c u o u end
s products, oxygen and water. Hydrogen peroxide may
b e regarded as nature's own disinfectant. It is naturally present in milk and honey- It is also

present in the pha;ocytic ceils of rnucous membranes in the mouth and it is a germicide that
kills microorganisms that penetrate the outer defenses of the body and gain entrance to the
bloodstream. It is produced in the phagocytic cells by the reduction of oxygen. The reaction
of the superoxide radical with hydrogen peroxide produces a hydroxyl radical that is said to
be the strongest oxidant known (41) Hydrogen peroxide is believed to kill bacteria by
attacking essential ceil components, including lipids, proteins and DNA. Hydrogen peroxide

is active against vegetative bactena, yeasts, fùngi, viruses and bactenai spores. Anaerobes
are even more susceptible to hydrogen peronde because they do not produce the enzyme,
catalase, that is known to break down hydrogen peroxide. Destruction of bactenai spores by
hydrogen peroxide is geatly improved by both increasing the contact temperature or the
concentration of hydrogen peroxide. Although its activity is affected by changes in pH, with
greater advity on the acidic side, it is less affected than are many other disinfectants.
Sporicidal activity is most effective at a pH of 3 and least effective at a pH of 9.

Phenolic (carbolic) compounds have long been used for their antiseptic and
disinfêctant properties. Since its adoption by Lister as a germicide, phenolic compounds have
been the subject of study for many years. Phenolics are used as the active ingredient in hardsurface disinfectants, gemu'cidal soaps and lotions, and antiseptics. The phenolic compounds
used as hard-surface disinfectants are O-phenylphenol,O-benryl-p-chlorophenol, and p-tenamylphenol and are present in aqueous or aqueous/alcohol solutions of 400 ppm to 1300
ppm, Phenolic compounds are considered to be Iow to intermediate-IeveI disinfectants and
are appropnate for general disinfection of semi-critical and non-critical items- The biocide
activity of phenolic compounds varies as a function of concentration, temperature, pH and
other physical and chemical factors. Parasubstitutions to the phenolic ring of an akyl chain,
halogenation and nitration al1 contribute to increased antibactenal activity of the cornpound.
The free hydro.uyl group constitutes the reactive entity of the phenol molecule. Gerrnicidal
properties of the various phenolic compound formulations increase with the compound's
molecular wei~ht-Phenol and its derivatives exhibit several types of bactericidal action. At
higher concentrations, these cornpounds act as a gross protoplasmic poison by penetrating

and dismpting the ce11 wall and precipitating the cellular proteins (29.30). However, at lower
concentrations, phenolic compounds inactivate essential bacterial enzyme systems. In general,
Gram-negative bacteria show a greater resistance to phenolics than do Gram-positives . The
outer membrane of Gram-negatives provides an additional barrier to these biocides. Phenolic
compounds are also highly effective tuberculocidal agents. Aithough the waxy cell wall of

MycobacfeNum has enabled it to be resistant to so many chemical disinfectants, the ability

of phenolic compounds to dissolve this lipid material gives them their tuberculocidal

properties.

P henoiic compounds are also ttngicidal (2%) and fungistatic (lower

concentrafions) agents (1 32). Fungicidai mechanismsinvolve damage to the plasma membrane
(97), resulting in leakage of intracellular constituents. Vimses are not heterogenous in their

susceptibility to phenolic agents because of their varied lipophilic, hydrophilic and
intermediate structuresAithough there were many stages in the historical development of quaternary
ammonium compounds (QAC), two truly historical milestones were recognized. The first
involves the work of Jacobs et a1.(60) which examined the structure, preparation and
antimicrobial properties of the QAC's and the second, the work of Jacobs and Heidelberger,
(6 1), that reviewed various QAC formulations. In these publications, the antimicrobial

activity was anributed to the structure of t h e cornpound.
The first generation QAC was benzaikonium chioride. Modifications of the firstgeneration quaternaries by substitution of the aromatic ring hydrogen with chlorine, methyl
and ethyl groups resulted in second-generation QAC's. The third-generation QAC's, which
contain a mixture of equal proportions of alkyldimethylbenzyl ammonium and

alkyldirnethylethylbenryl ammonium chloride, are of the greatest commercial significance
today. The third-generation QAC's or dual quats, offer improved biocidal activity, stronger
detergency and a relatively lower level of toxicity (8 1).
Quaternary ammonium compounds that are used commercially are bacteriostatic,
tuberculostatic, sporostatic and fungistatic at low concentrationsof0.5 to 5 ppm (52,39,116)
and are bactencidal, fungicidal and virucidal against lipophilic viruses at medium
concentrations of 10 to 50 ppm (70,92,67). QAC's are effectiveagainst both Gram-postive

and Gram-negative organisms but have greater activity against the Gram-positives. QAC'S
are not tuberculocidal or sponcidal or virucidal against hydrophilic viruses even at high
concentrations (67, 120, 32). Because of these limitations, QX's are considered Iow-Ievel
disinfectants and should be considered inappropriate for reprocessing of semi-cntical and
cnticd medical devices.
It's bactencidal effectiveness begins by adsorption of the QAC on the bacterial ce11
surface. The compound diffises through the ce11 wall and binds to and disrupts the

cytoplasmic membrane. This disruption leads to the release of potassium ions and other
cytoplasmic constituents. Precipitation of the remaining ce11 constituents l a d s to the death
of the ceIIii) Impact of Organic Soil

In addition to the variable susceptibility of microorganisms to chernical germicides,
the presence of organic and inorganic material can funher complicate the killing eficacy of
germicides. Residual blood, mucus, or feces on irnproperiy cleaned medical devices rnay
contribute to the failure of a given disinfectant. The reduction in disinfectant activity in the
presence oforganic matter is linked to complex physiochemical phenomena in which rnolecule
reactivity such as oxidation and reduction, and adsorption mechanisrns are involved. The
organic soil may contain large or diverse microbial populations, rnay occlude mikr~orga~srns
and prevent penetration of chernical disinfectants or the soil may even directly and rapidly
inactivate certain germicides.

Thorough cleaning of medical devices before they are

disinfected or sterilized must be performed. Failure to do so may cause disinfection or
sterilization procedures to fail because these organisms are protected by residual organic

Many organic soil formulations have b e n developed to simulate vanous rd-Iife
soils found on medical devices and have been utilized in studies that require an organic soil.
Hucker Soi1 contains a mixture of food products such as peanut butter, butter, flour, lard,
dehydrated egg yolk and evaporated milk (62). It is intended to simulate fecal material.
Edinburgh soil has been developed to simulate the soi1 found on anaesthetic equipment and
contains egg yolk, sheep's blood and hog mucin (62). Other test soils simulate matend found
on surgical instruments (Swedish soil) (62), bedpans (British Standard soil) (62) and
anaesthetic equipment (Birmingham soil) (62). The choice of soi1 used is dependent upon the
context of the investigation.
Organic loads of soils differ wi-dely, but because they are often proteins, a number of
tests employ yeast extract or animal/human serum. Because of the known inhibitory effect of
residual patient material o n disinfectantlstenlant effrcacy, the United States Food and Dmg
Administration (FDA) requires pre-market evaluations of such biocides in the presence of a
"worst-case" orgm-c and inorganic soi1 load (62). The soi1 used should simulate the major
components found in patient-used medical devices. Alfa et al. (3) determined the levels of
several cornponents of t h e soil found in flexible endoscopes immediately after patient use.
The levels of carbohydrate, protein, salts, hemoglobin and endotoxin were measured. The
worse-case soiling levels or the maximum levels of each cornponent were used to develop an
artificiai test soil (ATS) f o r simulated-use evaluations. This is the first test soi1 whose

formulation was based on data fiompatient-used endoscopes.

--

iii) Other Factors Affecting Disinfectant Efftcacy
As expected, with ail other variables equal, the longer the disinfectant is exposed to
the object that is being disinfected, the greater its efféctiveness. The probiern arises when
long exposure times are just not redistically prxtical. Medical device tum-over m2y affect
the exposure time that the medical device receives. If a medical device is used Frequently,
prolonged exposure or even minimum exposure to the disidectant and/or sterilant may not
be achieved.
Generally, the higher the concentration of a disinfectant, the greater its effectiveness
and the shorter the exposure time required for effective microbial killing. It wouid be ideal
to be able to use al1 disinfectants at high concentrations in order to reduce exposure and
reprocessing time but this also rnay not be realistically practical. The increase in disinfection
concentration almost always entails an increase in cost of the disinfectant. The increase in
cost to the institution may just not be permissable. Some disinfectants, such as the high-level
disinfectants, are appropriately used only at strons concentrations. Some intermediate-level
disinfkctants may become usehl sporicides when the concentration is increased significantly.
This is true for hydrogen peroxide and chlonne-base agents like sodium hypochlonte but is
not true for d l intermediate-level disinfectants, especially phenolics. Biocide activity is
represented by the vahe "n". Biocides with high "nt' vaiues like alcohols and phenolic
compounds, are affected rnarkedly by changes in concentration and dilution whereas those
with a low "n" values such as oxidizing agents and QAC's are influenced to a lesser extent
(9). This is important when dealing with the idea of a "use dilutiony'. The "use dilution" is

the actud dilution of the disinfectant when in-use. The "use-dilution" may be the same as the

manufacturer's recommended diIution but in most cases, the ccuse-diIution"is less than the
manufacturer's recommended dilution. This occurs when disinfectants are used more than
once. M e n the disinfectant is used more than once and not changed between different
disinfecting procedures, dilution of the disinfectant rnay occur if extraneous liquid is
introduced. The "ri" values of disinfectants are important when considering "use-dilution"
because any dilution of the original disinfectant rnay affect its efficacy. Depending on the "n"
values of the disinfectant, an increase in dilution rnay or rnay not severely affect the
disinfectant's kiIling ability.
The easiest surface to disinfect or sterilize is one that is smooth, non-porous, and
easily cleanable. Crevices, joints, pores in surfaces and narrow lurnened devices constitute
barriers to cleaning and subsequent penetration of the liquid germicide. Prolonged exposure
to the aisinfectant may be necessary wïth these objects. Flexible endoscopes can not be
subjected routinely to long contact times in chernical germicides without the n'sk ofeventually
degrading the components of the device.
Penetration of the disinfectant itseIf, regardless of the device surface it is appIied to,
is also an issue. Glutaddehyde is a nrong fixative that eEcientIy cross-links bactend surface
proteins. This inherent property of glutaraldehyde rnay contribute to the inability of the
biocide to penetrate its target. Upon contact wïthglutarddehyde, bactena present in the
outer most portion of the soil layer will be destroyed. This cross-linked outer layer of
proteins rnay a a as a banier so that the giutaraldehyde can not reach the rernaining bactena

in the deeper portion of the soil. While a reduction in the numben of bacteria would be
observed, sequestenng of bacteria in deeper layers ofthe soil rnay lead to sporadic failure of

glutaraldehyde killing.
3. Antibiotic Resistance

i) Mechanisrns of Antibiotic Resistance
It is estimated that 80,000 deaths per year in the United States are related to hospitalacquired or nosocomial infections (76). Many of these infections are caused by bactena that
are resistant to one or more antirnkrobiai agents. The development of bacterial antibiotic
resistance is a major world-wide problem complicating the use of chemotherapeutic agents
and the controI of infectious diseases (91).
The rnechanisrns of antibiotic resistance can generdly be classified into four basic
types. These include the ability of the organism to inactivate or modiQ the antibiotic, alter
the target site of the antibiotic. use of an alternate pathway (bypass) and decreased uptake of

the antibiotic.
A dnig inactivation rnechanisrn of resistance is the most widely recognized and was

the first rnechanism to be characterized. It was discovered in penicillin. an antibiotic that
inhibits bacterial ce11 wall synthesis. It was observed that enzymes produced by the bacteria
could destroy penicillin and were later named penicillinases. Beta-lactamase is the general
term describing these enzymes that inactivate al1 Beta-lactam antibiotics. AI1 Beta-lactamases
destroy the Beta-lactarn ring of the antibiotic.
Genes encoding Beta-lactamases can reside on the bacterial chromosome or on
plasmids. Plasmid-mediated resistance can be passed to distantly related bacterial species by
conjugation. In contrast, the expression of chrornosomaiIy mediated Beta-lactamases is
usually not constitutive but can be induced or derepressed by exposure to Beta-lactam

antibiotics (1 09) The cornmon Beta-lactamases, TEM 1 and 2 found in al1 Gram-negative and

some Gram-positive bactena confer resistance to broad spectmm penicillins such as
ampicillin. In response to an increase of resistance to broad spectrum penicillins, antibiotics
such as cefotaxime and cefiazidime were introduced which were resistant to the action of
Beta-lactamases. Rapid mutations in the Beta-lactamase gave greater access to the "extended
spenrurn" cephalosporins giving rise to the extended spectrum Beta-lactamases (ESBL' s).

ESBL's are becorning increasingiy common.
Antibiotic resistance through

âfi

alteration in the antibiotic target site is aiso a very

comrnon mechanism. Methicillin resistance inS~phyfococmsuz~reus
is mediated through thismechanism. Pe~cillin-bindingproteins (PBP) are responsible for synthesis of major bacterial:
ce11 wall structural components. In methicillin resistant strains, the PBP is altered (PCP2') and
has a much Iower affinity for methicillin than the unaltered forrn (PBP2)(49). The expression
of PCP3' can either be induced by methicillin or be constitutive.
While the antibiotic susceptible target can rernain in the bacterial cell, some resistant
bacteria have acquired an alternative target. This altemate target site is resisîant to inhibition
by the antibiotic. The bacteria are viable in the presence of the antibiotic which "bypasses"

the normal target route. This has been observed in vancomycin resistance in Enferococms.
Vancomycin is a giycopeptide antibiotic that inhibits bacterial ce11 wall formation by the
inhibition of peptidoglycan synthesis. It binds to the free carboxyl end of the D-alanyl-Dalanine of the elongating peptidoglycan chah and inhibits the progression of synthesis. In
vancomycin resistant strains of Enterococczcs faeciirm and Enterococcris faecalis. an

alternative ceIl wall precursor is made that contains a D-alanine-D-lactate chain end.

Vancomycin is unable to bind to thk site and peptidoglycan synthesis can continue.

By preventing an antibiotic from entering the bacterid ceLI or by pumping the
antibioticout ofthe ceil before it acts on the target, bactena can be protected fiom the actions
ofthe antibioticand become resistant. Beta-lactam antibioticsagainst Gram-negative bacteria
gain access to the ce11 by water fUed hoiiow membrane proteins known as porins. Different

antibiotics may enter through dinerent porins therefore a lack of a specific bacteriai porin may
coder resistance for that antibiotic. Imipenem resistance in Pseudomoturs uerugitzosa is
caused by the lack of the D2 porin. This type of mechanism is aiso seen in iow level

resistance to fluoroquinolones and aminoglycosides. Increased emux of antibiotics is a well
recognized mecham-sm for resistance to a wide range of antibiotics. This wide range
resistance is contnbuted by the mar and norA genes which are widely distnbuted in the
Ehterobucteriaceae (3 1).
ii) Antibiotic Resistant Bacteria

Acinelobacter species are non-fermentative, aerobic Gram-negative coccobacilii.

They are widely distributed in nature, in the hospital environment and may be found as human
commensals on the slan and other body sites (20). Infections from these organisms are
opportunistic in nature and develop in patients compromised by invasive diagnostic or
t herapeutic procedures (128).

Infection presents as pneurnonia, central venous catheter

related infection, skin and wound sepsis, septicernia and urinary tract infections (20)There are 3 groups within the species but Acine~obacterb m m n z i , formerly named as
Acitzetobac.ter calcouceticus var. aiiinatus (20) is recognized as the species associated with

the majonty of human infections. This organism has several properties which are a concem.

These include a demonstrated propensity to develop resistance to multiple antibiotics and its
relative resistance t O e n w onmentai exposure (142).

Acinetobacter batrmunnii has b e n

detected in patient hospital piliows (1411, ventdatory surfaces, hospital @oves, patients'
mattresses (1 17) and hospital bed raiis (26). This environmental resistance increases when

Acineiobacier bmmmnii is dried in the presence of organic matenal or menstrua. The
overali susceptibility of Aci~tetobocier isolat es to cephalosporins, peniciIlins and
arninoglycosides has steadily decreased over the last decade (35,43,73, 115, 138, 128, 134).
Additiondy, outbreak strains of A. bazimmnii were recently reported to be considerably
more antimicrobial-resistant than non-outbreak straïns (43, 73). A. b a t r m m i i has become

an important nosocornial pathojen (94, 140,26, 10, 131, 126, 117,23). Many outbreaks of
A. boumannii have been associated with respiratory equipment, intravascular access devices
and contaminated hands of hospitai care avers.
Alcaligertes xylosoxidans, formerlyAchromobacterxyIosoxidansis a Gram-negative,
non-fermenting, aerobic, motile bacillus. It is widely distributed in the environment and has
been isolated nom the aqueous environments that corne into contact with infécted patients
(137). Along with A. baumannii, A. xylosoxidans is a nosocornial pathogen responsible for
multiple outbreaks due to its resistance to environmental drying.

Many of the antimicrobid agents introduced during the 1970's and 1980's such as
fluoroquinolonesand later generation cephalosporins, exhibited less activity against Grampositive organisms than Gram-negative bacteria. This coincided with the emergence and
spread of novet types of resistance among various species of Gram-positive bacteria such as
penicillin resistance in pneumococci and gycopeptide resistance in enterococci.

S~aphyZococcilsaureus is a Gram-positive, coccoid organism that causes pneumonia
and infections ofthe bloodstream, skin, soft tissues and bone (55). This pathogen frequently
causes comrnunity-acquired infections and is the most cornrnon cause of nosocornial
infections. Soon after the introduction of benzyipenicillin into clinical use in the I94Ofs,it
becarne clear that some strains of S. mretts were resistant due to the production of betalactamase. Under the selective pressure of penicillin usage, the prevalence of penicillinresistant strains increased, particularly in hospitais. In the 1960fs, upon the introduction of
a penicillin-derivative, methicillin, rapid emergence of methicillin resistant StaphyIococn~s
aztreus (MRS A) followed (75).

Strains of MRSA are also commonly resistant to vanous other antirnicrobial asents
inctuding erythromycin.

aminoglycosides, tetracycline, fûsidic acid, rifampicin or

ciprofloxacin. In MRSPL, the mechanism of resistance does not involve inactivation of the
antibiotic but expression of an altered penicillin-binding protein, PBP,'. The beta-lactam
antibiotics can not recogize this altered protein and therefore can not interfere with cell wall
synthesis. This is a mode ofantibiotic resistance in which the antibiotic target site is altered.

MRSA strains are frequently only susceptible to glycopeptide antibiotics such as
vancomycin. Gram-negative bactena are resistant to glycopeptides, because the large
glycopeptide molecule can not penetrate the outer membrane. The emergence of reduced
vancomycin sus~ptibilityin S. azrreus has heightened the fears ofa totally antibiotic-resistant
strain. In May 1996,the first isolate of Sfaphylococnrsaureus with a reduced susceptibility
to vancomycin was observed (54). The minimum inhibitory concentration W C ) for this

organism was 8 ug/rnl indicating it had intermediate-level resistance to vancomycin (55).

Therefore, the strains were called glycopeptide intermediate-resistant S. aurem (GISA).
Although van genes are the oniy specific genes that confer resistance to vancomych in other
organisms like enterococci, the GISA strains were shown not to have these genes. The

mechanism of resistance in GISA appears to be due to an increased rate of cell wall synthesis.
As a result, more cell wall material, peptidoglycan, is produced. This thickened ce11 wall has
been dernonstrated by electron Mcroscopy (56). Vancomycin's targets are the D-alanyl-Dalanyl residues present in the peptidoglycan ofthe mïcrobial ceil w d . The large, glycopeptide

molecule acts by sterically impeding trans-glycosylation which is needed to extend the
peptidoglycanbackbone. In addition, vancomycin prevents transpeptidase fiom cross-linking
the growing peptidoglycan c h a h Since there is an overproducti-onof peptidoglycan in GISA
strahs, more D-aianyl-D-alanyl residues are available for vancomycin. These "extra targets"
aid in consuming and sequestenng vancomycin molecules thereby protecting deeper portions

of peptidoglycan (56).
The genus Enterococctrs are Gram-positive, aerobic organisms. They colonize the
bowels ofhealthy humans and are found in counts of up to 10' cfu /gram of stool. E faecuiis

is more cornrnon than E. faecium and the other sixteen species are rarely found in humans.
Enterococci frequently causes infectionsin association with other virulent organisms however,
enterococci can cause more invasive infection and are sometimes responsible for
cholecystitis, chloangitis, pentonitis, septicemia, endocarditis, meningitis and wound
infections (86, 83).
Vancomycin resistance in Enferococms can be attributed to different genes. The
vanA gene is usually plasrnid borne but is now known to be encoded on a transposon that may

pass to the chromosome. Resistance by the vu&

gene results in resistance to vmcomycin

and teicoplanin. Most outbreaks of VRE have involved the Vard phenotype. In these cases
the resistance plasrrid ofien appears in both E fuecitm and E faecak and readily transfers
to multiple difEerent strains ofthese species during the outbreak (40).

