ABSTRACT

SUSAN W ROGERS. A QJantltatlve Carrier Test

for Disinfectant Testing Pu 0S€s. OD%mder the
Direction of DR | AT

A quantitative carrier test for disinfectant testing was examned. Stainless
steel penicylinders inoculated with bacteria were exposed to representative
phenolic and quaternary amoni um compounds. Logarithm ¢ reductions of
the bacterial populations were obtained. The assay detected a dose-response
relationship and gave reproducible results. The assay has the potential to
replace the current sanctioned assay for disinfectant registration testing.
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Chapter 1

I NTRODUCTI ON

There are hundreds of disinfectant fornul ations available for use in

the home, industry or hospital setting, with a variety of intended uses that
differ in both cost and performance. The Environmental Protection Agency
(EPA) requires manufacturers of disinfectants to test their products for
stability, human toxicity and effectiveness.™ Prior to 1982, the EPA perforned
pre- and post-registration efficacy testing of disinfectants to verify the
manufacturers' performance clains. Due to budget cuthacks this process was
halted. " This has left a gap which state and hospital |aboratories have been
forced to fill.

Wi le ineffective disinfectants marketed for home use may result in a
monetary loss to the consuner, inadequate disinfectants used in a hospita
setting can have both nonetary and human health costs. Inproperly
disinfected patient care items can cause nosocomal infections when they
contact sterile tissue, mucous menbranes or non-intact skin. * Thus, the lack
of testing, or the use of poorly designed tests of disinfectant performance, can
lead to increased morbidity and the increased cost of |engthened hospital
stays.

A clear, concise definition of the process of disinfection is necessary to
understand the goal s of disinfectant efficacy tests. Unfortunately, there are as
many definitions of the termdisinfection as there are disinfectants. In
general, disinfection can be defined as a "process that elimnates al
pat hogeni ¢ m croorgani sns on inanimte objects with the exception of
bacterial endospores.” ™ Fromthis definition, pathogenic m croorganisns
include vegetative bacteria, fungi, viruses, and protozoans capable of causing
human di sease. The exclusion of bacterial endospores, which are extrenely
hardy bacterial forms, sets [imts on the process and differentiates it from
sterilization in which all mcroorganisns are killed. The inclusion of the
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terminanimate objects serves to differentiate the process fromthat of using
antiseptics, which are applied to skin surfaces.

This research examned the [aboratory tests available for disinfectant
efficacy and determned those factors which constitute reproducible, efficient
and cost effective tests. After review ng current test methods, a new test
met hod was devel oped and tested. This new nethod was designed to
sinplify and standardize disinfectant testing for |aboratories that now
individual ly certify new products. The data obtained with the new nethod
provides insight into the performance of individual disinfectants.
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Chapter 2

FACTORS | NVOLVED I N DI SI NFECTANT TESTI NG

The purpose of all disinfectant tests is to assess the ability of a specific
disinfectant to kill a bacterial I|oad under prescribed conditions. The
conditions of the test have an inportant inpact on the ability of a disinfectant
to performas required. Significant parameters include the types of organisns
to be killed, pH contact time, presence of organic matter, tenperature,
disinfectant concentration and the presence of disinfectant neutralizers. To
insure reproducibility, these conditions mst be kept constant during the
testing.

Choi ce of Organisms

Bacteria are the organisms chosen for disinfectant assays because they
are easily grown and widely available. The specific bacteria chosen can have a
significant inpact on the outcome of the assay. Generally, nore than one
bacterial genus is used for a particular test, with at |east one being a gram
negative rod and one a grampositive cocci. There are two reasons for using
miltiple organisns: 1) in hospitals, contam nation usually occurs with a
variety of organisms, not a single species, and 2) the use of nultiple
organisms insures that the disinfectant was not fornulated nerely to kill a
specific organismfor a particular assay.'*

In addition to choosing nore than one organismfor a particular test, it
IS necessary to choose the nore resistant organisms, such as strains of
Pseudormonas aeruginosa. It is generally thought that if a particular
disinfectant can kill resistant organisms then it will also be able to kill less
resistant organisms. *

The organisns chosen for a disinfectant test should be obtained froma
cultura col lection such as the Arerican Type Culture Collection (ATCC).
This insures that all labs are using the same bacterial strain and that the
organisns do not lose their intrinsic resistance fromrepeated subculture
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pH

Hydrogen ion concentration, or pH can be critical to disinfectant
activity. Changes in the pHof a disinfectant solution can increase or decrease
disinfectant effectiveness due to changes in the cell vAralls of the bacteria
Changes in pHcan also alter the initial disinfectant structure. An increase in
the pH has been found to result in decreased activity of phenols, chlorine
compounds, organic acids and sul phur conpounds, while a decrease in pH
has been found to increase the activity of quaternary ammni um
conpounds. '

Close attention nust be applied to the determnation and maintenance
of proper pH during testing, because a slight change can have a large effect on
the outcone. The manufacturer's recomrended pH gui delines shoul d be
observed not only during test situations but during in-use situations as well.

Contact time

Contact tinme between the bacterial |oad and disinfectant solution is also
critical to effective killing. In nost instances, increased contact tine |eads to
increased effectiveness. The ideal contact tine is a function of the
disinfectant solution and the size of the bacterial load to be killed.”

Organic Matter

Surfaces to be disinfected generally contain organic matter such as
blood and dirt. While the process of cleaning surfaces prior to disinfectionis
advocated, this suggestion is not always fol | owed. In some situations, areas
may not be accessible to cleaning. For this reason, some disinfectant tests
challenge the ability of a disinfectant to overcome organic interference.

The presence of organic matter is thought to interfere with disinfectant
activity by two mechanisms: 1) the presence of organic matter may shelter
organisns fromcontact with the disinfectant and 2) when disinfectants bind

with organic matter rather than organisns, the activity is decreased.”

The effect of organic matter on disinfectants depends on the
conposi tion of the organic matter and the disinfectant structure. A genera
rule is that the more chemcally reactive the conpound, the nore it is
affected by the presence of organic matter.® One study found that the higher
the protein content of the organic matter, the higher the interference with
disinfectants.0 The sane study concluded that doubling the disinfectant
concentration did not significantly alter the neutralization by the organic

matter.
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Tenperature

The tenperature at which disinfectant tests are performed is another
i nportant consideration. The effect of tenperature is related to disinfectant
formilation and the bacterial cell growh kinetics. Each disinfectant has its
own critical tenperature. One study found that glutaral dehyde was greatly
affected by tenperature while sodi um hypochlorite was generally insensitive
to tenperature increases. This study also concluded that at tenperatures
above 50°C, any additional increase in killing was |ikely due to the heat
sensitivity of the bacterial cells instead of increased disinfectant activity.?

The tenperature at which the test organisns are grown and the
tenperature at which survivors are cultured is also inportant. There is some
evi dence that tenperature changes can have an inpact on the resistance
patterns of some bacteria;, those exposed to gamma radiation and chem ca
exposure may recover better at reduced tenperatures.”

Di si nfectant Concentration

Disinfectants are rarely received at their proper use-dilution for field
use and laboratory tests; the user is responsible for adhering to the
manufacturer's suggested dilution wth the proper diluent. This is yet
anot her source of error in field use and laboratory tests. According to G ay,
the greatest continuing problemwth disinfectants is the routine use of such
products at ineffective concentrations.

Some disinfectant assays test variations of the manufacturer's
recommended dilutions to assess the margins of safety. The original Sykes
test, for exanple, used two dilutions in addition to the manufacturer's
recommended dilution. ™ Another study measured the efficacy of freshly
prepared dilutions against the same dilutions that were several days old.

Results denonstrated that proper dilutions could lose their effectiveness over
tine.i4


NEATPAGEINFO:id=3713AFBF-82A2-41B8-8E9B-D329B588F8E6


Neutralizers

In all disinfectant assays it is necessary to have some nethod of
neutralizing the disinfecting agent at the conclusion of the test. If
neutralization is not acconplished, there will inevitably be some carryover
into the recovery medium This will extend the time of disinfection and can
lead to erroneous results. To be effective, the neutralizer nmust inactivate the

chosen disinfectant rapidly, wthout being inhibitory to the bacteria
survivors. Mt

Some exanpl es of commonly used neutralizers include Letheen
medi a, which is capable of inactivating the quaternary conpounds and
Tween 80 which can neutralize the phenolics, hexachl orophene and
formalin.'* Inaddition, if afilter is used as a growth mediumfor surviving
bacteria, it is necessary to wash the filter so that no residual disinfectant is |eft
on the surface to inhibit growth M
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Chapter 3

CURRENT TESTI NG METHOD

The current, sanctioned nethod of testing disinfectants for registration
purposes is the Association of Official Analytical Chemists' Use-Dilution
Method (UDM. Problems associated with the current disinfection assay have
led to the devel opment of the Quantitative Carrier Test. The specific
probl ens associated with the ACAC UDM are described bel ow.

The ACAC s Use-Dilution Method is the sanctioned nethod in the
United States for registering disinfectants with bactericidal activity.
Manuf act urers use the ACAC UDMto conpile data for product registration
with the Environmental Protection Agency. In the past, the EPA also used
the UDMto verify the manufacturer's clains. This practice has been
discontinued due to budget constraints.” Thus, new disinfectants are being
permanent |y registered as efficacious on the basis of a test performed by the
manuf act urer which has been docunented as having poor reproducibility. M
Al'though the deficiencies of the UDM have been explored, no official
attenpts have been made to replace the assay with a nore effective nethod.
Attenpts to inprove the assay have not demonstrated the desired results.' M

The ACAC UDM has a lengthy and conplicated procedure. (See
Appendi x) It was devel oped in the 1950's and is a qualitative carrier test that
uses phenol as a reference standard to measure the intrinsic resistance of the
test organisns.