VunB resistance is usuaily chromosomal and is occasionalIy transferable From
chromosome to chromosome on a transposon. This type of resistance renders the bacterhm
vancomycin resistant but teicoplanin susceptible. Several outbreaks of organisms with the
VanB phenotype have also been reported, more often with single strains. As wirh the Vard
phenotype, S/arzB is most commonly seen in E. faeciurn and E. faecalis (40).
The constitutivelow-level vancomycin resistance seen in somestrains ofEn~erococnls
gallir~an~rn
is cailed YanC. A VatzD phenotype has been reported in a single strain of E
faecirmz (40). This organism has constitutive resistance to vancornycin (MIC = 64mg/L) and

to low levels of teicoplanin (MIC

=

4rngjL). Because vanA and sarlR are so readily

transferred, these types of resistance pose a more significant infection control risk compared
to low-level resistance due to vanC, which is much less likelier to be transferrediii) Bacterial Cross Resistance to Antibiotics and DisinfectantslSteritants

Resistance to disinfectants or sterilants has been less extensively studied compared to
antibiotic resistance. As with antibiotics, resistance to disinfectants and sterilants may be
acquired but is more comrnonly intrinsic. Intrinsic resistance to such biocides has been
reported for Gram-negative bacteria (99,bacterial spores (1 8), mycobactena(98) and under
certain conditions, staphylococci (78). Acquired, plasmid-mediated resistance is most widely
associated with mercury compounds and other metaliic salts (99).In recent years, acquired

resiaance to certain types of biocides has been observed, notably in staphylococci (78).
Intrinsic mechanisms of microbial resistance to biocides (IRB) most often involve the
outer layer of the organism. The composition of the outer layer may act as a permeability
bamer in which there is a reduced penetration of the biocide (96, 98, 78). Aiternatively, but
Iess commonly, constitutively synthesized enzymes rnay bring about the degradation of the
biocide (59, 88).
For Gram-positive bacteria, IRB may be attributed to the plasticity of the bacterial
ce11 envelope (78). Growth rate and any growth limiting factors will affect the thickness and
degree of cross-linking of peptidogiycan and will likely modify the microorganism's
susceptibility to disinfectants. In nature,

miretfi may exhibit a mucoid, slime layer. Non-

mucoid strains are L k d more rapidly than mucoid strains by some biocides. Therefore, the
slime layer plays a protective role either by acting as a bamer or absorbing the biocide
molecules.
For Gram-negative bacteria,

IRB is d u e to the outer membrane of the Gram-negative

ce11 wdl. This membrane acts as a barrier that limits the entry of chemïcally, distinct
antibacterid agents (78). It has also been proposed that the inner, cytoplasmic membrane can
also provide intrinsic resistance but little evidence has been shown (78).
Mycobacteritlm are well known to possess resistance to many disinfectants. The most
likely explanation of its IRB is attributed to the highly complex ce11 wall. The mycobactenal
celi wall is a highly hydrophobic structure with a mycoylarabinogaiactan-peptidogiycan
skeleton (78), complex lipids, lipopolysacchandes and proteins. This unique structure
presents itself as a waxy, outer coat that is an erective barrier to the entry of biocides.

Plasmid-mediated resistance in Gram-negative and Gram-positive bacteria has been
well studied (99). lncreased biocide MIC's have been observed in S. aurezls strains. These
strains possess a plasmid carrying the genes that encode for resistance to gen
am
tb

(72).

PIasrnid-rnediated resistance to biocides has also been O bserved in Grm-negative O rganisrns.
Plasmid-encoded changes in outer membrane proteins are associated with decreased
susceptibility to fomaldehyde in Escherichia coli and Serratia marcescens (66). Generaily,
however, it appears that intnnsic resistance in Gram-negative bacteria is of greater
significance than plasmid-mediated resistance.
Considering the intrinsic properties of antibiotic resistance and t h e transfer of genes
of multiple antibiotic resistance from one bacterium to another, it has been proposed that
multiple antibiotic resistant organisms are more likely to be disinfectant or sterilant resistant
than organisms that are susceptibleto rnultipIe antibiotics. Many studies have been performed
to test this theory. SuIIer and Russell (129) investigated biocide resistance in methidin-

resistant Slaphylococclcs atwerrs and vanco mycin-resistant Eriterococn~s- The test
disinfèctants included chlorhexidine, several quaternary ammonium compounds, and triclosan
among others. Although these strains showed Iow-level resistance to the test disinfectants,
they remained relatively sensitive to the biocides compared to their susceptible counterparts.
Antibiotic resinant bacteria were also investigated by B

q et al. (8) against chlorhexidine

and povidone iodine. They determineci that antibiotic resistance does not affèct the activity
ofchlorhexidineand povidone iodine as antiseptic agents. Many more studies have also corne
to the conclusion that antibiotic resistant bactena do not show an increased resistance to
disinfectants compared to multiple antibiotic susceptible nrains (4, 5 ) .

4. Models for Studying Disinfectant Efficacy

i) Introduction
Since the beginning ofthe twentieth century, a large number of scientific publications
have been devoted to developing methods for testing disinfectants. Koch in 188 1 introduced
the first method of testing cherni-cal disinfectants by impregnating the surface of silk threads
with Bacillus spores and then exposing the inoculated threads to the test disinfectant for
varying lengths of tirne. The threads were washed and then used to inoculate nutrîent agar
plates. Today, the approved surface carrier method involves the use of disposable glass
penicylinders (1 1 1). Recently, in Belgium, investisators developed a new test which is a
quantitative, standardized and reproducible suspensioniest (1 4). Both surfaceand suspension
tests, although modified fiom their progenitors, have been the two nlost utiIized methods in
test ing disinfectant efficacy.
ii) Critical Mode1 Parameters

No matter which test rnethod is used to detemine disidectant eficacy, certain test
conditions must be well defined. It is important t o include strains From the main bactenal
groups which include bacilli, cocci, Gram-positive, Gram-negative and mycobacten'al strains.
Culture medium, whether it is broth or agar should contain al1 the elements required for
abundant growth of each strain. It has been suggested that test bactena should be tested
when they are at the exponential phase of growth and that two or three subcultures should
be performed in the same medium before use. The inoculum should be prepared in either
peptonic water, broth or buffer as preparation in distilled water rnay have a bactericida1 efFect.

The size of inoculum is an essential parameter of both the surface carrier and the suspension

tests. Wr hi& level disuifection, a minimum6 log,, reduction is required and therefore when

testing hi&-Ievel disinfectants, the inoculum should contain at least 1 o6 ch.
Temperature of the assay is also important. The higher the activity of a disinfectant,

the greater its sensitivity to changes in ternperature. Generally the reaction temperature is
25°C or room ternperature (22°C) unless specified otherwiseby the disinfectant manufacturer.
The activity of a disinfectant is proportional to its concentration and action t h e .
Some disinfèctants, when diluted, must be exposed for prolonged measures to retain the same
activity of an undiluted solution while certain disinfectants have rapid lethal action and tests
must b e carried out rapidly. Suspension methods usuaily have exposure times of 5 tol O
minutes while surface carrier tests have contact times of 5 to 360 minutesNeutraiization of disuifectant is very important in both the surface carrier and
suspension tests. Dilution alone is normally sufficient to suppress the antimicrobial residual
activity ofîhe test disinfectants. Quaternaryammonium compounds may have a bactenostatic

activity against certain organisms even when highIy diluted. Neutraiking agents usually
contain phospholipids such as lecithin or nonionic surfactants such as polysorbates.
Washing the sample is also very important. Washing procedures imply mechanicd
separation of microbial cells and disinfectant containing suspension. This can be done by
centrifbgation, membrane fltration or by mechanical removal of the disinfectant solution

fiom the carrier.
iii) Suspension Test Method

Suspension tests estimate the in-vitro bactericidal activity of the disinfectant under a
totally fluid environment. Contact between the bacteria and disinfectant is complete rneaning

there are no added mechanical bamers provided by the investigator. This method gives an
assessment of the direct chemical killing ability of the disinfectant.

A fixed volume of disinfectant solution is mixed with the bacterial suspension in the
presence of absence of an organic load. After a defined contact tirne, the sarnple is
neutralized to eliminate any effect of the disinfectant, post exposure. The rnicrobicidal
capacity is assessed by filtenng the bactenaL/disinfectant/neutralizingsolution and by either
subculturing al1 or part of the sample into nutnent broth, which only indicates whether al1
bactena have been destroyed or not or ~ubculturingpart of the sampte onto nutrient agar to
determine the nurnber of residual, sum-vingbactena. The former method is oniy qualitative
in nature whiie the latter is quantitative as it gives valuable information on the disinfectant and

its killing rate. The quantitative method is most commonly used to assess disinfectants,
whereas the qualitative rnethod of broth inoculation is more comrnonly used to assess
sterilizationiv) Surface Carrier Test Method

Surface carrier test methods attempt to reproduce in-use disinfection conditions in
which the disinfectant is applied to a surface contaminated with microorganisms (eg.
environmental surface or medical device). Different surface carriers have been proposed and
used. The Hard Surface Camer T e s (HSCT)uses glass penicylinders, while others use glass
vials (1 1 1) or polyvinyl chloide tubing segments (3 ). The choice of surface carrier matenal
and shape is also important. The test cimier surface should mimic the particular in-use
surface that the disinfectant will be applied to. The shape and physicai structure of the test
camer may also affect the evaluation of disinfectant efficacy. Disinfectant penetration or

access is not hindered by Rat, smooth, non-porous camers while test caniers that have a small
diameter lumen, an uneven surface or pores create a more stringent challenge.
Inoculated camers are dried for specific times and either dropped into specified
volumes of test disinfectant or disinfectant is applied directly to the dried inoculum on the
c h e r . It is exposed to the test disinfectant for a specified interval. The washing procedure

is performed followed by the neutralizing procedure. The following step is identical to the
suspension test method in which as sample is either qualitatively or quantitatively assessed
for microbicidal activity of the disinfectant.
Controls are very important when testing with the surface canier method. Since the
surface carrier is being exposed to fluid effects at several stages, controls must be included
to ensure adequate interpretation of the resuits. Ifthe test organism is washed offby the fluid
exposure but is not killed by the disinfectant, erroneous concIusions may be made. The "fluid
effect" may Vary depending on the bacterial strain, disinfectant exposure, wastiing methods
and neutralizing agent. Many investigations utilizing the surface carrier test method fail to
use this type of control and the eficacy of disinfectant was assessed fiom the residud
bacteria level and the initiai inocuhm Ievel. The most accurate measurement of disinfectant
efficacy would be to compare the residual bacterial, post disinfectant exposure, to the
recoverable bioburden level determined by using a fluid control. Not accounting for these
liquid manipulations would suggest a false level of disinfectant efficacy because the reduaion
of viable bacteria on the carrier due to the liquid exposure to the disinfectant, washing and
neutrdizing would be wrongly attributed to the disinfectant.

5. rin-use DisinfectiodCleaning Practices

It is weii-known that cleaning is an essential step in the reprocessing of medical
devices and infection control. If devices and surfaces are not properly cleaned, subsequent
disinfection a n d h stenlization can not be guaranteed. The cleaning process should reduce
the natural bioburden on the object and remove organicfmorganic contaminants. Rutala et al
(1 OS), found îhat &ter a standard cleaning procedure on surgical instruments, 72% contained

less than IO1cfû. In a study of ngid, lumened medical devices, Chan-Myers et al. (27) found
that bioburden on both the inner and outer surface of the lumen was relatively low (1 0' to 1'O
&device).

After the instruments were cleaned, 83% had bioburden of Iess than le

cfiddevice. The importance in cleaning to remove organicfmorganicmatenal was highlighted

in several studies (62). These studies suggested that the presence of organicfmorganic
material on medical devices, prior to disinfection or çterilkation wodd detnmentaüy affect
the ability to disinfêct or sterilize. Jacobs et al (62) suggest that this is due to the formation

of crystals fiom the organic/inorganic materiai. These crystals occlude any rnicroorganisms
and thereby ccprotect"them against the action of the disinfectant or sterilization procedure.

After proper cleaning, medical devices undergo either disinfection or sterilization

depending on its use,
6. Issues Regarding Disinfectant Resistance

In consideration ofthe current literatureregarding disinfectant resistance in antibiotic
resistant bacteria, there are some issues that have not been fully elucidated. The range of
organisms tested in previous smdies havi not been exhaustive. Previous studies have focused
on specific bactena like methicillin resistant Sfuphy/ococczfs~irezfs
and vancomycin resistant

on specific baaeria like methicillin resistant S~aphyIococcu.saweus
and vancomycin resistant

Enterococcus (1 29) or Mycobactena (1 25). This study involves a full range of test bactena
encompassing each important bacterial group including Gram-negative and positive bacteria,
cocci and bacilli and Mycobacteria.
No data has been published to date ro determine possible disinfectant resistance in
organisms that exhibit non-specific mechanisms of antibiotic resistance such as permeability
limitations and non-specific efflux pumps. Permeability is an important factor in GISA strains
because of the hyperproduction of ce11 wall material and in Mycobacteria because of the
waxy, giycolipid cell wall. Non-specific efflux pumps such as the mar pump are found in al1

enterobacteria.andmay play a role in disinfectant resistance. This study inchdes two GISA
srrains, a novel glu tarald ehyde-resistant Mycobacterirrm chelotrar and several st rains of

Etrferococnrsfaecizrm.
Previous studies have included highly antibiotic resistant bactena such as methicillinresistant S. azlrez~sand vancomycin-resistant E~zterococcmas test bactena. We have aIso
chosen to do so but have increased our criteria to inchde these organisms and others that
have been implicated in hospitai outbreaks. This choice of test bacteria serves to encompass

dl important bacterial groups while it explores the variety in resistance mechanisms and it's
possible association with disinfectant resistance.

It is known that organichnorganic material present on medical devices complicates
the process of disinfèction andlor sterilization. Most ofthe previous studies have taken this
faa into consideration and have included an organic soi1 in their test protocols. The research
published to date however, has not addressed the effect of an organic soi1 that has

experimentally been developed to contain the levels of blood, protein, bilirubin and salts
found in patient-used flexible endoscopes. The goal of this study was to use a test soil that
sirnulates the soil found in patient-used flexible endoscopes, not merely any organic
substance, to detennine whether this organic challenge has an effect on disinfectant efficacy
against the test bacteria.

Reuse of chernical gerrnicides for disinfection of heat sensitive medical devices is
routine in health-care facilities. Dilution of the disinfectant is also known to occur during
reuse. Althou& manufacturers often recomrnend product reuse for only a specifïc period,
this is not dways adhered to and rnay contribute to inadvertent dilution of the disinfectant
through multiple use. Previous studies aimost always focused on specific disinfectant
concentrations. The range of disinfectant concentrations was not great. This study took into
considerationthe fact that disinfectants used in real-life may inadvertently be diluted through

use. This dilution of the disinfectant may eventually create an environment in which bacteria
are able to s u ~ v e .The use of the suspension test method protocol and the use of a range

of concentrations of disinfectants addresses the issuethat multiple antibiotic resistant bacteria
e effects of sub-optimal concentrations of disinfectant.
may overcome and s u ~ v the

In addition to specific disinfection concentrations, the previous studies dso focused
on specific disinfectant exposure times. The investigators picked certain tirne points in the
disinfectant to test the su~vabilityofthe particular test strain. In this study, we propose the
idea that muitiple antibiotic resistant bacteria may be able to tolerate the effects of the
disinfectant over prolonged exposure times. To test this idea, the suspension test protocol

was created to include the observation of the test bactena in the disinfectant over a period

of 24 hours,

7. Espenmental Hypothesis of Current Project
The research published to date indicatethat antibiotic resistant bacteria do not exhibit
increased resistance to disinfèctants than antibiotic susceptible bacteria.

Our midy

investigates the issues that have not been dealt with in the previous studies such as
disinfectant resistance in the GISA and other multiple antibiotic resistant strains. Previous
studies have not addressed the issue of penetration of the disinfectant into the bacterial ceU.
The use of Mycobacterium and other organkms expressing non-specific rnechanisms of
antibiotic resistance attempts to determine the eEect of penetration. Our study also evduates
the effects of disinfectant exposure tïme/concentration and the ability of multiple antibiotic
resistant bacteria to outgrow in the test disinfectant.

It is our hypothesis that the multiple antibiotic resistant test bactena that have shown
increased resistance to antibiotics or have b e n irnplicated in hospital outbreaks, will be more
resistant to the test disinfectants when compared to the multiple antibiotic susceptible test
bacteria under the specsc test conditions we have chosen.

The objective was to utilize both the surface carrier and suspension methods. The
surface carrier method will allow for the cornparison of resistance to disinfectants of the
multiple resistant and susceptible test bacteria that are in the presence of an organic soi1

(ATS), which is a soiI that has been formulated to simulate the worst case soi1 leveis
measured on patient-used flexible endoscopes ( 3 ) . The bacterial/ATS suspension are
inoculated ont0 a small diarneter Iumened surface. Because the suspension method d l be
observed over 24 hours, this method will allow us to determine the resistance of the test

bacteria to decreasing concentrations of the test disinfectant and to obsewe over a speczc
period of tirne whether there is a difEerence in outgrowth abilities of the resistant strains
comparesi to the susceptible ones.

MATERiALS AND MXTHODS
1. Test Bacteria

Bacterial strains were obtained from various research groups around the world. The
choice of isolate was based on Our hypothesis of wanting to test multiple antibiotic resistant
isolates that have been involved in hospital outbreaks.

We chose these isolates as

environmental s u ~ v amay
l have contnbuted to their spread with the hospitals. Ail bacterial
strains have been approved for specified use by the provider and proper permits were
obtained from HeaIth Canada and the Canadian Food Inspection Agency.
Acitzefobacter bazrrnantiiiR1(76) is a clinicai strain obtained from a medical intensive
care unit in Birmingham, Alabama, U.S.A. It is a multiple antibiotic resistant strain resistant
to arnikaciq gentamicin, to bramycin, t hird-generation cephalosporins, ciprofloxacin,
ampicillin/sulbacram, ticarcillin/clavulanateand piperacillin. This strain is oniy susceptible to
imipenem.
Acinetobacter baurnatvziiR2 (94) is a gentamicin-resistant outbreak strain obtained
fiom a medical intensive care unit in Perth, Australia.
Acirzetobacter bnumorzrziisl is a dinical, multiple antibiotic sensitive strain obtained
from the St. Boniface General Hospital, Winnipeg, Canada.

A lcoligenes xylosoxidanF1( 1 3 7) is an outbreak strain originating from a pediatric
bums unit in Paris, France. The susceptibility pattern of this strain shows that it is susceptible

to ticarcillin, piperacillin, cefkazidime, rnoxalactam, imipenem and cotrimoxazoleand resistant
to cefotaxime, cefepime, cefpirome, aztreonam, colistin, ciprofloxacin, gentamicin,
tobramycin, netilmicin and amikacin. This strain is also highly resistant to the antiseptic,

chlorhexidine with a minimum bactencidal concentration of greater than 2000 m a .

Alcnlgettes xylosoxidarr.?' strain is a clinical, multiple antibiotic sensitive strain
obtained from the St. Boniface General Hospital, Winnipeg, Canada. A summary of the
Gram-negative test bacteria can be found in Table 2.
Eltlerococczrsfaeciifl and E ~ z r e r o c o c n ~ s f a eare
c i ~out
~ ~break strains O bt ained
from Regina and Saskatoon, Canada respectively and provided by Dr. Michael Mulvey of the
Canadian Science Centre for Hurnan and Animai Heaith, Winm*peg,Canada. Both strains are
resistant to vancornycin, ampicillin, ciprofloxacin, gent-cin,

pe~cillin,streptomycin and

tetracycline,
Enterococcxs faecim* strain is a clinical strain obtained from the St. Boniface
General Hospital, Winnipeg, Canada. It is also resistant to al1 the antibiotics mentioned for .
the 2 other resistant

faecimz strains

E,vferococnlsfaechm ATCC 35667 was obtained from t h e Amen'can Type Culture
Collection, Rockville, Maryland, U.S.A. This strain is a multiple antibiotic sensitive strain.
A summary of the Enlerococnrsfaecitrm test strains can be found in Table 3.

StaphyIococctrsmueu?

(55) is a homogeneous resistant, vancomycin intemediate

resistant (VISA) strain resistant to vancomycin and methicillin. S. aureuP1 (54) is a strain
that exhibits heterogeneous resistance to vancomycin. It is capable ofgenerating S.arreu?like cells by vancomycin selection with a frequency of 1 in 1,000,000 cells. Both test strains
were obtained fiom a patient in Tokyo, Japan. Both strains exhibit an MIC of 8ugh.i of
vancomycin.

Bacterial Strain

Source

Type

E~~terococcirs
faecitrm

Canada

MR, O

Etiterococcrrs faeciirm

Canada

MR,O

Canada

MR, C

Study Designation

E~~terococcirs
faeciitm
E. faecizrni

1

Etitrrococcrrs faecirini

Table 3: Enterococcus faeciunt Test Bncterir

The table represents al1 of the Et~terococcitsjoeciirnibacterial strains tested and where each strain originated. The type of organism
(MR= multiple antibiotic resistant; MS= multiple antibiotic susceptible; O = hospital outbreak strain; C= clinical strain) was also indicated.
Each bacterial strain was also given a study designation to differentiate the multiple test strains.

Bacterial Strriin

Stody Org~nizrtion

Japan (5 5)

StcrphyIococ~~r~
nciretrs
S,crtrretrs

Japan (55)
Canada

MR, O

Canada
Canada

MR,O

Table 4: Stnphyfococcus acrrecis Test Bacterin

The table represents al1 ofthe Staphylococcus aureus bacterial strains tested and where each strain originated. The type of organism
(MR= multiple antibiotic resistant ;MS= multiple antibiotic susceptible; O = hospital outbreak strain) was also indicated. Each bacterial strain
was also given a study designation to differentiate the multiple test strains.

Bacterial Strain
Mycobacteritrm chelo~tae

United Kingdom (46)

MR

Mycobacterirrm cheloriae

ATCC

MS

Source

Type

Study Designation

Mycobacieriirni chelorwe
M. chelortae
Mycobacferiimt chelorlue R2

M,chelotlae R2
Table 5: Mycobncterium cltelonne Test Bacterir
The table represents al1 of the Mycobocteriirm chelor~aebacterial sirains tested and where each strain originated. The type of
organism (MR= multiple antibiotic resistant; MS= multiple antibiotic susceptible) w ~ also
s indicated. Each bacterial strain was also given
a study designation to differentiate the multiple test strains.

Staphyfococm aurez#,

Staphyflococcs atrreu?

and S~aphyfococcz~s
atrrerrp are

methicillin resistant strains obtained from an outbreak in Toronto, Canada; Kingston, Canada

and Toronto, Canada respectively. Al1 three strains were provided by Dr. Michael Mulvey
at the Canadian Science Centre for Human and Animai HeaIth, Winnipeg, Canada.
StaphylococcrrsairrerrsATCC 25923 was obtained fiom the American Type Culture

Collection, Rockville, Maryland, U.S.A. This strain is a multiple antibiotic resistant strain.

The Staphylococczis arrrezis test strains are sumrnarized in Table 4.

Mycobacferiurn chelotia8' (46) is glutaraldehyde resistant strain obtained fiom
endoscope washer disinfectors in Birmingham, United Kingdom.

Mycobacferirm chelotzae

obtained Frorn the Arnerican Type Culture Collection,

RocLaille, Maryland, U.S.A. is a glutaraldehyde sensitive strain. The summary list for theM.

cheiorzae strains is Iisted in Table 5 Upon receiving each culture, it was sub-cultured o n trypticase soy agar (TSA)
(Becton Dickinson, Cockeysviflle, Maryland, U.S.A.).M. chclotrae strains were sub-cultured
ont0 TSA supplemented with 5% whole, sheep bfood (BA)(Oxoid, Toronto, Canada) to

check for purity and stocked down in skim milk aliquots and stored at -70

O C

untiI needed.

2. Test Disinfectants

The following disinfectants were utilized in both t h e surface carrier and suspension
tests (Table 6): Glutaraldehyde (MetricideTh<,Sybron Canada, Ontario, Canada) at a stock
concentration of 2% (w/v), sodium hypochlorite (~avex-, Colgate-Palmolive, Toronto,
Canada) with a stock solution of 5% (v/v), hydrogen peroxide ( ~ ~ d r o Virox
x ~ (

Technologies, Mississauga, Canada ) at a stock solution of 3% (v/v), phenolic compound
(LpHse, Calgon-Vestal, Mississauga, Canada) and a quatemary ammonium compound
(Coverage 256, CaIgon-Vestal, Mississauga, Canada) both used as a 1:250 dilution in sterile,
distilied water as per manufacturer's recommendations.
3. Surface Carrier Test

i) Bacterial Preparation and Inoculation

AU test bactena were evaluated in the Surface Carrier Test. Both M. chelonae
strains were sub-cultured f?om the -70 OC stock onto BA plates and incubated 48 hours at
30°C. This resulting culture was again passaged two additional times in the sarne manner.

The rernaining test strauis were sub-cultured onto TSA plates from the -70 "C stock and
incubated at 3 7 O C overnight. The resulting culture was again passaged two additional times
in the same manner to ensure an optimal growth and rnetabolic natus (87). S. aureusRZand

S. aurez&'

were additionally sub-cultured onto CNA supplemented with 8 ug/ml of

vancomycin d e r the three passages on TSA.

The additional growth on CNA with

vancomycin plates was to ensure the isolate was expressing increased celi wall synthesis
which is thought to be the basis of its vancornycin-resistance (55).

For al1 the test bacteria, excluding the M. chelonaeSL,a bacterial suspension with
turbidity equivalent to a 0.5 McFarland turbidity standard was prepared in TSB to give a
suspension of approximately 1O8 c W d . A suspension of approximately 1o8cfÙ/mi of M.
chelonaeS1strain was prepared by swabbing 5 BA plates that were incubated for 48 hours
at 30 OC. The bacteria were suspended into 2 ml of TSB, vortexed for 30 seconds and

sonicated for 3 seconds, two times. The suspension was ailowed to settle for 2 minutes to

sediment bacterial clumps and lm1 was removed and transferred into a 1 ?A ml
microcentnfuge tube and centrifuged at 7,000 rpm for 10 minutes at 4 O C . The supernatant
was removed and the peiiet was resuspended in 1 mi of TSB.

One millilitre of each test suspension containhg approximately 10%cfu's/ml was
transferred into a separate microcentrifuge tube and centrïfùged at 14,000 rpm for 5 minutes
at 4 OC. The supernatant was removed and the pellet was resuspended in 1 ml of anificial test

soil (ATS). To determine initial bacterial inoculurn counts of the artificid test soiYbacteria1
suspension, seriai 1:10 dilutions in TSB were performed, 100 uls. of the 1U3to 1o4 dilutions
were spread over the surface of BA plates forMycobacterium strains and incubated at 30 O

C

for 48 hours. For the remaining test bacteria, TSA plates were used and incubated at 37 OC
ovemight.
Polyvinyl chloride tubing (Naigene, Rochester, New York, U.S.A.) with an interna1
diameter of 118 inch, was cut into 2 cm. lengths and were wrapped using autoclaveable peel
pouches (S terikingnf, Wipak Medicai, Nastola, Finland) and stearn sterilized on a meen
minute liquid sterilization cycle (121 OC,15 psi, 15 minutes). The lumen carriers were chosen
to mhic the plastic surfaces Erequently encountered in medical devices. The 1/8 inch
diarneter of the lumen is similar to that of the biopsy channel of flexible endoscopes. The
lumen carriers were lefi in the pouches for at least 1 week as this ensured that they were well
dried before use. Ten microlitres of the artificial test soil/bactenal suspension were inoculateci
into each lumen carrier that was then dried by holding them in a sterile petri dish at room
temperature oveniight.

ii) Artificial Test Soi1
The artificial test soi1 (ATS) used is a proprietary formulation that provides protein,
carbohydrate, endoto-

hemoglobin and a sait concentration similar to the worst-case levels

reported by Alfa et al. (3). A new batch of artificial test soi1 was prepared before each day

an assay is run.
iii) Neutralizing Agent

To eliminate any residuai effects of the test disinfectant against the bacteria after
experimental exposure was complete, al1 carriers were nnsed, then a neutralking agent was
utiiized. The agent that was chosen for this assay was 10% FBS made up in sterile, distilleci
water.
iv) Protocol

The entire assay was performed in a Class LI B3 safety cabinet. Inoculated lumen
carriers were placed into 3 ml of the test disinfectant in 12 mi plastic, snap-cap test tubes

(Simport, Quebec, Canada) using stede, medical hemastats. Tubes were inspected to ensure
that the lumen was positioned at the bottom ofthe tube and that no air bubbles were present
within the Iwnen of the carrier. Total disinfectant contact must be achieved. The Lumen

carriers were allowed to sit in the disllifectant for the predetermined exposure time; twenty
minutes for glutaraldehyde, sodium hypochlorite and hydrogen peroxide; ten minutes for
phenolic and quatemary ammonium compounds. These exposure times were chosen as per
manufacturers' recommendations.
M e r exposure, the test disinfectant was removed with a stenle Pasteur pipette

comected to a vacurnn line. Care was taken not to touch the inner lumen of the camer and

tu use a gentle vacumn so as not to remove any of the bacteria from the lumen carrier.

Three millilitres of sterile, 0.01M phosphate-buffered saline (PBS) with a pH of 7.5 was
added carefuiiy to the tube to rime the lumen carrier. The PBS was removed by the Pasteur
pipette and vacumn. The PBS rinse step was repeated twice.

Upon completion ofthe Iast rinse, the Iumen carrier was removed f?om the tube with
stede, medical hernastats and placed into a 4 mi, plastic, snap-cap test tube (Sirnport,
Quebec, Canada) containing 2 ml of 10% FBS neutralking agent. To release the bacteria
&om the lumen carrier, the tube was vortexed for 5 minutes and sonicated for 3 seconds.
The sonication step was repeated one more tïme. Serial 1:10 dilutions in TSB supplemented

with 10%FBS were performed and 100 uls. of the direct through to 104dilution was spread
onto TSA plates and incubated at 37 OC for 48 hours to determine the &'s/

mi of residual,

viable bacteria.
ForMycobacîerium strains, the 1:10 serial dilutions were also made up in TSB and
100 uls. ofthe direct through to the 104dilution were spread ont0 BA plates and incubated

at 30 OC for behveen 72 and 96 hours. Incubation beyond 96 hours made counting bacterial
colonies dficult for M. chelo,zaesl strain because individual colonies tended to grow
together.

A recoverable bioburden control was done for every test bacterid strain to determine
the residual viable bactena on the carrier if the whole assay was performed in the absence

of disinfeaant. This recoverable bioburden (RB) count allows analysis of the fluid effect of
the disinfectant experiments. The RB controls were inoculated and processed exactly the
same as the test c h e r except that PBS was substituted for disinfectant. As a negative

control a sterïlized lumen carrier was asepticdy placed into 10 ml of TSB and incubated at
37 OC for 72 hours and checked for sterility.
4. In-use Disinfection Evaluation

i) Questionnaire
A questionnaire was compiled to get pertinent information about routine cleaning

andor disinfection ofpatient rooms at the St. Boniface General Hospital, Winnipeg, Canada.
A copy of the questionnaire has been included in Appendix 1.
ii) Ward

The Xnfection Control department ofthe St. Boniface hospital facilitated contact with
the director of support seMces who oversees support services personnel. The director
agreed to permit the author to observe support seMce p e r s o ~ eon
l three different wards at
the hospital.

Two geriatric wards and 1 neonatal intensive care unit (NICU) were observed.
Within 1 genatic ward, three staEmembers were obsewed. In the other geriatric ward, two
staff members and in the NICU, 1 staff member was observed. For each

n e rnember,

~Ieaningdisinfectingof two rooms each, was obsewed.
iii) Protocol

Before meeting with the support service staff, they were briefed about what would
take place. The Director informed them that observation of cleaning andor disinfection
would take place in order to determine actual contact times of cieaning and disinfecting
agents on hard surfaces cleaned by the support seMces staff and this information would only
be used to adjust experimental disinfectant exposure times for the Surface Carrier Test.

Prior to the actud cleaning ofthe rooms, support services staffwere asked what the
type and concentration of cleaning and/or disinfecting agents that they used to clean the
rooms. Objects in the room were recorded as either being present in the room or absent. It
was also determined for each object in the room, whether routine cleani-ngandlor disinfecting
was perfonned on the specinc object. At the start of cleaning and/or disinfecting of an

object, a pocket-sized timer was used to measure the contact tirne of the cleaning or
d i s i n f h g agent for that object. The end of exposure was detetmined to be the t h e when
the cleaning and/or disinfecting agent had visibly evaporated fiom the object or when the

object was wiped dry by the support senrice stafT
5. Suspension Test

i) Bacterial Preparation and Inoculation

For this part of the project, only the following strains were tested: A. baztmanni~,
A. baurnat~~zii~',
E. faeciufl, E. faeciumsl,S. m r e t t P ,

S. aurezrP, S. aureu.P, M.

c h e l o d l and M chelutzaesl.Ail strains, except Mycobacleriirm che~onae were subcultured fiom the 70°C stock ont0 TSA plates and inciibated ovemight at 37 OC. The
resulting culture was passaged two additional times to ensure that the organism had an
optimal growth and metabolic status (87). S. mrreup was additionally sub-cultured ont0

colistin/naladixic acid (CNA) supplemented with 8 u g / mi of vancomycin @Ïfco
Laboratones, Detroit, Michigan, U.S.A.). This was performed to stimulatethe augmentation
of cell w d synthesis (55).
Five to ten colonies of an oveniight culture on TSA was used to inoculate 5 ml of
trypticase soy broth (TSB) (Sigma, St. Louis, Missouri, U.S.A-)(87). The media was then

incubated for four to five hours at 3 7 OC Wrth mild shalàng to promote uniformity and
optimization and growth. M e r incubation, the culture was adjusted to a turbidity equivalent
to a 0.5 McFarland turbidity standard (87). Senal 1:10 dilutions in TSB were performed and
100 microlitres of each dilution were spread over the surfice of a TSA plate and incubated
at 37 degrees ovemïghtto detemiine the viable, c h of each strain. The 0.5 McFarland was
dso diluted 1:IO0 in TSB supplemented with 10% (v/v) FBS. Ten microlitres of thïs dilution
are used to inoculate the test weUs for the suspension test. The final concentration of bactena

in the wells would approximately be 10~cWr1-d(87)
Mycobacterium sîrains were sub-cultured, from the -70 "C stock onto BA plates.
The plates were incubated at 30 O

C

for 48 hours. It was passaged in this way two additional

times From the 48 hour culture o f M c h e l ~ r w 8 ~a,bacterid suspension with turbidity
equivalent to a 0.5 McFarland turbidity standard was prepared in TSB.
Five, BA plates ofM chelomesl that had been incubated for 48 hours, were swabbed
and suspended in 2 ml of TSB making sure to break up the aggregates of bacteria. This strain

exhibited a drier, flakier colony characteristic compared to the M. chelmaeR1strain. The
suspension was vortexed and sonicated for three seconds, two times. The suspension was
then dlowed to settle for 2 minutes and 1 ml was removed and transferred to a 1 ?4ml
"crocenuifuge tube and centrifiged at 7000 rpm for 10 minutes at 4 OC- The supernatant
was removed and resuspended in 1 ml of TSB. The resuspended culture o f M chelotzaes'and
the 0.5 McFarIand suspension o f M chelorta8' were senaily diluted 1:10 in TSB, 100 ul o f
the 105 " 10d dilutions were plated onto BA plates (eg. spread plate method used to
determine the viable bacterial count) and incubated at 30 O C for 48 hours to determilie cfu

present. The resulting concentration of bacteria in the wells should be approximately 105
&ml.

These suspensions were also diluted 1:100 in TSB t 10% FBS to use for inoculation

of the weiis. Ten microlitres were used to inoculate the test weiIs.
ii) Assay Media
The media used in the test wells was TSB(Sigma, St. Louis, Mksouri, U.S.A.)
prepared as manufacturer's recommendations, supplemented with 10% fetal bovine serum
(Gibco, Grand Island, New York, U.S.A-). The FBS was added to provide an organic
challenge. ATS-B could not be used for this purpose as it interfered with absorbance
detenninations.

üi) Disinfectant Concentration and Exposure
Giutaraldehyde was prepared according to the manufacturers recommendations and
the stock solution was diluted 1:2 with sterile, distilled water to give the first test

concentration of giutaraldehyde of 1%. The 5% stock solution of sodium hypochlonte was
diluted 1:10 in sterile, distilled water to give the first test concentraion of 0.5% (vlv).

Hydrogen peroxide was used directly f?om the stock solution gïving a prelimuiary hydrogen
peroxide concentration of 3% (v/v). Both phenolic and quaternary ammonium were diiuted
1:250 with nerile, distilled water as per manufacturers' recommendations.

Growth of each test bacterium in the presence of the disinfectant, excluding
Mycobacterium, was evaiuated over 24 hours.

Since Mycobacterium cheionae is

considerably slower growing, growth in the presence of the test disinfectants was evduated
at 120 hours.

iv) Positive Controls

Two types of positive controls were prepared for each assay mn. Both positive
controls contained oniy TSB with 10% FBS media and the specific test bacteria. These
controls did not contain any disinfectant wi-thin the wells. One positive control was placed
on the same assay tray as the test, meaning that this positive control was not in direct contact
with disinfectant but may be exposed to it, if vaporization or aerosolization ofthe disinfectant
occurred. The second positive control was placed on a separate tray that contained no
disinfectant. Bot h trays were subjected to identical assay conditions.
v) Equipment

The Bioscreen C System (Labsystems, Helsinki, Finland) was used to detem'ne
~ r o w t hcurves in 100 well assay trays. The growth curve reader was located at the Canadian
Science Centre for Human and Animal Health, Winnipeg, Canada. The run conditions
chosen for this experiment were taken k o m the Standard Operational Procedure Manual of
the Bioscreen C system and were as foIiows:
2) Single WaveIength
2) Wideband filter (gives an average of several wavelengths, which is a more robust

reading than from a single wavelength)
3) Incubating Temperature of 30 OC for M. chelonae strains and 37 OC degrees for

the remaining test bacteria
4) No preheating time was used

5) Kineticai Measurement

6) Measurement time of 120 hours for M. chelonae and 24 hours for the rernaining

test bacteria
7) Interval between turbidity measurements was set at thirty minutes forM- chelottae
and ten minutes for the remaining test bacteria
8) Medium shaking intensity
9) Co ntinuous shaking regime
vi) Prototol

Two, 100 well trays were used for each test bacterial strain against each disinfectant.

In one tray, 200 ut of TSB with 10% FBS were added each to three welk This tray was the
positive control with no disinfectants present.

In the other tray, 4 ( 1 blank and 3 replicates) senes of 8 vertical wells were prepared
with the fint well in each series containing no media. Two hundred microlitres of TSB with
10% FBS were added to the following seven wells. Four hundred microlitres of the test

disinfectant were then added to the first welI ofeach series. By transfemng 200 uIs, senal 1:2
dilutions were then made to the foltowing vertical weils in the senes. The final 8 specific
serial dilutions of each disinfectant are shown in Table 7-

In the same tray, 200 uls. of TSB with IO% FBS was added to three wells Iocated
the farthest away fiom the disinfectants. These wells were our positive controls in the
presence of disinfiiant. Each well, except the first senes, was then inoculated with 10 uIs.

ofthe bacterial preparation with a multi-channel pipettor. The first series was used as a blank
control for the disinfectant and media. Before inserting the trays into the Bioscreen C
apparatus, the bottoms ofthe trays were wiped with Kimwipes (Kimberly-Clark, Mississauga,
Canada) to eliminate any rnaterial that might interfere with absorbance readings.

Table 7: Test Disinfectant Concentrations and Dilutions for the Suspension Test
Method
;

Test disinfectant was added to the suspension test wells in a series of 8 senal dilutions. The
table represents the range of 8 concentrations used for the test disinfectants
(G=glutaddehyde; SH=sodium hypochionte; HP= hydrogen peroxide) or dilutions used for
the phenolic disinfectant (P) and the quatemary ammonium compound (QAC) in the
Suspension Test.

RESULTS
Section One: Surface Camer Test
i) Experimental Controls
A critical step in assessing disinfectant efficacy is that of neutralization ofany residuai

disinfiant. A disinfectant must be neutralized once the test exposure has terminated in
order to prevent a "carry-over" effect where the disinfectant continues to kill organisms
despite removal of disinfectant. There have b e n many neutralizing agents used based on
the disinfectant and bacteria tested ( 125, 129, 108). The two neutralizing agents we tested
were a phosphate-buffered solution supplemented with 5% Tween 80 (46) and a 10% FBS
solution in sterile, distiiled water.

The protocol used was identical to the Surface Canier Test protocol described in the
Materials and Methods section except that the sonication penod was 5 seconds instead of 2.
The test disinfectants included 2% glutaraldehyde, 0.5% sodium hypochlorite and 0.04%
h y drogen peroxide and S~aphyiococmrs
awelts ATCC st rai n 25 923, Dnerococnsfaecaiis

ATCC strain 29 12 and ficherichio coli ATCC strain 25922 were the test bactena.

These

test bacteria were chosen for their antibiotic susceptibility and would be expected to be the
most sensitive to disinfectant killing. E. coli ATCC 25922 was chosen for evaluating the
effect on Gram-negative organisms. Each bacterial species was tested with each of the
disinfectants and each of the potential neutralizing agents. As a control for this preliminary
test, the protocol was performed in the absence of a neutralizing agent. Table 8 shows the
test bacteria against specific disinfectants with each neutralizing agent. When exposed to
glutaraldehyde and sodium hypochlorite, no residual bactena were detectable when

NEUTRALrZING AGENT

--

Inoculum

PBS-Tween 80

10%

FBS

None

EIEUTRALIZING AGENT
PBS-Tween 80

l

10%

FBS

Noue

S-aureus

E: coli

1.23 s IO'
s 107

+O.I
-

NEUTRALIZING AGENT
I

I

10%

FBS

S. aureus

E coli

Table 8 :Neutralizing Agent Evaluation

- Inoculated, dried lumen carriers containing 10 uls. of S~aphyIococcusaureus ATCC
25923, Enferococcusfaecaks ATCC 29 12 and ficherichia coli ATCC 25922 suspended in
artificial test soi1were exposed to a) 2% percent glutaraidehyde;b) 0.5% sodium hypochlonte
or c) 0.04% hydrogen peroxide for 20 rnins. The table represents the viable cfu'skamer after
neutralization with either PBS-Tween 80, 10% FBS or no neutralizing agent. The initial
colony forming unÏts inoculated ont0 each camer (Inoculum) is also recorded. The results
indicate t h e average of three replicates (2 SD) and the limit of detection (Id) is 20
cfii's/carrier.

1

neutralized with PBS with Tween 80 or 10% FBS. So no evaluation could be made fiom
these specific tests. The only residual bacteria detected was from the hydrogen peroxide
experiments.
From this data, we deterrnined that the loss of bactena when no neutralinng agent

was used was approximately 3 4 logs,,.

The use of PBS with Tween 80 shows this

equivalent loss. When 10% FBS was used for neutraiization, there was approximately a 2
log,, increase in bacterial s u ~ v a l .Based on this data, we conduded that 10% FBS was a
more effective neutraiizïng agent and it was chosen to be the neutralizing agent for dl
subsequent surface canier tests. In the literature, 10% FBS is widely used as a neutralizing
agent because it can be used with a wide variety of disinfectants.

E. coli ATCC 25922 showed no residual bactena in any of the neutralizing tests.
Since the vortex and sonication of the bacteria were the moa physical steps of the protocol,
we questioned whether the absence of residual E- coli was due to these manipulations. We
postuiated that

coli that suwived and remained on the lumen carrier post-exposure to the

disinfectant may have been killed by the sonication steps. Sonication uses ultrasonic
fiequency waves to remove and separate bactena. Bactena must be exposed to this

ultrasonic fiequency at very low doses as prolonged exposure creates heat that will kill the
bacteria. Ifprolonged exposure must be used, srnaller intervals of exposure and a coolinj
step shodd be pe~onned.

The sonication was tested by inoculating E. coli suspended in ATS ont0 lumen

carriers and dned. The inoculated, dried carrier was placed into 2 ml of 10% F'BS and
vortexed for 5 minutes and sonicated for either 5 seconds or 2 seconds, twice. The

recoverable bactena after the 5 and 2 second exposures indicated that a 2 second exposure
kills fewer bacteria than the five second exposure. The two second sonication exposure was
then incorporated into the Surface Cmier Test protocol.
The Surface Carrier Test protocol involves many steps in which bactena could be
removed fi-omthe lumen carrier simply because of the fluid effect. Therefore, controls must
be performed to ensure that the viable bacterial count on the carrier is accurate. Bactena that
have been removed h m the lumen canier by fluid exposure, but are not killed by the
disinfectant, will be lost when the c h e r is removed fiom the disinfectant and washed. This
removable of viable bacteria by the fluid rnay skew the data and result in conclusions that the
disinfectant's efficacy is better than it actually is.
We set up four fluid and procedural controIs with the sarne bacteria used tu evaluate
the neutralin'ng agent Fig. 1). These controls ensure that none of the protoocoi's fluid

exposure steps influence the h a l , viable, bacterial count. Figure 1 shows a combination of
the controls tested. Table 8, provides the data for viable bacteria after the entire protocol
was performed using 3 ml of PBS instead of any disinfectant. The results show us that the
procedure of Control 1 contributes the most to the Ioss of bacteria. Since the loss of bacteria
is substantial, especially for E. faecalis and E. coli, this control must be mn with every
surface carrier test performed to allow evaluation ofthe fluid effect on the experiment. Ifthe
fluid effèct is not accounted for, there may be over-interpretation of the disinfectant's

efficacy.

Control # I

101

Conuol#2

La

Control fir3

m

Control #4

G a

Inocu lated PVC Lumen Carriers

7

D

PBS

Rime & Vacumn

Vortex & Sonicate

PBS

Vonex & Sonicate

Vortex & Sonicate

Dilutc & PIatc

PBS

R k e & Vacumn

Vortex 8 Sonicate

il
Dilute & Plate

Dilutc 9: Plate

Figure 1: Schematic Flow-Chart of the Four Surface Carrier Test Controls

Four different test controls for the Surface Carrier Test were performed to determine
which control is most likely to remove the rnost bacteria from the lumen carrier. In tum, we
used this data to account for the fluid effect of the Surface Carrier Test protocol.

Inoculum

S-aureus

1-3x

lo7

+0.3 x 10'
-

Efaeccalis

Control 1

Control 2

Control3

4-0x 106
+ 0.9~1o6
-

8-9 x '01
+ 0.2 x 107

7.4x 106
5 0.3 x 106

+

1-9 x IO7
I 0 . 3 x 10'

9.3 x 10"
+0.2
x 105
-

9-6x10~

6.5 x IO4

t O . 3 x 106
-

20.8 x 10'

Control 4

1.7 x 106
0-2 105

< Id

Table 9: Evaluation of the Fluid Effect on the Surface Carrier Test
Lumen carriers were inoculated with 10 uls. ofS~qhy~ococrusrnlreus
ATCC 25923,
E~erococcus
faecalis ATCC 29 12 and Escherichia coli ATCC 25922 suspended in artificial
test soil and dried overnight. These inoculated, dried camers were processed through four
controls described in Figure #. The data represent the viable cfù'dcarrier for the average of
three replicates (5SD). The number of cfu's inoculated onto each carrier (Inoculum) is also
recorded. The lirnit of detection (Id) is 20 cfù's/camer.

ii) Assay
a) Staphylococcus ameus

Table 1O shows the results of the Surface Carrier Test of all S. a r e u s test strains with
each of the test disinfectants. The minimum initial inoculum of 1o6cfiicarrier was achieved
for ail test strains. The minimum initial inoculurn count is important as disinfectants must
produce a 6 log,, kill to be considered a high level dissectant. The recoverable bioburden
(RB) values show only a slight fluid ef3ec-ton the S. uureus strains. The decrease in counts

is approxhately 0.5 to 1 log,, in the controls. There was minimal loss of S. aureus strains

on the camer due to the protocol manipulations.
When the test strains were exposed to 2% glutaraldehyde, o d y

S.aureusR' and

aureurP1,

azireup strains showed detectable, viable bacteria. The residual bactena

were in very low amounts. This experiment was repeated twice with these strains against
gfutarddehyde and interestingly,these strains showed vanable results. The residual bacterial
count for each strain was not consistent. In one experiment, one strain showed Iow-level
s u ~ v and
d when repeated, it did not. This sporadic sum*vaIof bactena may be attributed
by the characteristics of glutarddehyde.
No growth was observed in 0.5% sodium hypochiorite and the QAC in any of the test
strains. Growth did occur in 3% hydrogen peroxide with S. aureu8', S. aureuSR4and
m r r e t p strains. These are the same strains in which growth was Observed in giutaraidehyde.
S. atrrezrfll, but not S. aurezr?

showed growth in both 3% hydrogen peroxide and the

phenolic compound. This was surpnsing as the S. ai<rez~s%trainis a homogeneous resistant
strain and S. aurez&'

is a heterogeneous resistant strain.

Everytest strain showed detectable, viable bacteria when exposedto 0-04%hydrogen
peroxide. The residual bactena ranged from 3 to 4 logs,, with the S. azirezdl strain showing
the lowen value of 2.6 x 1 O3and

aurez#

showing the highest residual bacteria at 1-7 x

104du.

Notable dzerences in strain resiçtance are found in 3% hydrogen peroxide. Three
multiple resistant svains (S. armwp,

mrreuP and X aureuJR5) showed residual bacteria

while the multiple susceptible dong with the rernaining multiple resistant strains (5'- aureufl
and S.arreusR2)did not.

DlSINFECTANTS TPSTED (Conceiitrntion or Diliition)
r

RB

Inoculum
1

1

G (2%)
1

1

sri (0.5%)
< Id

IIP (3%)

HP (0.04%)

2.0s1O'

4.2s10'

-t 0.1 s 10'

-t 0,8x

10)

P (1:2so)
5.0~10'
10'

QAC (I:ZSO)
< Id

3 0,7 s

Table 10: Surface Carrier Test of Stnpltylococci~snrcrcus Strnins

Results show the viable cfÙ's/carrier of each S. ot~witsstrain againsi 2% glutaraldeliyde (G), 0.5% sodium hypochlorite (SH), 3%
hydrogen peroxide (HP), 0.04% hydrogen peroxide ( HP), phenolic (P) and quaternary ammonium compound (QAC) disinfectanis. The
number of c h ' s inoculated onto each carrier (Inoculum) and recoverable bioburden control counts per carrier (RB) are also recorded. Values
are averages of three replicates (+ SD). The limit of deteciion (Id) is 20 cfu'slcarrier.

b) Enterococcusfaecium

The Surface Carrier Test results for E. faecizrm test strauis are found in Table 1 1.
The four test strains attained the minimal initiai inoculum count of 1o6 &carrier_

The

control (RB) showed a decrease from the initiai inoculum bacterial counts. A decrease of
approximately 1.5 - 2 logs,, of bacteria were observed. The three multiple resistant strains

(E f a e c i d ' , E-f a e c i u e and E. faecirifl) showed more loss of bactena in the control
than the multiple susceptible
lower than those for the

fueciums' strain. The recoverable bioburden values were

aureus strains even though the initial inoculum ofE. faecium was

higher. This suggests that the multiple antibiotic resistant E. faecium test straïns adhere less
to the lumen carrier than any of the S. m e u s test strains. It is also interesting to note that
both multiple antibiotic susceptible strains of

mrreus and E. faecizm showed decreased

removal f?om the lumen carrier compared to al1 of the multiple antibiotic resistant strains.
None ofthe E. faecim strains showed viable bacteria, post-exposure to 2% giutaraldehyde,

0.5% sodium hypochlorite, 3% hydrogen peroxide or the quaternary ammonium compound.
These disidectants promote at least a 5 log,, kill in all test strains. These disinfectants
showed more kiliing activity against the E. faecium than

aureus strains.

The phenolic based disinfectant was effective against the multiple antibiotic resistant

E-f a e c i u e strain and the susceptible E. faecizumsl strain. The two other resistant strains,
E. faecizrfl and E.faecizdl showed survival in the phenolic disinfectant. ~ h E.efaeciumR1
strain showed suMval of less than 10 cfiiCamer while E. faeciu#

showed 2 logs,, of

S U M V ~-

Once again, as with the S. atmus strains, the 0.04% hydrogen peroxide was less

effective compared to 3% hydrogen peroxide. The 0.04% concentration of hydrogen
peroxide o d y produced a 2.5 - 3 log,, hl[. From the data in Tables 10 and 1 1, the S. mrret1.s
strains appeared more resistant to hydrogen peroxïde killing cornpared to the E. faecim
strains tested.
Notable resistance differences occur in the phenolic compound. E faecfimEand E.
faecizrdl show slight resinance to the disinfectant while the other multiple antibiotic

resistant strain, E. faecizrfland E. faecizmzs' do no t.

DISINFECTANTS TESTED (Concentration or Dilution)
lnoculum
E.
faecium

1,3 .u 10'

-+0.2 x 10'

RB
6.3 s 10'

--t 0.2 s IO6

G (2%)
< Id

SH(O,SO/~)

< Id

HP(3%)
< Id

Table 11: Surface Carrier Test of Entcrococcits f(icciic»i Strnins
Results show the viable cfù'slcarrier of each E, focciwn strain against 2% glutaraldehyde (G), 0.5% sodium hypochlorite (SH), 3%
hydrogen peroxide (HP), 0.04% hydrogen peroxide (HP), phenolic (P) and quaternnry amrnoniuni compound (QAC) disinfectants. The
number ofch's inoculated onto each camer (Inoculum) and recoverable bioburden control counts per carrier (RB) are also recorded. Values
are averages of three replicates(rrSD). The limit of detection (Id) is 20 cfu'stcarrier.

c) Mycobacten-mchelanae

The Surface Cmïer results for the M. chelmae strains are found in Table 12. The
initial inoculum counts of both strains attained the 6 log,, minimum count. However, an

initiai suspension of 10~cfu
in ATS was dif£ïcultas homogeneous suspensions were dif?ïcult
to achieve. The RB values indicate a fiuid effed decrease from the initial inoculum counts
of approximately 1.5 - 2 logs,,. This is comparable to the Ioss observed in

faecizm

strains-

No detectable, viable bacteria was observed when both M. chelonae strains were
exposed to sodium hypochlorite and 3% hydrogen peroxide. In 2% glutaraldehyde, theM

chelomzesl strain showed no detectable, viable residud bacteria. The M. chelor>oeR1strain
showed survivd of approxhately 2 logs,, of b a c t e ~ aThis is not surprishg considering the

M. chelonap strain was discovered because of it's reduced susceptibilityto glutarddehyde.
Residual bactena were observed in 0.04% hydrogen peroxide, phenoiic disinfectant and the
quatemary ammonium compound.

DISINPECTANTS TESTED (Concentrntion or Dilution)

M.
chelonae

M.
chefonne

-

-+ 0,2 x 10)

-t 0,l s 10'

3.6 s 10'

< Id

1,6 s IO6

2,8 x 105
f:0.6 r: 10'

< Id

< Id

2.7 x 106
+ 0.1 x 10'

-t 0.8 s IO6

3.3 x 10'

< Id

2,G s 10'

-+ 0,4 s 10'

1.8 ic IO1

-t O,]s 104
2.5 s 10'

-t 0,4 s 10)

2,7 s lo4
-t 0 . 1 s 105

l , l s IO'

-+ O. 1 s IO6

1.8 s 10'
+0,4 s IO2

1,9 s lo4

-+ 0,2 s 10'

1

Ta ble 12: Surface Carrier Test o f Mycobncteririnr chclorrnc St rnins

Results show the viable cfu'slcarrier of each M. chelome sisain against 2% glutaraldehydc (G), 0.5% sodium hypochlorite (SH),
3% hydrogen peroxide ( HP), 0.04% hydrogen peroxide (HP), plienolic (P) and quaternary ammonium compound (QAC) disinfectants.
The number of colony forming units inoculated onto each carrier (Inoculuiii) and recoverable bioburden control counts per carrier (RB) are
also recorded. Values are averages of three replicates (+ SD). The limit of de~ection(Id) is 20 cfu'slcarrier.

d) Acinetubacfer baumannii
Table 2 3 shows the Surface Canïer Test resuits of Acinetobacter bmmannii- The
a p p r o k t e Uritial inoculum is 1o6 &carrier.

For al1 three test strains evaluated, the loss

of the bacteria resulted in a recoverable bioburden of only 3 - 5 logs,, of bactena. The fluid
effect was most evident in the two multiple antibiotic resistant strains. The experirnent was
repeated to ensure reproducibility and the repeated experhent showed the same results. The
loss of bacteria was not due to death during overnight drying as viable bacterial counts on
dried carriers showed that counts were stable. Acliletobacfer bmmmzr~ir'does not seem to

adhere to the lumen carrier as well as the other test strains and when rnanipulated in the
control procedures, there was substantid loss of bacteria due to the fluid effect. There were

no viable bacteria detected, post-exposure to any of the disinfectants for the A. balrrnmttzi~
strain while low-level bacterial survival was observed when A. baurnarztzi~and A.
baurnarn~ii~~
exposed to 0.04% hydrogen peroxide.

e) Aïcaligenes xylosoxïdànr

The Surface Carrier Test results are shown in Table 14. The results of A.
xylosoxidans show distinct similanties to A. baumannii with respect to the recoverable
bioburden vaiues, The initial inoculum for both strains attained and exceeded 1 x106
&carrier.

The difnculties arose when both strains were subjected to Our procedural control.

Again, substantial losses in bacterial numbers occurred due to the fiuid effect. There were

only 2 - 3 logs,, of bacteria in the recoverable bioburden. Again, this experiment was
repeated to test for the viability of these bacteria to ovemight drying. The bacteria did

s u ~ v the
e ovemight drying process but do not adhere as well to the lumen camer as S.

aurez~s,E. faecium and M. chelorme. For both test strains, no viable bactena were detected
after exposure to any of the test disinfectants.

DlSlNFECTANTS TESTED (Concentration or Dilution)
Inoculwm
7.2s106
+ 0.2 s 10'

7.9~10'
+ 0.5 x 102

Table 14: Surface Carrier Test of Alcnligcrcs xylosoxi~lnm

Results show the viable cfu'dcarrier of each A. xyloso.uicintis strain against 2% glutaraldeliyde (G), 0.5% sodium hypochlorite (SH),
3% hydrogen peroxide (HP), 0.04% hydrogen peroxide (HP), phenolic (P) and quaternary ammonium compound (QAC) disinfectants. The
number ofcfù's inoculated ont0 each carrier (Inoculum) and recoverable bioburden control counts per carrier (RB) are also recorded. Values
are averages of three replicates (+ SD). The limit of deteciion (Id) is 20 cfù's/carrier.

Section Two: In-Use Disinfection Practices

The Surface Carrier Test procedure performed in this study uses a disinfectant
exposure time based on the manufacturer's recornmendations. The exposure times ranged
from 10 - 20 minutes. The recommended exposure time for the disinfection of hospital
surfaces is most often not achieved due to reasons oftirne (eg. many hospital rooms have to
be disinfectedlcleaned in a certain arnount of time). This la& of time compromises the
disinfectant's killing efficacy. The purpose of the in-use disinfection practices survey was to
determine realistic exposure times of disinfectants used on hospital surfaces by hospitd
cleanïngpersonnel. This data was used to modiQ the exposure time of the Surface Camer
Test method to cIearly evaluate the efficacy of disinfectants at these reduced exposure times.
Observation of the cleaning of patient roorns has given much information on the
cleaning practices of the test hospitai. The main disinfectant used in al1 the rooms is a
hydrogen peroxide-based disinfectant with a stock concentration of 3%. The stock solution
is diluted to a 0.045% when used. Many of the rooms are cleaned when the opportunity
arises. The cleaning personnel choose the room which is the most accessible at the time. The
room may be ernpty or it may be occupied by a patient, staff or visitors. This rnakes room
cleaning a non-standard process. If a patient room is unoccupied. cleaning procedures were
standard but when the room was occupied, many aiterations in the methods were observed.
When the bathrooms were not in use, the cleaning personnel usually sprayed the sink and
toilet with the disinfectant and let it soak until the rest of the room had been cleaned. If the
bathroom was occupied, the bathroom was cleaned last and the objects in the bathroom
would not be subjected to the disinfectant pre-soak as was observed for cleaning the

unoccupied bathrooms. This lads to great variations in exposure times for objects in the
bathroom. Similarily, when the patients' beds were not occupied, the cleaning personnel may
spray and pre-soak the bed but this was rareIy performed when the patient was in the room.
These factors greatly influence al1 disinfectant exposure times.
Most ofthe roorns observed were not for patients on isolation precautions. One room
that was observed was occupied by a patient on MRSA isolation precautions. There was one
dedicated deaning personnel assiged to this particular room. Isolation precautions included
the use of gowns, gloves and masks by cIeaning personnel. The disinfectant used in this

particular room was identical to the one used in other rooms except that the concentration
was increased to O. 1%. Ail disinfectants and cleaning equipment were required to rernain in
;

that particular room so that possible.contarninationto other areas of the hospital was avoided.
The disinfection exposure times observed in the hospital wards are shown in Table 1 S. The
table only represents the objects that were routinely cleaned in each room. There were other
patient care objects that were not routinely cleaned in every room and those have been
excluded fiom the table. A compiete list of objects that were observed to be cleaned has been
included in the sample questionnaire found in the Appendix II. The data in the table were
used to determine which exposuretimes would reflect the routine disinfectant exposure times
found in the hospital setting. The most cornmon, longest and shortest exposure times were
taken fiom the in-use disinfection data and used in the Modified Surface Canier Test against
the E. faeciufland E. faeciumS' strains. According to Table 14, the mon cornmon and the
longest exposure time was approximately 10 minutes. The most comrnon and the shortest
exposure time was approximately I minute, so the Modified Surface Canier Test wôs

perfomed with al1 test disinfêctaqts and the two E faecizm strains at an exposure time of 10
minutes and 1 minute.

Exposure to Disinfectants (seconds)

P. floor

Table

Sink 1

Sink 2

Toitet 1

Toitet 2

B. floor

Room 1

600

5

60

120

60

300

480

Room 2

600

120

10

300

10

3 O0

600

Room 3

3 O0

60

600

60

600

600

180

Room 4

3O0

180

480

60

480

60

180

Room 5

420

180

900

60

3 O0

300

300

Roorn 6

720

120

960

10

960

10

1020

Room 7

600

60

180

180

300

300

480.

Roorn 8

600

60

240

240

60

60

480

Room 9

360

50

60

60

60

60

300

Room 10

420

30

300

60

60

60

480

Room I I

300

300

300

300

da

da

300

Table 15: In-Use Disinfection Practices

Exposure times (seconds) are s h o w for each different hospital room observeci. The objects
represent a selection of objects that are routinely cleaned in each room. The patient's room floor
(P-floor), Patient bedtable (Table), Bathroom sink fixtures (Sink 1). Bathroom sink basin (Sink 2),
Toilet stand (Toilet l), Toifet bowl (Toilet 2) and Bathroom Floor (B. floor) were al1 represented.

Section Three: Modified Surface Cam-er Test: En-Use Exposure Times

i) Ten Minute Exposure
The 10 minute exposure Surface Carrier Test results are shown in Table 16. The
table only shows the results of exposure to glutaraldehyde, sodium hypochlorite, 3%
hydrogen peroxide and 0.04% hydrogen peroxide. The phenolic and QAC compounds were
not included because the 10 minute exposure times for these disinfiectants had already been
perfomed and recorded in Table I 1The initial ùiocuium counts exceed 1 x 1~~dii/cm-ier
for both test strains evaluated,
The RB data indicated there was not much fluid effect, as there was only a çlight decrease in
levels, approlàmately 1 log,, fiom the initial inoculurn values. M e r a 10 minute exposure,
no detectable, viable growh was observed in 2% glutarddehyde, 0.5% sodium hypochlorite
and 3% hydrogen peroxide. Residual bactena were observed, in both strains, after 0.04%
hydrogen peroxide exposure.
ii) One Minute Exposure
The 1 minute exposure (Table 17) showed that there was greater survival of E.

faeciurn for ail test disinfectants evaluated- The initial hocdum and recoverable bioburden
values were comparable to the 1 minute exposure values. The fluid contact between 1
minute and 10 minutes did not alter the recoverable bioburden values.

Two percent

glutaraidehyde showed no detectable, viable growth for both E. fnecirrm strains.
Upon exposure to 0.5% sodium hypochlorite, we observed residual bacteria in both
strains but the amount of residud bacteria was quite different. E. faeciufl strain showed
1-2 x 1'O cfdcarrier of residual bactena, however, E-fiechms' shows a 4 log,, higher

DISINFECTANTS TESTED (Concentrntion)
Inocuhm

RB

(32%)

SH(ObSO/o)

HP(3%)

3,4x106
t- 0.5 s IO6

7,8x 10'
-t 0,8 s IO6

< Id

< Id

< Id

3.Ox1O6

2,7x IOJ

< Id

< Id

< Id

-

t- 0.5 s 106

+- 0.3 s 106

Table 16: Modified Surface Carrier Test of Enterococcrts fnccirc,rr nt IO Minute Exposure to Test Disinfectnnts
Results show the viable cfù'slcarrier oftwo hfoecirrm strains against 2% glutaraldehyde (G), 0.5% sodium hypoclilorite (SH), 3%
hydrogen paroxide (HP) and 0.04% hydrogen peroxide (HP) disinfectants for an exposure time period of 1 O minute. The number of cfù's
inoculrted onto each carrier (Inoculum) and recoverable bioburden control counts per carrier (RB) are also recorded. Values are averages
of three replicates (+ SD). The limit of detection (Id) is 20 cfu'slcarrier.

s u ~ v rate
d compared to the E.fieci*

strain. The resistance o f E faeciwns' to sodium

hpochiorite at this exposure time is interesting considering no residual growth was observed
with any of the strains at the 20 and I O minute exposures.

In 3% hydrogen peroxide, we observed residua1 bactena for both strains. This
enforces the faa that recommended exposure times are very important because no bacterial
growth was detected at the ten and twenty minute exposure times. Residuai growth in 0.04%
hydrogen peroxide after 1 minute exposure, are comparable to the 10 minute exposure and
only slightly higher than the 20 minute exposure. Growth in the phenolic compound was
slightly higher than observed in the IO minute exposure. The residuai bactena observed in
the QAC exposed bactena increased slightly ffom the 10 minute exposure.

Regarding the values of residual bactena of the two strains, the only disinfectant
that showed significant differences was 0.5 % sodium hypochlonte. At this concentration
of disinfeaant, 6 faeciurns' strain seems to b e more resistant than the multiple antibiotic
resistant E. faecitrm"

strain

Section Four: Suspension Test
i) Assay Standardüation

To assess the specific conditions in which the suspension test was to be performed,
several prelirninary tests were needed to determine which media would promote the growth
of each test bacteria and the disinfectant concentrations that would be used.
Performing the suspension test in the presence of an organic load was an important
factor because we wanted to simulate the hospital environment. Ideally, use of ATS for both
the suspension and surface carrier tests would have been preferred. However, ATS interfered
with absorbance rneasurements in the suspension test. Therefore, TSB supplemented with
10% fetal bovine serum was evaluated. The test bactena were initidly grown in this media

and the growth assay was also performed using this media. -The trypticase soy broth
supplemented with 10% FBS could support the growth of the test bacteria and the FBS
provided an organic load.
In the surface camer test rnethod, disinfectant concentration was chosen based on the
rnanufacturers recornrnendations. In the suspension test method, multiple concentrations
were being tested. Initiai concentrations tested were 2% glutaraldehyde, 5% sodium
hypochlorite, 3% hydrogen peroxide and 1:250 dilutions of the phenolic and QAC
compounds. The starting disidectant concentrations were then s e d l y diluted, I :2, for a
senes of 8 dilutions.

The positive control growth curves, on the sarne tray as the test

disinfectant, showed minimal growth for glutaraldehyde and sodium hypochlorite. This
suggested that the presence o f 2% glutaraldehyde and 5% sodium hypochlorite had
detrimental effects on the growth of the positive control and therefore may have an effect on

the growth of test bacteria in the wells that contained Iower concentrations of disinfectam.
These detrimentai effects could have been due to aerosolization of the disinfectant due to
shaking dunng incubation or to natural vaporization of the disinfectant into adjacent wellsLower starting concentrations of glutaraidehyde and sodium hypochlonte were tested to
determine if what concentrations could be used without aficting the growth of bactena in
surrounding wells. Glutaraldehyde at 1% (w/v) and sodium hypochlonte at 0.5% (vh) did
no: affect the growth of the internai positive control and therefore these starting
concentrations were used in the suspension assay.
Due to the findings of the effect of possible disinfectant vaponzation and
aerosolization on the assay, two positive controls were set up for each disinfectant tray being
tested. The first control was situated on the same tray as the disinfectant and the other
control, on a separate tray that did not contain any disinfectant in any of the wells. If the
positive control situated on the disinfectant assay tray showed decreased growth compared
to the positive control situated on the separate tray, a repeat r u n was performed at lower
disinfectant concentrations. The effect of the disinfectant was determined with each assay

run. The positive control situated on the tray that contained disinfectant must show sirnilar
growth compared with the positive control on the separate tray otherwise, the test data could
not be interpreted.
SinceMycobacteriumchelonae is slow growing, the 24 hour observation period used
with the other test bacteria would probably not be adequate- Preliminq tests using 24, 72
and 120 hours of monitoringwere conducted. Upon 5 day (1 20 hours) observation, we were

able to identi6 al1 three phases of growth. The growth curves generated indicated that a 5

day time fiame produced optimal growth cuwes for M. chelonae. Therefore, dl subsequent
suspension test assays using M. chelonae were performed over a 5 day period.
There were a total ofeight concentrations of each test disinfectant tested for each test
strain. Because the area of interest was to determine where bacterial outgrowth occurred,
only the highest and lowest concentrations of disinfiant and the highest concentration
where bacterial growth occurred as well as the next dilution where no outgrowth occurred
have b e n presented.
ii) Assay

a) Staphylococcus aureus
The ttiree

azcrelrs test strains included two multi-resistant strains, S.a n r e z ~ pand

S. azrreirsR], and 1 multi-sensitive (S. airrezr?') strain. Figure 2, 4 and 6 show the positive
growth controls ofeach strain when tested in conjunction with glutaraidehyde. All test wells
were inoculated with approxirnately equal numbers of bacteria as shown by the inoculum ce11
counts but different maximum optical densities were achieved by the different test strains.
Both S. mcrerc.?' and

uzrrerc~
strains, showed a maximal optical density within the 24 hour

observation of about 1.4 absorbante units (a-u.) while the S. aurezr?

strain only showed a

maximum.opticaI density of 0.7 a-u. Each strain exhibited typical lag and logarithmic phases,
but the stationary phase of growth was oniy observed in the S- m e u s

strain. Aithough

different opticai densities were observed between the different test strains, optical densities
did not differ between the positive growth control which was situated in the disinfectant tray
and the positive growth control which was on a separate tray, within the same test strain.
The OD, was chosen by us to denote the time in which the half of the maximum

optical density occurs. This gÏves us a value in which we can evaluate and compare the
growth of various strains. The OD50 of

ODSO of the

cnrreup was approximately 19 hours, while the

a11re1d' strain was approximately 13 -5 hours and 16.5 hours for the X

aureld' strain. These values were consistent for both positive growth controls for each

arain again indicating that the concentration of glutaraldehyde present did not have a vapor
effect on surrounding wells in the tray. The lag phase of each straÎn was also quite similar.

Lag phases for al1 strains were approximately 10-1 1 hours, post-inoculation.
The growth curves for the interna1and extemal positive controls for each strain were
identical with respect to maximum optical density, OD50 and duration of the lag phase
therefore, the results from suspension testing in glutaraldehyde could be anaiyzed. Each test
strain was exposed to identical concentrations ofglutaraldehyde ranging from 1 % to 0.008%.
Figure 3, 5 and 7 show the growth curves of each bacterial test strain. S. oirremK showed
no detectable growth at 1% ghtaraldehyde (Fig. 3 ) and the highest concentration of
glutaraldehyde that this strain shows any outgrowth is at the lowest concentration of
glutaraldehyde, 0.008%. No outgrowth was aiso detected in 1% glutaraldehyde with the S.
m r r e z i ~strain (Fig.

5). Growth did occur in 0.008% glutaraldehyde (Fig.5).

atwezd1 strain also showed no growth in the 1%

The S.

glutaraldehyde (Fig.7) but showed

considerable growth at the 0.06% to 0.008 % giutaraidehyde suspension (Fig.7). In
summary, outgrowth occurred in S. aurezre S. uureu? and S.m r e t d l strains in 0.008%,
0.0 16% and 0.06% glutaraldehyde respectively

Figure 2: Positive ControI Growth Curve of Sfuphylococcus aureus
Glutaraldehyde

"

Exposed t o

Growth ofS. aureuU in each test well was monitored using turbidity measurernents
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without glutaraldehyde and b) the same tray that contained various concentrations of
glutaraldehyde-.
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Figure3: Growth Curve ofStaphyiococcuscrnreus~
Exposed to Varied Concentrations
of Glutaraldehyde
Growth of S. aureus R2 W ~ Smonitored using turbidity measurernents over a 24 h o u
period. A senes of eight concentrations of glutaraldehyde were tested but only selected
growth curves have been shown including the organism in a) 1%; b)0.016 and c)0.08%
glutaraldehyde concentrations.
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Figure 4: Positive Control Growth Curve of Siaphylococcus aureus
Glutaraldehyde

" Exposed

to

Growth o f X aurem R 3 ieach
~ test well was monitored using turbidity measurements
over a 24 h o u period. Positive controls consisted of the test organism in a)a separate tray
without glutaraldehyde and b) the same tray that contained various concentrations of
glutaraldehyde--94-

Figure 5: Growth Curve ofSfaphylococcusaureus R1 Exposed to Varied Concentrations
of Gtutaraldehyde
Growth of S. aureus IU was monitored using turbidity measurements over a 24 hour
period. A senes of eight concentrations of glutaraldehyde were tested but only selected
growth cuves have been s h o w including the organism in a) 1%; b)0.03%; c)0.016% and
d) 0.008% glutaraldehyde concentrations.
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Figure 6: Positive Control Growth Curve of Staphylococcus aureus
Glutaraldehyde

S'

Exposed to

Growth ofS. aureur S' in each test well was monitored using turbidity measurements
over a 24 hour penod. Positive controls consisted of the test organism in a)a separate tray
without glutaraldehyde and b) the same tray that contained various concentrations of
glutaraldehyde..
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Figure 7: Growth Curve ofStaphylococcusaureus Exposed to Varied Concentrations
of Glutaraldehyde
Growth of S. aureusS1was monitored using turbidity measurements over a 24 hour
period. A series of eight concentrations of glutaraldehyde were tested but only selected
growth curves have heen shown including the organism in a) 1%; b)0.125%; c)0.06% and
d) 0.008% glutaraldehyde concentrations,
-97-

(Table 16). The duration of the Iag phases of each test strain were increased upon exposure
to glutaraidehyde indicating the increased time needed for the test bactena to overcome the
effects of the disinfectant.
The next disinfectant tested was sodium hypochiorite. The two positive controis
perforrned for each test strain were quite similar to each other as well as compared to the
ot her strains (Fig- 8, 10, and 12). The average maximum optical density for S. azrretrp was
1.6 a-u., for

arreuP-',

it was 1.4 a-u. and for the S. arrerdl strain, the average maximum

opticai density was 1.3 a.u. Ail positive controls showed typical lag and l o g a n t h ~ cphases.
The stationary phase was not observed dunng the 24 hour assay. The comparable positive

control growth curves wi-thin each test strain allowed us to evaluate the sodium hypochlorite
suspension results.
Sodium hypochlorite was tested with an initia1 concentration of O S % .

The lowest

concentration was 0.004%. AI1 test strains showed no growth in 0.5% sodium hypochlorite
while S. a z r r e u ~
first showed growth in 0.0 16%. S. azrreusU in 0.004% and the S. arrrezd'

strain in 0.06% sodium hypochlorïte. Upon exposure to sodium hypochiorite and where
growth was detectable, the lag phases ofeach test strain did not seem to differ compared to
the positive control indicating that the test strains were able to overcome the effeas of the
disinfectant at that specific concentration.

Figure 8: Positive Control Growth Curve of Staphylococcus uureus iu Exposed to
Sodium Hypochlonte
Growth o f x aureusmin each test well was monitored using turbidity measurements
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without sodium hypachlorite and b) the same tray that contained various concentrations of
sodium hypochlorite.

Figure 9: Growth Curve ofStaphylococcusaurem
of Sodium Hypochlorite

"Erposed to Varied Concentrations

Growth of S. aureus ~2 was monitored using turbidity measurements over a 24 hour
period. Aseries of eight concentrations ofsodium hypochlonte were tested but only selected
growth cuves have been shown including the organism in a) 0.5%; b)0.125%; ~10.06%and
d) 0.004% sodium hypochlorite concentrations.

.

Figure 10: Positive Cootrol Growth Cuwe of Siaphylococcus aureus
Sodium Hypochlorite

Exposed to

Growth ofS.aueus in each test well was monitored using turbidity measurements
over a 24 hour penod. Positive controls consisted of the test organism in a)a separate tray
without sodium hypochlorite and b) the same tray that contained various concentrations of
sodium hypochlonte.
-101-

Growth Curve of Stuphy~ococcusaureus
Figure L 1:
Concentrations of Sodium Aypochlorite

"

RJ

Exposed to Varied

Growth of S. arrezis was rnonitored using turbidity measurements over a 24 hour
period. A senes ofeight concentrations ofsodium hypochlorite were tested but only selected
growth c u r v e s have been s h o w n including the organism in a) 0.5%; b)0.008% and c)0.004%
sodium hypochlorite concentrations.
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Figure 12: Positive Cootrol Growth Curve of Staphylococcus aureus
Sodium Kypochlorite

Exposed t o

Growth ofS. aureris in each test well was monitored using turbidity measurements
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without sodium hypochlorite and b) the same tray that contained various concentrations of
sodium hypochlorite.
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Figure 13: Growth CurveofStaphylococcrrsaureussl
Exposed to Varied Concentrations
of Sodium Hypochlorite

'

Growth o f aureus was monitored using turbidity measurements over a 24 hour
penod. A senes of eight concentrations ofsodium hypochlorite were tested but only selected
growth curves have been shown including the organism in a) 0.5%; b)0.03%; c)0.0 16% and
d) 0.004% sodium hypochlonte concentrations.
.

- 104-

Positive growth controls for S - a u r e u p and S.arreu.?' when tested with hydrogen
peroxide were siMlar to the positive growth curves observed with sodium hypochlorite.

Maximum optical density for Sazrreup averaged 1.2 a.u. and 1.3 a.u. for the

arirezi.?'

strain. Both positive controls were comparable. In the presence or absence of hydrogen
peroxide, the growth curves for S. a z r r e z r ~showed minimal growth. Since the positive
growth controls did not show any growth, we were not able to evaluate the corresponding
suspension results for this strain. The positive controls must grow and the two positive
controls mua show sirnilar growth patterns and OD values to consider the suspension test
results.
Since the positive control growth curves for

arrreu?

exposed to hydrogen

peroxide did not show growth, the experiment was repeated wi-th the initial concentration
of hydrogen peroxride of 0.75% instead of 3%. The decrease in initial concentration of the
disinfectant resulted in positive controis that showed typical growth and maximum OD value
of approximately 1S. Upon exposure to hydrogen peroxide, no growth was detectable in any
of the test strains for any of the concentrations tested.
Upon testing the phenolic compound, the positive control growth curves were sirnilar
to those when tested with hydrogen peroxide. S. azrreup (Fig. 15) strain showed a
maximum optical density of 0.9 while the S. aureu?' strain was 1.4 a.u. pig. 16). The
positive controls for

auretrs%howed no detectable growth. The experiment was repeated

with S. m r r e u p and an initial phenolic compound dilution of 1500. The resulting positive
control growth curves are s h o w in Fig. 14.
Upon exposure to the phenolic compound, each test strain did not show growth until

the 1 :4000 dilution (Figs. 17, 19 and 21). Maximal optical densities at these concentrations
were ~ i ~ 1 ato. rthe positive controls even though the lag phase durations and OD50 were
increased when exposed to the disidixtant.
The positive control growth curves for the quaternary ammonium compound showed
similar results. S. aureu?

and S. nwetl.?' strains showed typical growth curves. The

positive controi that was situated on the tray containing the QAC showed a growth cuwe
consistent with the positive control growth cuwe on a separate tray. The S. a r e u t > strain,
again, did not show typical growth when in contact with QAC. The QAC was diluted to
1500 and this dilution was the new initial dilution when the experirnent was repeated. The

resulting curves showed typical growth.
When exposed to QAC,

orirez8 and S. ai mir^^' strain showed no growth in any

of the dilutions tested while S. a ~ i r c i »showed
~
1 replicate out oF3 exhibithg outçrowth at
the 1 :64,000 dilution-

Figure 14: Growth Curve of Staphylococcus aureus ~2 Exposed to Hydrogen Peroxide
Growth of S. aureur was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted ofthe test organisrn in a) a separate û-aywithouthydrogen
peroxide; b) the same tray that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c ) 1.5%; d) 0.0 1% hydrogen peroxide.

.

Figure 15: Growth Curve of Staphylococcus aureus

"Exposed to Kydrogen Peroxide

Growth of S. aureus was monitored using turbidity measurements over a 24 hour
penod. Positive controls consisted ofthe test organism in a) aseparate tray without hydrogen
peroxide; b) the same tmy that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

Figure 16: Growth Curve of Sfaphyfococcusaureus

"' Exposed to Hydrogen Peroxide

Growth of S. aureus S1 was monitored using turbidity measurements over a 24 hour
penod. Positive controls consisted ofthe test organism in a) a separate tray without hydrogen
peroxide; b) the sarne tray that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

Figure 17: Growth Curve ofStaphyIococcusaureus

"

"Exposed to Phenolic Disinfectan t

Growth of S. aureus was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted of t h e test organisrn in a) a separate tray without phenolic
disinfectant; b) the same tray that contained various dilutions o f phenolic disinfectant.
Growth was also monitored in c) 1500; d) 1:64000 dilutions of phenolic tisinfectant.
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Figure 18: Positive Control Growth Curve of Staphylococcus aureus
Phenolic Disinfectant

"

" Exposed

to

Growth ofS. aureus in each test well was monitored using turbidity measurements
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without phenolic disinfectant and b) the same tray that contained various concentrations of
phenolic disinfectant.
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Figure 19: Growth Curve of SîaphyZococcus aureus * Exposed to Varied Dilutions of
PhenoIic Disinfectant
Growth of S. aureus EU was monitored using turbidity measurements over a 24 hour
period. A series of eight dilutions of phenolic disinfectant were tested but only selected
growth curves have been shown including the organism in a) 1:250; b) 1:2000; c) 1:4000 and
d) 1:32000 dilution of phenolic disinfectant
-1 12-

Figure 20: Positive ControI Growth Curve of Staphylococcus aureus
Phenolic Disinfectant

'

Exposed to

Growth of S. aureus in each test well was monitored using turbidi ty rneasurements
over a 24 hour penod. Positive controls consisted of the test organism in a)a separate tray
without phenolic disinfectant and b) the same tray that contained various concentrations of
phenolic disinfectant.
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Figure 21: Growth Curve of Sfaphyiococcus aureus
Phenolic Disinfectant

Exposed to Varied Dilutions of

Growth of S.aurercs was monitored using turbidity measurements over a 24 hour
period. A series of eight dilutions of phenolic disinfectant were tested but only selected
growîh c u v e s have been s h o w including the organism in a) 1:250; b) 1:2000; c) l:4000 and
d) 1:32000 dilution of phenolic disinfectant
-1 14-

Figure 22: Growth Curve of Staphylococcus arreus
Ammonium Compound

" Exposed

t o Quateroary

Growth of S. aureus * was monitored using turbidity measurements over a 24 hour
penod. Positive controls consisted of the test organism in a) a separate tray without sodium
hypochlorite; b) the same tray that contained various dilutions of QAC. Growth was also
monitored in c) 1500; d) 1:64000 dilutions of QAC.
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Figure 23: Gtowth Curve of Staphylococcus aureus
Ammonium Compound

"

" Exposed

to Quaternary

Growth of aureus was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted of the test organism in a) a separate tray without QAC;
b) the same tray that contained various dilutions of QAC. Growth was also monitored in c)
1:16000; d) 1:32000dilutions of QAC.
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-

Figure 24: Growth Curve of Staphylococcus aureus
Ammonium Cornpound

'

Exposed to Quaternary

Growth of S. aureus was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted of the test organism in a) a separate tray without QAC;
b) the same tray that contained various dilutions of QAC. Growth was also rnonitored in c)
1500; d) 1:64OOO dilutions of QAC.
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DlSlNFECTANTS TESTED (Initinl Concentration or Dilution)
Test Organism

G(l%)

SH(0.5%)

N P(3 %)

,

P(l %O)

QAC(1:250)

Table 18: Bacteriai Outgrowth of Stnphylococct~snitrcrrs iii the Siispension Test Assay
Bacteria (1 O5ch's/ml) were inoculated in microwell trays containing TSB + 10% FBS and serial dilutions of tlie initial concentration
of each test disinfectant (G=glutaraldehyde; SH= sodium hypochlorite; HP= hydrogen peroxide; P= phenolic and QAC= quaternary
ammonium compound). Bacterial growth was monitored by a multiple growth curve reader over a period of 24 hours ai 37°C. The data
in the table represents the reciprocal of the dilution of tlie initial concent ration where bacterial outgrowth was first detected. Data was
compiled from three replicates. Data that is denoted by > refers i o no bacterial outgrowtli detected in the lowest concentration ofdisinfectant
tested. (*) The initial concentration of phenolic and quaternary aminoniuni compound used witli S, oweiis "* \vas a 1500 dilution.

b) Enferococcusfaeciurn

There were two E- faeciurn strains tested in this part of the evaluation. The E.
faeciirmR2stra.înis a rnulti-resistant (VRE) strain and the E faeciums'strain is an ATCC strain

that is not vancomycin resistant. When t hese strains were tested with glutaraldehyde, the two
positive controls showed typical growth curves (Figs. 25 and 27). The E faeczumEstrain
showed typical lag, exponential and stationary phases within the 24 hour observation period,
in both the same and separate tray controls. The maximum optical density was approximately
0.7. which was consistent in both controls. The ODSO is ten hours with a lag phase duration

of seven hours. The two positive control growth curves for the E.foecizzmS' strain were also
simïlarto each other. Lag, exponential and stationary phases were evident within the 24 hour

.

penod. The maximum OD and OD50 for the internal and extemal growth controls for
faecizm

were similar enough to allow interpretation of the data for the growth curves on

the test. The cornparison of ODSO and lag phase duration indicated that the E /aecizrmS1
strain grows much slower and to a lower maximum turbidity in TSB compared to the E
faecizum

RZ

strain. The maximum OD and OD50 for both internat and extemal positive

controls growth curves were sirnilar enough to allow interpretation ofthe data for the growth
curves on the test tray. When exposed to glutarddehyde, outgrowth of the E. faecizm

(Fig.26) and E. faeciumsl (Fig.28) strain was observed in a concentration of 0.125%.

,

Figure 25: Positive Control Growth Curve of Enierococcus faecium
Glu taraldehyde

Exposed t o

Growth of E. faecium R2 in each test well was rnonitored using turbidity
measurements over a 24 hour period. Positive controls consisted of the test organisrn in a)a
separate tray without glutaraldehyde and b) the same tray that contained various
concentrations of glutaraldehyde..
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Figure 26: Growth Curve ofEnterococcusfaecium
of Glutaraldehyde

"Exposed to Varied Cooceotratioos

Growth ofE.faeciurn was monitored using turbidity measurements over a 24 hour
period. A senes of eight concentrations of glutaraldehyde were tested but only selected
growth curves have been shown including the organism in a) 1%; b)0.25%; c)O.lîS% and
d) 0.008% glutaraldehyde concentrations.
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Figure 27: Positive Control Growth Curve of Enterococcus faecium
Glutaraldehyde

Exposed to

Growth ofE.fiecium ' in each test well was monitored using turbidity measurernents
over a 24 hour penod. Positive controls consisted of the test organism in a)a separate tray
without glutaraldehyde and b) the same tray that contained various concentrations of
glutaraldehyde..
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Figure 28: Growth Curve of Enierococcus faecicrm
Glutaraldehyde

to Varied Concentrations of

Growth o f E-faecium was rnonitored using turbidity measurements over a 24 hour
period. A senes of eight concentrations of glutaraldehyde were tested but only selected
growth curves have bzen shown including the organism in a) 1%; b)0.25%; c)O.lZS% and
d) 0.008% glutaraldehyde concentrations,
-123-

Positive controls for exposure to sodium hypochlonte were much similar to those
observed with glutarddehyde. Both strains showed similargrowth curves for the intemal and
extemal positive controls (Figs. 29 and 3 1). Both strains first showed outgrowth in 0.03%
sodium hypochlorite (Figs. 3 1 and 32).

Three percent hydrogen peroxide was the initial concentration used in the next set of
experiments. The positive controls for the E-fueciirmR2(Fig. 3 3) and E. faecirrms' (Fig. 34)
strains clearly showed Iag, exponential and stationary phases of growth within 24 hours.
The lag phases duration ofthe E. faecizrmsl strain was slightly higher in the sarne tray positive
control compared with the control on the separate tray. In contrast, the E faecium%train
showed a longer lag phase in the control that was on the separate tray. Otherwise, the

maximum OD was similar in both the intemal and extemal control of each strain. Upon
exposure to al1 concentrations of hydrogen peroxide, neither of the two test strains showed
any growth within the 24 hour observation period.

Positive controls of the two E faecizrm strains when exposed to the phenolic
cornpound proved to be simiiar whether the control was on the sarne tray as the disinfectant
or on a separate tray (Figs. 35 and 37). Lag phases were slightly longer in the controls on
the same tray as the disinfectant compared to the separate tray control althouph these values
only differed by a maximum of two hours. OD50 was also lower in the controls on the
separate tray but these values also only differed by a couple of hours at the most. When
exposed to the phenolic disinfectant, the lowest dilution in which growth did occur was

1:2000 in both test strains (Figs. 36 and 38). Maximum growth at this dilution was slightly
lower than in the positive controls but in the highest dilution of 1:32000, maximum growth

was observed that was comparable to the maximum growth observed in the positive controls.

The positivecontrols upon exposure to QAC showed sirnilarities to the growth curves

of the phenolic disinfectant. Lag phase duration, maximum OD and OD50 values were
similar in extemal and interna1 positive control growth curves. The lowest dilution in which
we

observed any growth when exposed to QAC was 1 :16000 for both strains.

Figure 29: Positive Control Growth Curve of Enterococcus faecium
Sodium Hypochlorite

" Exposed

to

in each test well was monitored using turbidity
Growth of E. faecium
measurements over a 24 h o u period. Positive controls consisted of the test organisrn in a)a
separate tray without sodium hypochlonte and b) the sarne tray that contained various
concentrations of sodium hypochlorite. - 26-

Figure 30: Growth Curve of Enterococcus faecium
Concentrations of Sodium Hypochlorite

"

Exposed to Varied

Growth ofE-f ~ e c i u m was rnonitored using turbidity measurements over a 24 hour
period. A series of eight concentrations ofsodium hypochlorite were tested but only selected
growth cuves have been shown including the organism in a) 0.5%; b)0.06%; c)0.03% and
d) 0.004% sodium hypochlonte concentrations-127-

Figure 31: Positive Cootrol Growth Curve of Enierococcus faecium
Sodium Hypochlorite

Exposed to

Growth ofE. faecium in each test well was monitored using turbidity measurements
over a 24 hour penod. Positive controls consisted of the test organism in a)a separate tray
without sodium hypochlonte and b) the sarne tray that contained various concentrations of
sodium hypochlorite.
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Figure32: Growth CurveofEnterococcusfaecium ''Exposed to Varied Concentrations
of Sodium HypochIorite

Growth of E. faecium was monitored using turbidity measurements over a 24 hour
period. A series of eight concentrations of sodium hypochlorite were tested but only selected
growth c w e s have been shown including the organisrn in a) 0.5%; b)0.06%; c)0.03% and
d) 0.004% sodium hypochlorite concentrations.

- 129-

Figure 34: Growth Curve of Enterococcus faecium

Exposed to Hydrogen Peroxide

Growth of^.faeciurnS' was monitored using turbidity measurernents over a 24 hour
period. Positive controls consisted of the test organism in a) aseparate tray without hydrogen
peroxide; b) the sarne tray that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

Figure 35: Posltive Control Growth Curve of Enterococcus faecium
Pheaolic Disinfectant

Exposed to

Growth -of E. jaeciurn * in each test well was monitored using turbidity
measurements o v e r a 24 hour period. Positive controls consisted of-thetest organism in a)a
separate tray without phenolic disinfectant and b) the same tray that contained various
concentrations ob phenolic disinfectant.
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Figure 36: Growth Curve of Enterococcus faecium
Phenolic Disinfectan t

" Exposed to Varied Dilutions of

Growth ofE.faecium R2 was monitored using turbidity measurernents over a 24 hour
penod. A series of eight dilutions of phenolic disinfectant were tested but only selected
growth curves have been shown inciuding the organism in a) 1:250; b) 1:1000; c)1:2000and
d) 1:32000 dilution of phenolic disinfectant

Figure 37: Positive Control Growth Curve of Eliterococcus faecium SIExposedto
Phenolic Disinfectan t

'

Growth ofE.faecium in each tesi well was monitored using turbidity measurements
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without phenolic disinfectant and b) the same tray that contained various concentrations of
phenolic disinfectant.
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Figure 38: Growth Curve of Enterococcr<sfaecium
Phenolic Disinfectant

S'

Exposed to Varied Dilu tioos of

Growth ~ f E . ~ e c i u r n
was monitored using turbidity measurements over a 24 hour
penod. A series of eight dilutions of phenolic disinfectant were tested but only selected
growth curves have been shown including the organism in a) 1:250; b) 1:1000; c) l :ZOO0and
d) 1:32000 dilution of phenolic disinfectant
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Figure 39: Positive Control Growth Curve of Enterococcus faeciurn
Quaternary Ammonium Compound

Exposed to

in each test weil was monitored using turbidity
Growth of E. faecium
measurements over a 24 hour penod. Positive controls consisted of the test organisrn in a)a
separate tray without QAC and b) the same tray that contained various dilutions of QAC.

Figure 40: Growth Curve of Enterococcus fuecium
Quaternary Ammonium Compound

" Exposed to Varied Ditutions of

Growth of E./aecium * was monitored using turbidity measurements over a 24 hour
period. A series of eight dilutions of QAC were tested but only selected growthcurves have
been shown including the organism in a) 1:250; b) l:8000; c)1:16000 and d) 1:32000 dilution
of QAC

Figure 41: Positive Control Growth Curve of Enterococcus faecium
Quaternary Ammonium Compouod

Exposed to

Growth ofE.faeciurn in each test well was monitored using turbidity measurements
over a 24 hour period. Positive controls consisted of the test organism in a)a separate tray
without QAC and b) the same tray that contained various dilutions of QAC.

Figure 42: Growth Curve of Enterococcus faecium
Quaternary Ammonium Compound

Exposed to Varied Dilutions of

Growth o f E faecium was monitored using turbidity measurements over a 24 hour
period. A serieseofeight dilutions of QAC were tested but only selected growth curves have
been shown including the organism in a) 1 :250; b) 1:8000; c) 1: 16000 and d) 1 :32000 dilution
of QAC
-139-

c) Mycobacteriurn chelonae

Two test strains O €M. c h e l m e included a glutaraidehyde resistant straïn referred to

as the

chelorzaeR' strain and a multiple antibiotic susceptible ATCC strain called M.

chelo~zueS1.
The positive control situated on a separate tray was only performed once for each
strain therefore this positive control is identical with al1 test disinfectants. The positive
control situated on the same tray as the disinfectant was included with each disinfectant
tested. The separate positive control for the

chelonaeR1(Fig. 43) strain exhibited typical

lag, exponential and stationary phases. This strain showed a maximum OD of 0.9, an OD50
of 90 hous and a lag phase duration of approximately 60 hours. The ATCC strain (Fig. 45)
exhibited slow growth characteristics even for the positive control on a separate tray- A las
phase and the initiai stage of the exponential phase were observed within 120 hours however,
the maximum OD achieved was only 0.4 a.u. The M. chelo~zaes'strain grows well on BA
within 48 hours and since visual inspection of the growth in TSB over 120 hours showed
good growth, the low maximum OD is not Iikely due to poor growth. The M. chelottaesl
strain "pelleted" more readiiy at the bonom ofthe assay well compared to the M. chelotzaeR1
strain. We believed the pelleting of this strain may account for its unusual growth curve.
The M. chelonaes' strain's maximum O D was only 0.4 and the OD50 detemined from the
exponential phase that is visible on the growth curve is approximately 100 hours. The lag
phase extends to approximately 70 hours.

The growth curve for both internai and extemal controls were similar and therefore
the data from the test tray could be interpreted. Both strains were not able to grow in 1%

Figure 43: Positive Control Growth Curve of Mycobucterium chelonae
Glutaraldehyde

Exposed to

in each test well was monitored using turbidity
Growth of M. chelonae
measurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without glutaraldehyde and b) the same tray that contained various
concentrations of glutaraldehyde.
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Figure 44: Growth Curve of Mycobacferium chelonae
Concentrations of Glutaraldehyde

Exposed to Varied

Growth of M. chedonoe was monitored using turbidity measurements over a 24
hour period. A series of eight concentrations of glutaraldehyde were tested but only selected
growth curves have been shown including the organism in a) 1%; b)0.25%; c)0.125% and
d) 0.008% concentrations of glutaraldehyde.

Figure 45: Positive Control Gmwth Curve of MycobactMurn chelonae
Glutaraidehyde

Exposed to

Growth of M. cheIonaesl in each test well was rnonitored using turbidity
measurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separaie tray without glutaraldehyde and b) the same tray that contained various
concentrations of glutaraldehyde.
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Figure 46: Growth Curve of Mycobacterium chelortae
Concentrations of Clutamidehyde

Exposed

to

Varied

Growth ofM. chelonae S2 was monitored usingturbidity rneasurements overa 24 hour
period. A series of eight concentrations of glutaraldehyde were testeci but only selected
growth curves have been s h o w including the organism in a) 1% and b)0.008%
concentrations of glutaraldehyde
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glutarddehyde. M. chelotza8' strain first exhibiteci growth in 0.125% glutaraldehyde(Fig.
44) while the susceptible strain showed outgrowth in 0.008% glutaraldehyde (Fig. 46).

When exposed to sodium hypochlorite, both intemal and external positive control
growth curves for the

chelurzaesl strain were quite similar, while the intemal positive

control growth curve for the glutaraldehyde resistant strain e.xhibited an increased lag phase
duration, a higher OD50 and lower maximum OD compared to the external positive control
growth curve (Fig. 47 and Fig. 49). The differences in the positive control growth curves for
the glutarddehyde resistant straÏn were not significant enough to warrant a reduction in the
initial concentration of sodium hypochlorite used. The highest concentration of sodium
hypochlorite where growth did occur was 0.03% in both strains (Fig. 48 and Fig. 50).
When exposed to hydrogen peroxide, the same tray positive control growth curves
showed the same characteristics as the separate tray positive controls. The

che!otzaeR'

strain growth curve exhibired a lag similar to the separate tray positive control but a longer
exponential phase was observed in the sarne tray control resultinj in a shortened stationary
phase visible within 120 hours (Fig. 5 1). The maximum OD was 0.9. The sarne tray positive control growth curve for the M. chelotzaesl arain was very similx to the separate tray
positive control except that the sarne tray positive control showed a higher maximum OD,
approximately 0.5 (Fig. 52). No concentration of hydrogen peroxide tested could support
the growth of any of the test strains.

The same tray positive controls when exposed to the phenolic compound were also
similar to the separate tray positive controls. Maximum OD, ODSO and lag phase durations

were the same in both controls for both test strains (Fig. 53 and Fig. 55). Upon exposure

to the phenolic compound, the M. chelofzaes' strain showed growth in 1:32000 of the

p henolic disinfectant @g. 55). The M. chel0ttu8~strain did show significant growth in the
I :8000 dilution (Fig. 54).

Same tray positive controls of the QAC exposed set showed growth cuwes similar
to the separate tray positive controls (Fig. 56 and Fig. 58).
exhibited growth in 132000 dilution of QAC.

The M. chelmaes' strain

chelor1a8' strain showed growth in the

1:16000 dilution, the second rnost diIute concentration-

C l II.

Figure 47: Positive Control Growth Curve of Mycobacterium chelonae
Sodium Hypochlorite

Exposed t o

Growth M. chelonae in each test well was monitored using turbidity measurements
over a 24 h o u period. Positive controls consisted of the test organism in a)a separate tray
without sodium hypochlorite and b) the same tray that contained various concentrations of
sodium hypochlorite.

- 148-

Figure 48: Growth Curve of Mycobacterium chelonae
Concentrations of Sodium Hypochtorite

Exposed to Varied

Growth of M. chelonae was monitored using turbidity measurements over a 24
hour period. A senes of eight concentrations of sodium hypochlonte were tested but only
selected growth c u v e s have been shown including the organism in a) 0.5%; b)0.06%;
c)0.03% and d) 0.004% concentrations of sodium hypochlorite.
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Figure 49: Positive Control Growth Curve of Mycobucteri~mchelonae
Sodium Hypochlorite

Exposed t o

in each test well was monitored using turbidity
Growth of M. cheLonae
measurernents over a 24 hour period. Positive controls consisted of the test organisrn in a)a
separate tray without sodium hypochlorite and b) the sarne tray that contained various
concentrations of sodium hypochlonte.
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Figure 50: Growth Curve of Mycubacterium cheloncle
Concentrations of Sodium Hypochlorite

Exposed to Varied

Growth ofM. chelonae was monitored using turbidity measurements over a 24 hour
period. A series of eight concentrations ofsodium hypochlorite were tested but only selected
growth curves have been shown including the organism in a) 0.5%; b)0.06%; c)0.03% and
d) 0.004% concentrations of sodium hypochlorite.

Figure 51: Growth Curve ofMycobacferiumchelonae

Exposed to Hydrogen Peroxide

Growth ofM. chelonaeR1was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted ofthe test organisrn in a) a separate tray without hydrogen
peroxide; b) the same tray that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

.

Figure 52: Growth CurveofMycobacterium chelonaes' Exposed to Hydrogen Peroxide

Growth O fM.chelonaesl was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted ofthe test organism in a) a separate tray without hydrogen
peroxide; b) the sarne tray that contained various concentrations of hydrogen peroxide.
Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide concentrations.

Figure 53: Positive Control Growth Curve of Mycobacterium c h e f 0 ~ e Exposed to
PhenoIic Disinfectant

Growth of M. chelonne''
in each test well was rnonitored using turbidity
meanirements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without phenolic disinfectant and b) the-same tray that contained various
concentrations of phenolic disinfectant.
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Figure 54: Growth Curve o f Mycoba&mkm ckelonae
of Phenotic Disinfectant

Exposed to Varied Dilutions

Growth ofM.chelonae was monitored using turbidity measurements over a24 hour
period. A series ofeight dilution ofphenolic disinfectant were tested but ody selected growth
curves have been shown including the organi-sm in a) 1 :250; b) l:4000; c) l:8000 and d)
1 :32000 dilutions of phenotic disinfectant.
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Figure 55: Growth C u m of M y c ~ b a c t ~ u ckelonae
m
Disinfectan t

Exposed to Phenolic

Growth ofM. c c h h e S 1was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted of the test organism in a) a separate tray without phenolic
disinfectant; b) the sarne tray that containec! various dilutions of QAC. Growth was also
monitored in c ) 1 :250; d) 1:32000 dilutions of QAC- 1 56-

Figure 56: Positive Control Growth Curve of Mycobucterium chelonae
Quaternary Ammonium Compound

Exposed to

Growth of M. chelonaeR' in each test well was monitored using turbidity
rneasurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without QAC and b) the same tray that contained various dilutions of QAC.

Figure 57: Growth Cuwe of Mycobacterium chelonae
of Quaternary Ammonium Cornpound

Exposed to Varied Dilutions

Growth ofM. chelorme was monitored using turbidity rneasurements over a 24 hour
period. A series oFeight dilution of CAC were tested but only selected growth curves have
been shown including the organism in a) 1 :250; b) 1 :8000; c) 1 :16000 and d) 1:32000 dilution
of QAC

Figure 58: Growth Curve of Mycobacterium chelonae
Ammonium Compound

Exposed t o Quaternary

Growth ofM- chefmaes'was monitored using turbidity measurements over a 24 hour
period. Positive controls consisted of the test organism in a) a separate tray without QAC;
b) the same tray îhat containeci various diiutions of QAC. Growth was aIso monitored in c )
1:250; d) 1:32000 dilutions of QAC.
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DISINFECTANTS TESTED (Initinl Concentration or Dilution)

Test Organism

1 M. chelotioc

SH(O.S%)

G(1%)

HP(3%)

QAC(1:250)

P(1:250)

I

I

1

I

I

1

18

1 16

1 >128

1 32

1 64

1

Table 20: Bacterial Outgrowth of Mycobncterirom chcluticie iii

tfie Susperisioii

Test Assny

Bactena (105cfu's/rnl) were inoculated in microwcll trays containiiig TSB + 10% FBS and serial dilutions ofthe initial concentration
of each test disinfectant (G=glutaraldehyde; SH= sodium Iiypochlorite; HP= hydrogen peroxide; P= plienolic and QAC= quaternary
ammonium compound). Bacterial growth was monitored by a multiple growtli curve reader over a period of 120 hours at 20°C. The data
in the table represents the reciprocal of the dilution of the initial concentration wliere bacterial outgrowth was first detected. Data was
compiled from three replicates. Data that is denoted by > refers to no bncterial outgrowtli detected in the lowest concentration ofdisinfectant
tested.

d) Acinetobacter baurnannii

Two test strains of A- baummmii were used in the suspension test rnethod. The
multiple resistant A. bazrmatztz~'strain and the multiple susceptible A. borrmarz,ziis' strain.
Two positivegrowth cuwe controls were performed with each assay run including an interna1
(on the same tray as the disinfectant) and an extemal control (on a separate tray without any
disinfectant).
m e n exposed to glutaraldehyde, the two positive controis of each strain exhibited
sirnilar growth characteristics. A. batrmarrriiiR' (Fig. 59) strain displayed a maximum OD of
1.3 in both internai and external positive controls. The Iag phase duration and ODSO were

also the same in both controls. This strain also exhibits an unusual, strain-specific growth
pattern.
A. baimatt»iiS' Fis. 6 1 ) does not exhibit this biphasic type of growth. Its growth is

more typical of bacterial growth curves. The lag. exponential and stationary phases are
evident in the 24 hour observation period. The lag phase was approximately 4 hours, t h e

maximum OD is 1.5. a.u. and the OD50 was approximately 8 hours for both the internai and
external growth curves.
When exposed to the highest concentration of 1% glutarddehyde, neither strain
shows any bacteriai growth although both strains did show outgrowth in 0.06%
glutaraldehyde (Figs. 60 and 62). Aithough both strains show maximum OD's comparable
to the positive controls, it is obvious that the Iag phase durations have increased.
The positive control growth curves of the sodium hypochlonte assay were sirnilar to
the curves of the glutaraldehyde exposed controls. The A. boumarztziiR' (Fig. 6 3 ) strain

Figure 5 9 : Positive Control Growth Curve of Acinetobacter baumannii R' Exposed to
Glutaraldehyde
in each test well was rnonitored using turbidity
Growth of A. baumannii
measurements over a 24 hour penod. Positive controls consisted of the test organism in a)a
separate tray without glutaraldehyde and b) the sarne tray ihat contained vanous
concentrations of glutaraldehyde..
- 162-

Figure 60: Growth Curve of Acinetobacter baumannii
Concentrations of Glutaraldehyde

Exposed to Varied

Growth of A. bnumannii ' was monitored using turbidity measurements over a 24
hourpenod. A senes of eight concentrations ofglutaraldehyde were tested but only selected
growth cuves have been shown including the organisrn in a) 1%; b)O.l25%; c)0.06% and
d) 0.008% glutaraldehyde concentrations.

Figure 61: Positive Control Growth Curve of Acineiobacter baumanniisl Exposed to
Glutaraldehyde
Growth of A. boumannii
in each test well was monitored using turbidity
measurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without glutaraldehyde and b) the same tray that contained various
concentrations of glutaraldehyde..
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Figure 62: Growth Curve of Acinetobacter baumannii
Concentrations of Glutaraldehyde

'

'

Exposed to Varied

Growth ofA. baurnannii was monitored using turbidity measurements over a 24
hour period. A senes ofeight concentrations of glutaraldehyde were tested but only selected
growîh curves have been s h o w including the organism in a) 1%; b)0.125%; c)0.06% and
d) 0_008% glutaraldehyde concentrations.
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Figure 63: Positive Control Growth Curve of Acinetobacter baumannii
Sodium Hypochlorite

Exposed to

Growth of A. baumannii
in each test well was monitored using turbidity
measurements over a 24 hour penod. Positive controls consisted of the test organism in a)a
separate tray without sodium hypochlonte and b) the sarne tray that contained vanous
concentrations o f sodium hypochlorite.
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Figure 64: Growth Curve of Acinetobacter baumannii
Concentrations of Sodium Hypochlorite

Exposed t o Varied

Growth o f A. baumannii was rnonitored using turbidity measurements over a 24
hour period. A series of eight concentrations of sodium hypochlorite were tested but only
selected growth curves have been shown including the organism in a) 0.5%; b)0.03%;
c)O.O 16% and d) 0.004% sodium hypochlorite concentrations.

Figure 65: Positive Control Growth Curve of Acinetobacier baurnannii
Sodium Hypochlorite

*'

Exposed to

Growth of A. bnumannii
in each test well was monitored using turbidity
measurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without sodium hypochlorite and b) the same tray that contained various
concentrations of sodium hypochl~rite.~
-

Figure 66: Growth Curve of Acinefobacfer baumannii
Concentrations of Sodium Hypochlorite

St

Exposed to Varied

Growth of A. baumannii was monitored using turbidity measurements over a 24
hour period. A series of eight concentrations of sodium hypochlorite were tested but only
selected growth curves have been shown including the organism in a) 0.5%; b)0.03%;
c)O.O 16% and d) 0.004% sodium hypochlorite concentrations.
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exhibited its charactenstic biphasic growth pattern. There was no significant difference in
growîh patterns of the same tray or separate tray control. The sarne is tme for A.

bmmamiisl (Fig. 65). The first concentration of sodium hypochlorite tested was 0.5%.
Both of the test strains showed no growth at this concentration. Bactena] outgrowth did
occur in 0.0 16% glutaraidehyde in each strain (Figs. 64 and 66).

The positive control growth curves of the A. bazmamtiP' strain corresponding to
exposure to hydrogen peroxîde did not exhibit the bi-phasic pattern of growth (Fij.67). The
growth pattern was simi-larto the growth pattern observed in A. barrma~znii~'
strain (Fig-68).

The maximum OD, Iag phase duration and OD50 were similar in both extemal and intemal
controis for both test strains. No concentration of hydrogen peroxide supported the growth
ofany of the test strains.
The positive controls for the A. 6armiamiiiK' strain, when exposed with the phenolie
based disinfectant, did not show the bi-phasic phase pattern of growth (Fig.69). The

maUrnurn OD of the separate tray control was 1 -3 and slightly decreased in the same tray
control. Al1 other values were equivalent in the two controls. A slight decrease in maximum
OD's was also found with the same tray control of the A. bmrmamziis' strain (Fig. 7 1).
The first dilution ofthe phenolic disinfectant (1 :250) supported no growth of any test
strain. A dilution of 1500 of the phenolic based compound did support the outgrowth of the
two test strains (Figs.70 and 72). The growth patterns at this dilution were characterized by
a decrease in maximum OD's, longer lag phase durations and increased OD50 values.
The two positive controls for QAC exposed assay were similar in lag phase duration

but the same tray controls tended to have slightly lower maximum OD's than their separate
tray control counterparts. The lowest dilution that did support growth in both strains was

.

1:8000. The growth pattern of the A. barmomzi~'strain in this dilution was ~ig~ficantly

difEerent fiom the positive controls. Only 1 replicate 0th of the three performed showed any
growth. The growth of this replicate was characterized by an extremely long lag phase (1 3
hours) and ody reached a maximum OD of 0.9. The differences in growth pattern ofthe A.
-

bazrmmiriiisl strain in the 1:8000 dilution compared to the positive controls was not as

obvious. The mm-mum OD decreased to 1.3 and the lag phase duration was increased to 6
hours-

Figure 67:Growth Curve of~cinetobacier
baumannii

Exposed to Hydrogen Peroxide

Growth of A. baumannii was monitored using turbidity measurements over a 24
hour period. Positive controls consisted of the test organism in a) a separate tray without
hydrogen peroxide; b) the same tray that contained various concentrations of hydrogen
peroxide. Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

Figure 68: Growth Curve ofrlcinetobacter baurnariniiS'Exposed to Hydrogen Peroxide
Growth ofA. baumanniis' was monitored using turbidity measurernents over a 24
hour penod. Positive controls consisted of the test organism in a) a separate tray without
hydrogen peroxide; b) the same tray that contained varîous concentrations of hydrogen
peroxide. Growth was also monitored in c) 3%; d) 0.02% hydrogen peroxide.

Figure 69: Positive Controi Growth Curve of Acinetobacter baumannii
Bhenolic Disinfectant

Exposed to

Growth of A. baurnannii
in each test we11 was monitored using turbidity
measurements over a 24 hour penod. Positive controls consisted of the test organism in a)a
separate tray without phenolic disinfectant and b) the same tray that contained various
concentrations of phenolic disinfectant.
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Figure 70: Growth Curve of Acirretobacfer baumannii
of Phenolic Disinfectant

Exposed to Varied Dilutions

Growth of A. bournannii was monitored using turbidity measurements over a 24
hour period. A series of eight dilutions ofphenolic disinfectant were tested but only selected
growth cuves have been shown including the organism in a) 1:250; b) 1500; c) 1:1000 and
d) 1:32000 dilution of phenolic disinfectant.

Figure 71: Positive Control Growth Curve of Acinetobacfer baumannii
Phenolic Disinfectant

Exposed to

in each test well was monitored using turbidity
,Growth of A. baumannii
rneasurernents over a 24 hour perïod. Positive controls consisted of the test organism in a)a
sepaate tray without phenolic disinfectant and b) the same tray that contained various
concentrations of phenolic disinfectant.
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Figure 72: Growth Curve ofAcinetubacter baumannii
of Phenoiic Disinfectant

Exposed to Varied Dilutions

Growth of A. baumannii was monitored using turbidity measurernents over a 24
hour period. A senes ofeight dilutions ofphenolic disinfectant were tested but only selected
growth curves have been shown including the organism in a) 1:250; b) 1500; c) 1 :1000 and
d) 1:32OOO dilution of phenolic disinfectant

Figure 73: Positive Control Growth Curve of Acinetobacter baumclnnii
Quaternary Ammonium Compound

Exposed to

Growth of A. baumannii
in each test well was monitored using turbidity
measurements over a 24 hour period. Positive controis consisted of the test organism in a)a
separate tray without QAC and b) the same tray that contained various dilutions of QAC.

Figure 74: Growth Curve ofAcinetobucferbaumunnii
of Quaternary Ammonium Compound

Exposed to Varied Dilutions

Growth o f A. baumannii was monitored using turbidity rneasurements over a 24
h o u period. A senes of eight dilutions of QAC were tested but only selected growth curves
have been shown including the organism in a) 1:250; b) 1:4000; c) 1 :8000 and d) 1:32000
dilution of QAC
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Figure 75: Positive Control Growth Curve of Acinefobacferbaumonnii
Quaternary Ammonium Compound

Exposed to

Growth of A. baumannii
in each test weil was monitored using turbidity
measurements over a 24 hour period. Positive controls consisted of the test organism in a)a
separate tray without QAC and b) the same tray that contained various dilutions of QAC.

Figure 76: Growth Curve ofricirrelooacter baumannii
of Quaternary Ammonium Compound

Exposed to Varied Dilutions

Growth of A. buumannii was monitored using turbidity measurements over a 24
hour-penod. A series of eight dilutions of QAC were tested but only selected growth curves
have been shown including the organism in a) 1:250; b)l:4000; c)l:8000 and d) 1:32000
dilution of QAC
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DISINFECTANTS TESTED (Iriitinl Concen t r ~ t i o nor Dilution)

Test Organism

SH(O.S%)

G(l%)

EP(3Yo)

QAC(1:250)

P(1:250)

A. 6atrrna)iriii"

16

32

>128

2

32

A. bazrntar~r~ii
R'

16

32

>128

2

32

J

Table 21: Bacterid Outgrowtli of Acittctobnctcr baio~tciwiiiin the Siisl~ensioiiTest Assny
Bacteria (1 05cfÙ's/ml) were inoculated in microwell trays coiitaining TSB + 10% FBS and serial dilutions of the initial concentration
of each test disinfectant (G=glutaraldehyde; SH= sodium Iiypochlorite; HP= hydrogen peroxide; P= phenolic and QAC= quaternary
ammonium compound). Bacterial growtli was monitored by a multiple yrowth curve reader over a period of 24 hours at 370CC.The data
in the table represents the reciprocal of the dilution of the initial concenirotion where bacterial outgrowth was first detected. Data was
compiled from three replicates. Data that is denoted by > refers to no bacterial outgrowth detected iii the lowest concentration ofdisinfectant
tested,

DSCUSSION

i) Introduction
The numbers of hospital-acquired i n f i o n shave steadily increased in many countries
(130). Although many antibacterid agents have been developed and introduced into clinicai

use overthe past five decades, bacterial infections are still a serious cause of patient morbidity
and mortaiity (64). This is largely due to the development more immunocompromised
patients and multiple antibiotic resistance in these organisms. As a result, attention is being
directed to the responses of various *es

of bacteria to chemical disinfectants, specifically,

whether antibiotic resistant bacteria are cross-resistant to chernicd disinfectants.
The objective of this research was to determine whether multiple antibiotic resistant
bacteria are associated with higher resistance to chemical disinfectants when compared to the
same multiple antibiotic susceptible organism. Many investigators have studied this possible
association but have concluded that multiple antibiotic resistant organisms are not more
resistant to chemical disinfectantsthan multiple antibiotic susceptiblestrains (4,5,8 and 129).
Our research project served to expand the methods used by previous investigators by using
a range of test bacteria that have been linked to hospital outbreaks and multiple antibiotic

resistant organisms, the addition of an organic challenge and variations in disinfectant
concentration and exposure t h e . This study was carried out in two distinct assays. The
SurfaceCarrier Test employed a PVC lumen carrier that was inoculated with test bacteria that
were suspended in an organic soil (ATS). The organic soii was formulated to sirnulate the
residual cornponents found on patient used medical devices. The organisms in the test soil
were dried onto the lumen carrier which was exposed to the disinfectant and quantitative

measurements of residuaI, viable bacteria were taken. The Surface Carrier Test determined
the efficacy of the test disinfectant to kill bacteria in a physical environment in which
disinfectant contact with the bacteria was reduced (ie. it rnust penetrate fiom the top of the
film of organisms to the bottom). The Suspension Test does not involve any physical "road
blocks" because the disinfectant and bacteria were in constant contact. The bactena were
inoculated into a medium containing an organic challenge different from the ATS used in the
Surface Carrier Test. Test disinfectants were added directly to the bacteria containing media.
Bacterial growth was rnonitored using continuous spectrophotometric absorbance
measurements- Aithough the Surface-CarrierTest and the Suspension Test generated data
-

that is distinct from each other. the results from each test were cornpiled and this information

has given us new insight into the relationship between chernical disinfectants and multiple
antibiotic resistant organisms.
ii) Surface Disinfection

It is welI known that cleaning and/or disinfection is important in the health care setting
(62). This is true for medical devices and environmental surfaces. Adequate cleaning andlor

disinfection plays a role in the reduction of nosocomiai infections. According to Spaulding's
classification of patient care items and equipment (122), health care environmental surfaces
-

faIl into the category of non-critical items- Non-critical items have virtuafly no risk of
transmitting infectious agents to patients or staff (106) therefore low-level disinfkction of
these items is often perfomed. Medicd devices, on the other hand, require a more increased
level of disinfection. Medical devices are usually divided into semi-critical and critical items.
Semi-cntical items corne into contact with mucous membranes of the patient while criticai

items enter stenlized areas of the body such as stede tissues or the vascular systern (106).
Semi-cntical items must at least be high-level disinfected and critical items must be stedized.
Choosing an appropriate disinfectant for semi-critical and critical items is difficult and
often confusing. The microbial activity of every commerciaily available disinfectant is
indicated on each package. The manufacturer's label daims indicate the activity of each
disinfectant, the main active ingredient, the use-concentration and the disinfectant exposure
time to be used to achieve the Ievel of disinfection noted. The difficulty and confision arise

from the many choices one has. There has dso been an increase in the numbers of
disinfectants claiming activity against multiple antibiotic resistant bacteria. This study was
airned at assessing the disinfectant efficacy of the test disinfectants against multiple antibiotic
resistant bacteria in an environment that simulates the disinfection of surface of rnedical
devices that are hard to clean and may harbour residual organisms and patient-secretions after
cleaning (ie. flexible endoscopes). To simufate this environment, the multiple antibiotic test
bacteria are inoculated onto a PVC lumen in the presence ofa "worst-case" organic challenge.

The bais of disinfection is to drasticalIy reduce the risk of contamination fiom one
person to another. One factor involved in reducing this rÎsk is the ability to remove the
microorganisms fiom the surface that they are on- It is known that cIeaning of medical
devices prior to disinfection is very important in reducing the bacterial load (62). If the
devices are not properly cleaned, high-Ievei disinfection or stenlization c m not be guaranteed
(62) because a high bacterial Ioad wiIl intefiere with the efficacy of the disinfectant. Because

environmental surfaces are categorized as "non-critical", recent emphasis has been on physical
"cleaning" rather than disinfection.

Removal of baaerïa fiom medical devices is largely dependent upon the adherence of
the bactena to the surface. The harder it is to remove the bacteria, the more likely it will
remain on the surface. If the adherent bacteria are not destroyed by the disinfection or
sterilization procedure, the nsk of spread of these residual bacteria to other patients is
increased,
In the Surface Camer Test, we observed adherence differences to the PVC Iumen
camer in the range of test bacteria. We noted these differences when we subjected the test
bacteria to our fluid control. The fluid control was performed to determine the level of
bacteria that were lefi on the lumen carrier after it was subjected to the assay in the absence
of disinfectant.

Differences in adherence were observed between the Gram-negative

organisms (ie. Acittetobacfer batrmant~iïand Aka1igerrte.s species) and the Gram-positive
organisms, (i e. S~ayhyIococcrrsazrr~'~~~
and fi~ferococarsjnecii,m).Mycobacterizrrn chclo~rae

also showed greater adherence to the PVC lumen camer compared to the Gram-negarive
organisms evaluated.
The recoverable bioburden results showed that the Gram-negative organisms tended
to be washed off the PVC lumen carrier more readily than the Gram-positive organisms
(Tables 5, 6, 8 & 9). The difference in adherence between the two types of organisms was
approximateiy 2 logs,,. Because of the "wash-off ', the recoverable bioburden d u e s for the Gram-negative organkrns tested were so low that we could not obtain a positive control (no

disinfectant) with 1o6 residual organisms. As such, we could not assess whether a 6 log,,
reduction could b e achieved by the various disinfectants evaluated.
The greater adherence, afier fluid exposure of Gram-positivesto surfaces such as PVC

compared to Gram-negatives has not been previously reported. The difference in adherence
abilities may be due to the distinct structure of the ce11 wall between the two types of
organisms (ie. high peptidoglycan content of Gram-positive organisms compared to the lipid
bilayer and LPS of Gram-negatives). The ability of the Gram-positive bacteria to remain on
the camer more readily may be a factor in its roIe in nosocornia1 infections. This is t h e reason
why cleaning of the medical devices before disinfection is very important (62). If a medical
device such as a flexible endoscope is not cleaned before disinfection and the fluid movernent
of the chernical disinfectant in the narrow lumened channei of a flexible endoscope does
remove a substantial amount of bacteria, as observed in this study, the killing ability of the
disinfectant on vegetative bactena must be absolute to eliminate the risk of subsequent
baaerial transmission to another patient. Unfortunately, we have also observed in the Surface
Carrier Test, that high level disinfectants like glutaraldehyde are not completeiy
effective(Table 5 & 7) against multiple antibiotic resistant S~aphyfococntsarireirs and
glutaraldehyde resistant Mycubacrerircm chrfotim. For M. chefotïae.there have been reports
of infections caused by contaminated medical devices (1,46,63,90 106, 121, 13 6). When the
increased adherence ability of Gram-positive bactena is coupled with the ability of these
organisms to survive on dry surfaces (142), t h e risk of transmission within the hospital
environment would appear to be enhanced.
strains (Table 87Variancesin adherence were aiso observed arnong the A.-.baumannii
The multiple antibiotic resistant strains showed decreased adherence levels when compared
to the susceptible strain. This is interesting in the context of increasing reports of nonantibiotic resistant A. baumannii playing a prominent role in nosocornid infections and

hospital outbreaks (12, 13, 26, 28, 35,42, 133, 14 1).
Although the main objective of this study was to determinethe disinfectant resistance
levels of multiple antibiotic resistant bacteria compared to their susceptible counterparts, the
efficacy of the test disinfectants against the test bacteria could also be assessed. Sodium
hypochlorite, at a use-concentration of 0.5% was arikingly and completely effective (no
detectable, residual bacteria) against the whole range of test bactena in the Surface Carrier
Test. Sodium hypochlorite has been widely used for hard surface disinfection (78) and is
sporicidal at high concentrations. The results show that even at OS%, sodium hypochionte
was very effective in killing both multiple antibiotic resistant and susceptible bactena. The
only limiting factor attributed to this disinfectant is it's corrosive nature on metals therefore
metallk environmental surfaces and medical devices shouId not be disinfected with sodium
hypochlonte.
Another finding related to the Surface Carrier Test was the inability of 0.04%

hydrogen peroxide to totally kill t h e majority of the bactena evaluated. Hydrogen peroxide
is a widely used biocide for disinfection, sterilization and antisepsis (78) and is considered a

high level disinfectant at higher concentrations (10%-30%) and longer contact times (1 7). In
this study, we determined the activity of both a 3% and 0.04Ya hydrogen peroxide solution,
which are the use-dilutions recommended by the manufacturer. With the exception of
Alcaligenes. the residual bacteria le& after exposure to 0.04% hydrogen peroxide was -1-4

logs,, depending on the recoverable bioburden values. In Our study, hydrogen peroxide had
greater activity against Gram-positive than Gram-negative bacteria. However, the presence
of catalase or other peroxidases in Gram-positive microorganisms could increase their

tolerance to lower concentrations of hydrogen peroxide (78). Hydrojen peroxide can be
chemicallybroken d o m into water

w2O)and oxygen (03 by the enzymaticactivity of catalase

which thereby reduces the antimicrobial activity of this disinfectant. The range of Grampositive test bacteria gave us the oppominity to determine if any one organisrn could
overcome the effects of 0.04% hydrogen peroxide better than the others. StaphyIoccocz~s

aurais is a Gram-positive, cataiase positive organism while Enterococcusfaecium is a Grampositive, cataiase negative organism. We expected that S~qhyIococnrsuureuswould exhibit
siightly higher tolerance for hydrogen peronde compared to Enterococc~crsfaecizmbecause
it contains catalase. The resdts of the experiment showed that neither organism was
effectively Mled by 0.04% hydrogen peroxide than the other. This obsenration suggested that

at this low concentration, hydrogen peroxide was ineffective at killing Grampositive bacteria
whether or not they possessed the enzyme, catalase. However, 3% hydrogen peroxide,
survival ofStaphyIococmsaureus was evident whde s u ~ v aof
l Enierococnrsfoecium in the
higher concentration did not exist. These data suggested that the use of 0.01% hydrogen
peroxide to disinfectant environmental surfaces or medical devices contaminated with multiple
antibiotic resistant or susceptiblebacteria wodd not be effective. A higher percentage

3%)

of hydrogen peroxide should be used for disinfecthg these surfaces.
The main objective of this study, again, was to determine whether multiple antibiotic
resistant organisms were more resistant to chemical disinfêctants than antibiotic susceptible

strains. In all organisms and disinfèctants tested, no differences were observed. The
conclusion based on the Surface Carrier Test was that multiple antibiotic resistant organisms
were not more resistant to chernical disinfectants than antibiotic susceptible bactena despite

the presence of an organic (ATS) and physical (surface) challenge.
iii) Suspension Tsting
The reuse of chemicaI gerniicides for decontamination of medical devices such as
flexible endoscopes is routinely performed in most hedth case facilities (124). Due to reuse,
accumulation of organic material, dilution of the disinfectant and changes in pH of the
disinfectant are known to occur. Although manufacturers indicate the recommended pet-iod
of use for a certain disinfectant, these recommendations are not always adhered to resulting
in suboptimal efficacy of the disinfectant. Factors that are known to affect disinfectant

efficacy are concentration of disinfectant, contact time, temperature, pH, organic load and
aging of the disinfectant (124). AI1 ofthese factors rnay occur in the reuse of the disinfectant,
therefore, evaluating disinfectants under some or ail ofthese conditions is valuable. The study
of disinfectant efficacy under reuse conditions has not been extensive but of the few studies

that have been performed, failure to inactivate of rtfycobac~erizrm
species has been observed
(1 24).

The Suspension Test performed in this study was intended to evaluate kiIIing efficacy

in the presence of an organic challenge. Suspension testing is important because reused
chernical disinfectants are &en diluted to the recomended use-dilution and stored until next

use. Reuse periods ofup to 28 days are cornrnonly recommended for glutaraldehyde products
(124).

D u h g this time, bacterial growth rnay occur in the disinfêctants and result in

contamination of the objects that are being disinfected. The Suspension Test examined the
killing abilities of test disinfectants on bacterial suspensions in concentrations lower than
manufacturers' recommendations and over prolonged exposure times to evaluate organism

s u ~ v aunder
l
conditions that simulated in-use conditions. The Suspension Test also provided
us with more information regarding the ability of multiple antibiotic resistant bacteria to
outgrow the effects of disinfectants at Iower concentrations or over longer contact times.

Ln the SurfaceCamer Test, 0.5% sodium hypochlonte possessed the best killin; ability
over the entire range of test bacteria. In the Suspension Test, we observed that hydrogen
peroxide, at a concentration of 3%, was the most effective against the widest range of test
bactena. The test dilutions for hydrogen peroxide ranged fiorn 1% to 0.004%. Even at the
lowest concentration, 0.004%, no bacteriai outgrowth was observed. This was an interestinp
observation because the conciusions made in the Surface Camer Test were somewhat
different. In the S u ~ a c Carrier
e
Test, 3% hydrogen peroxide provided better killing ability
than 0.04% but residual bacteria was ail1 observed. The lower (0.04%) concentration was
ineffective ajainst al1 bacten'a in the Surface Cam-er Test. Meanwhile, the Suspension Test
results show no growth of any test bactena in 0.004% hydrogen peroxide, which is a fiirther
1:1O dilution beyond the Iowest concentration used in the Surface Camer Test. These results

could be explained by three factors that differentiated the Surface Carrier Test €rom the
Suspension Test. The first factor is the absence ofany physicaI challenge in the Suspension
Test. The penetration needed in t h e Surface Canier Test may have compromised the
disinfectant efficacy at both the 3% and 0.04% concentrations. In the Suspension Test,
bacteria and disinfectant were constantly in contact. The actual exposure of the disinfectant
to the bacteria in the Suspension Test rnay have been much greater than in the Surface Camer
Test. The presence of air bubbles that may have restricted contact between disinfectant and
bacteria and the inherent properties ofthe PVC surface such as microscopie crevices rnay have

shielded the bactena fiom the disinfectam Any or all of these factors could account for the
differences in results.
The second factor that rnay have been responsible for the differences in survivai is the
nature of the organic challenge. In the Surface Carrier Test, the ATS contained whole sheep
blood. In the Suspension Test, a modification of the artificial test soi1 was used because
whole sheep blood

interfered with the spectrophotometric readings involved in the

Suspension Test. Therefore, the organic challenge was provided by the addition of 10% FBS
to the reaction media. The red blood cells in the ATS contained the enzyme, catalase which
breaks d o m hydrogen peroxide into water and oxygen ( 17, 78). FBS does not contain red
blood cells and therefore has no catalase to break down even low concentrations of hydrogen
peroxide in the Suspension Test media. This difference may account for the effectiveness of
0.004% hydrogen peroxide in preventing bacterial growth in the Suspension Test.

The third Factor t hat couid account for the ciifferences seen with hydrosen peroxide

is that growth was o d y monitored by spectrophotometnc methods. A sample of the test
media plated onto nutrient media and incubated after the assay was complete was not
performed- This additional test would have assessed whether viable bacteria were present that
were non-rephcating because the spectrophotometricmeasurements would only have captured
bacterial growth due to replication of the organisrn.
Most-disinféctantsare formulated for optimal, broad-spectrum antiniicrobial activity
at high concentrations. With reused disinfectants, concentration rnay be comprornised due to

repetitive uses. The inability to detect the effects of dilution on the activity of disinfectants
in-use may lead to unrecognized reduced efficacy. There is also the possibility that over-

dilution of these disinfectants could lead to the suMval of bactena (1 03). The Suspension

Test data for giutaraldehyde supported the importance of routine monitoring ofthe minimal
effective concentration for disinfectants that are re-used ( 1 24).
Glutaraldehyde formulations of 22% are the most widely used high level disinfectants
for reprocessing flexible endoscopes (90). For most formulation of 2% glutaraldehyde used
in the reprocessing of flexible endoscopes, the manufacturer recommends a reuse penod of
14 days. As obsewed in the Suspension Test, the dilution of 2% glutaraldehyde could

compromise its eEcacy. The dilution of 2% glutaraldehyde greatly affects its efficacy
compared to the other test disinfectants (Tables 13, 14, 15, 16). The highest concentration
of glutaraldehyde that supported the outgrowth of En~erococcusfaecium was 0.125%
solution which is a 1 :16 dilution of 2% glutaraldehyde. Glutaraldehyde seemed to be the most
sensitive to dilution. This observation emphasized that, for glutaraldehyde, as well as other
high levei disinfectants, the minimum effective concentration @ E C ) of disidectants should
be tested and that reuse conditions must also be adhered to othewise even vegetative
antibiotic susceptible microbial strains may s u ~ v e .

Acirietobucler barrmannii showed the most resistance to the phenolic and QAC
compounds (Table 16). These results dif5ered from the observations of the Surface Carrier
Test (Table 8). As little as a 1 :2 dilution of themanufacturer's recomrnended use-dilution of

" the phenolic compound could greatly reduce the disinfectant efficacy. Phenolic cornpounds
that are made up and not used immediately are usuaily stored until needed. Inadvertent
dilution or the slight decrease in activity ofthe active ingredients could compromise the killing
abilities of this disinfectant.

The resistance of Acinetobacter bauma~z~zii
in the p henolic and QAC was O bserved
for both multiple antibiotic resistant strains and the multiple antibioticsusceptiblestrains. This
supports the possible association ofthe nosocomial importance of this species of bacteria (1 2,
13, 26,28, 35,42, 133, 14 1 ) with the organisrn's observed resistance to these disinfectants.

In regard to whether multiple antibiotic resistant bacteria were more resistant to the
test disinfectants than multiple antibiotic susceptible strains, the Suspension Test data
demonstrated that multiple antibiotic resistant strains were not more resistant to the
disinfectants evaluated.
iv) In-Use lssues

In the literature, importance is stressed regardkg the adequate contact time of a
disinfectant to achieve the levei of disinfection needed. (9, 16, 17, 29, 48, 78, 90, 103, 104,
106, 121, 124). Afthough manufacrurers' state the exposure times of each disinfectant, these

times are not always adhered to. A previous survey on the disinfection of flexible endoscopes
has indicated an average disinfectant contact time of 10-20 minutes with 2% glutaraldehyde
with contact that may be as short as 4 minutes (124). Decreased contact time may have a

detrimental effect on disidectant efficacy and cause errors in reprocessing. The study of
actual disinfectant contact tirnes has not been thoroughly assessed in the past but it has
become increasingly important to study the redistic in-use disinfectant contact tirnes to
determine the eEcacy of disinfèctants under "in-use" conditions.
In the Surface Carrier Test and in our evaluations, bactena were exposed to the test
disinfectants for a contact time that was based on the manufacturer's minimum
recommendation that was Iisted on their product. The times we chose either exceeded

(sodium hypochlonte and hydrogen peroxide) or met (giutaraidehyde, phenolic and QAC )
these values. The contact times used for the ModifÏed Surface Carrier Test were based on
observations of the disinfectant contact tirnes used by housekeeping staffwhile they cleaned
patient roorns,
The survey of several housekeeping stafFwhile they cleaned patient rooms revealed
that even with the sarne s t a f f member, the disinfectant exposure time varies- This variation
arose from the fact that each room that was cleaned and/or disinfected was quite different.
Even ifthe staffrnember was conscientiousabout their cteaning routine, circumstances beyond
their control forced them to m o d e their routine to accommodate the situation.
The greatest factor influencing the contact time of the disidectant was whether the
patients' rooms were occupied, either with a patient or the patient and visitors. Unoccupied
rooms were less confining and the housekeeping staff found that they could clean the room
at their own pace. When the patient's room was occupied, housekeeping staff tended to try
to be l e s intrusive and tned to be in the room for the Ieast arnount of time. This could
potentially lead to sub-optimal cleaning and disinfection resulting in disinfectant contact times
that were reduced. Another factor that may have reduced the disinfectant contact times was
the workload of the staffmember. The more rooms the staffmember must clean in a specific
amount of time, the more likely hekhe would spend less time on each room.
The cleaning/disinfecting observations led us to evaluate two alternative contact times
for the Modified Surface Carrier Test. These contact tirnes were chosen based on the rnost
common, longest and shortest disidectant contact time (Table 10) which were 1 and 10
minutes.

The Modified Surface Canier Test results showed a slight increase in sumival of both

E. foecim strains when tested against 0.04% hydrogen peroxide but no apparent changes
with gluataraldehyde, sodium hypochlorite and 3% hydrogen peroxide (Table 1 1) with a
contact time of 10 minutes. A contact time of 1 minute showed increased s u ~ * v ainl both
strains to al1 the disinfectants except 2% glutaraldehyde. The previous data for the Surface
Camier Test and Suspension Test results indicated us that the efficacy of 2% glutaraldehyde
did not largely depend on its contact time but rather on variations in concentration. Whereas,
substantid reductions in concentration of 3% hydrogen peroxide seemed not to have a great
effect while changes in the contact time resulted in greater bacterial s u ~ v a l .
-

These observations stress the fact that the disinfection guidelines, specificdly

concentration and contact times, should be adhered to carefùlly. Every disinfectant is variable
in its efficacy if any or al1 of these conditions are changed. These variations, as seen in the
Modified Surface Carrier Test, may create an increased risk of bacterial spread and
nosocornial infections.
v) Sumrnary

The objective of this study was to determine whether multiple antibiotic resistant

bacteria were more resistant to chemical disinfectants than multiple antibiotic susceptible
srrains. Previous studies have proven that multiple antibiotic resistant bacteria were not more
resistant to dishfiectants (4, 5, 8, 129). Our hypothesis was that multiple antibiotic resistant
bacteria would show an increased resistance to chemical disinfectants compared to the
susceptible strain. This was hypothesized because of several critical factors that previous
studies did not evaiuate.

In this study, the range of multiple antibiotic resistant bactena was much greater and
included species that exhibited mechanisms of resistance not previously studied in this contea.
These non-specific antibioticresistance mechanisms included efflux pumps and decreased cell
wail permeability. We wanted to study these types of mechanisms and their possible

association with disinfectant resistance. Surface and suspension test methods were included
and for both of these methods, an organic challenge was included to mirnk the conditions
found in patient-used medical devices. Because the previously published studies did not
investigate these factors, we hypot hesized that we rnight find previously unrecognized
correlation between antibiotic resistance and disinfectant resistance- However, the data fiom
both the Surface C h e r , Suspension and Modified Surface Cam-ertest indicated that multiple
~antibioticresistant bacteria are just as resistant or susceptible to chernical disidectants as
multiple antibiotic susceptible bacteria. These data further support McDonnell and Russell's
(78) observation that tme resistance to disinfectants is difficult for rnicroorganisms to develop

because the concentration of the disinfectant's active component is so high (ie. in the mg/ml
range) whereas for antibiotics, -the active components are in a lower magnitude of
concentration (ie. ug/ml).

In other words, sheer excess concentration of disinfectants

overwhelrns mon bacteria Despite this observation, caution is advised because organisms
such as glutaraldehyde-resistant Mycobacterirlm chelorne (46) have developed substantial
resistance for high levels of glutddehyde indicating that we can not ignore the issue of
disinfectant resistance despite its rarity.
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CALGON VESTAL Division
TECHNICAL INFORMATCON

GENERAL DESCRIPTION
U H s e 1s a research developed. non-alkalino. phenolic germicÏdal delergent designed IO be effective
in hard (CO0 ppm as CaC0,) or sofi vrater and r n the presence of 5% organic soi1 Tne use-dilvrion
of lhis producl is specificaliv fotmulared I o clean. dÏstnfccl and deodorizc in a simple on= slep
process
O~fulevrith tap warer as dispensed. L p H s e m a y b c used on hard. non-PO~OUS
cnvironmcnial surfaces such as noors. waHs. Counlers. 10015. cans and oiher cquipmcnt rn nospiiatsnursing homes. clinics. pharrnaceulrcal manufacluring facililies. and anrmal research facili~res
Notc: This producf is n o r r o b c u s e d a s a srcrilanr or high I c v c l disinfccrant o n any s u d a c c o r
inscrurncnt char (Y) i s i n c r o d u c c d dircccly i n t o Che human body. c i f h c r i n r o o r in contacr wirh
rhc b l o o d s r f c a m o r n o r m a l l y srcrilc a r e a s O / t h e body. o r (2) conracts inracr m u c o u s
rncmbrancs but which docs n o r o r d i n a r i l y pcnccrarc Che blood barrhr o r ofhcrwisc c n f c r
n o r m a l l y srerilc arcas of r h c body.
FEATURES
kdvanced phenoltc formula

Broad specirum. tuberculocidal and
virucidal including HIV (NOS)

Responsible for excelieni cleaning resuiis

GER?~IICIOACPROPERTIES
The officia1 les1 for determining Ihe germicidal efficacy of a one-slep deaner drsinfeclant 1s Ihe
Use-Dilul~onMelhod as stated in rhe A O A C Methods of Analvsis. LpHse concenirate diluled 1:256
in 400 ppm (as CaC03 hard water is effeaive agarnsr the following microorganisms in the presence
of 5% blood senim. 10 minules ai 20°C.
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COVERAGE

C o v e r a g ~Plus may be used for the cleaning and disinfeciing of mosl hard surfaces such as floorswallr, umodwrfr. balhroom fixlures. equiprneni and furnirure. Coverage Pius is inlended for use
institutions sudi a s hospitais. nursing homes. sch00ls. medical and dental offices and olher publtc
areas.

FEATURES

Concentraied

COSIellccttve

Broad Specirum aclrvrly
including HIV-1 (AIDS)

Assures effeclive dtsinfecrion of nard
non-porous surfacer

Adranced deiergenl s y s i e m

Provides superior cleaning abiliiy

GERMICIDAI PROPFRTIES
The official lest for delermining the germicrdal efficacy of a one-slep d e a n e r disinfectant is the
use-dilulion rnethod a s stated in t h e A 0 A C Melhods of AnaIrsis. Coverage Plus diluled 1:256 in
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PIRECTIONS FOR USE
Ç l e a n i n ~and Disinfeclina Washable Hard Non-Porous Surfaces;
~ d one-haIf
d
ounce (15cc) i o each measured gallon of water used. Always add Coverage plys
premeasured water. Genily mix for a uniform soluiion. Apply s ~ l u t i o nv d h a ~10th.sponge. mop o r
S clcaned. then remove
brush using normal cleaning rnethods. ThoroughIy wet al1 S U ~ ~ C[O ~b e
ercess solution with a wrung-oui applicator. Treaied suriaces should remain Wei for [en minules.
For heavily soiled areas. a preliminary cleaning is required- Prepare a fresh soiution daily or vjhen
use-solution becomes visibly diny. Coverage Plus 1s a cornpleie product. Do not add oiher
chernicals. Use onfy as drrected. If Irozen. Ihaw and rcmix before use.
STORAGE
Prohibition- Do no1 contaminaie vraier. food or feed b y Srorage or disposa?. Do no! store on
side. Avoid creasing or impact~ngof side vralls.
SERVICE

-

Sales
Service is one of the m o s l imponant assurances for consisleni qualiiy performance of your
operation. Your representaiive wiH lailor a service program for your facility ihai vrdi provide
effective and trouble-free operations.
Technical

CALGON VESTAL is pleased I o provide a completely slaffed a n d equippcd Technical Service
Laboratory capable o f performing needed tests and providing both relephone and on-site
assistance when needed- Your representative will provide you rviih more details on hor=.thts
servicc can benefit your panicular situation.
PRECAUTtOMS
Informahon conccming huni3n and cnvir0mTICn~alerposurc m a y be rcvicmed on the tL2iyiat
n u r n ~ nan5
D a l a Sncet [gr lhe p r 0 3 ~ c t For addirional informalron rcgarding incidenis 1nvo1~1ng
cnu~ronrncntalcrposure. cal1 1-3 1 c - 5 3 5 - 1395 and ask for the Requlatory Affatrs Grou? of CALGO:.:
VESTAL 01wsion.
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