The major deficiency of the UDMis its' poor reproducibility. Studies
have focused on the penicylinders, which act as carriers in the assay, and |ack
of good | aboratory practice as potential sources of variability.™ xhe assay is
conplex and requires attention to detail. Those |aboratories using the UDM
shoul d performthe assay with some frequency in order to maintain alevel of
conpet ency.

In an assay as long as the UDMthere are many steps in which
anbiquities can arise.  The UDM Task Force sought to inprove the test
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reproduci bility by reconmending 32 changes to the approved nethod.

These changes were inplenented in a col | aborative study involving twelve
| aboratories. The study found that the interlaboratory variability was stil
high. This led the authors to concur with previous studies which had cited
the penicylinders as a main source of variability M

The ACAC net hod specifies the use of stainless steel penicylinders
fromS & L Metal Products Corporation. One study found under scanning
electron mcroscopy that the penicylinders exhibited deep grooves and pitting.
These defects are capabl e of protecting the bacteria fromdisinfectant contact.
@ ass penicylinders were examned and were found to be quite smooth;
however there are difficulties in obtaining good bacterial adherence on such a
surface. Porcelain penicylinders were also examned, as the EPA requires
their use when the disinfectant is said to be effective on porous surfaces. The
porcelain carriers had very rough surfaces and were not recommended for
use in the UDM 3*,35

A later study conpared the S & L Metal Products penicylinder and that
of Fisher Scientific. S &L Mtal Products had halted production of the
peni cylinder for some time, forcing |aboratories to use the Fisher brand.
Wen exam ned mcroscopically, the Fisher brand had many of the sane
defects as the suggested brand. However, when both types were tested against
a quaternary ammoni um conpound and a phenolic conpound, the Fisher
brand repeatedly had nore failing tubes than the S & L Metal Products
peni cylinders. This is a source of inter- and intralaboratory variability,

Anot her mmaj or source of variability in the ACAC UDMis the unequa
chal I enge to the disinfectant caused by differences in bacterial attachment to
the cylinders. Cole et al found significant differences in the mean nunbers of
bacteria attached to the cylinders: Pseudononas aeruginosa had 1 x 10"
organi sms/ cyl i nder. Staphylococcus aureus had 5 x 10" organi sms/cyl i nder
and Sal nonel | a chol eraesuis had 1 x 10" organi sns/cylinder. A possible
source of variability was thought to be the ACAC s use of unadjusted 48-54
hour broth suspensions. This study had a procedure modification which
involved the use of MFarland turbidity standards to macroscopically adj ust
the number of bacterial cells present. MFarland standards are solutions of
sulfuric acid and bariumchloride, the densities of which approximte specific
bacterial loads. A 1.0 MFarland approximtes a hacterial density of 3.0 x 10"
organisns/nt, while a 0.5 MFarland approximtes 1.5 x 10" organisns/n.
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The study used Sal monel|a chol eraesuis unadjusted, while the S. aureus
broth was adj usted with phosphate buffered dilution water to a 1.0 MFarland
and the P. aeruginosa broth was adjusted to match the turbidity of a 0.5
MFarland. The interlaboratory study using this nodification still exhibited
high levels of variability. However, it was thought that the variability was

increased, in part, by the slight differences in overall nethodology used by
i ndividual |aboratories. ™'

Cole and Rutal a conducted a second study, this tine using 24 hour
adj usted broth cultures instead of 48-54 hour cultures. The 18-24 hour
cultures represent the peak of the cell growh curve. The Sal nonella
chol eraesui s broth was not diluted and was found to have a mean attachnent
of 3.1 X 10" cells/penicylinder. This represented 0.38%of the origina
i nocul um becoming attached to the cylinders. The Pseudononas aeruginosa
broth was adjusted to a 0.5 MFarland and had 3%attachment with a mean
value of 3.0 x 10'" cells/penicylinder. The Staphylococcus aureus broth was
adjusted to a 1.0 MFarland and the nunber of organisns attaching was quite
simlar tothat of S choleraesuis. The attachment of F, aeruginosa, however,
was statistically different fromthe other two organisns and further
adj ustnents woul d be necessary to achi eve conparable bacterial loads.+'"

The Pseudononas aeruginosa broth can present special problens when
inocul ating penicylinders. Pseudononads can forma pellicle at the top of the
suspension and, if it is not properly removed, the result can be large
fragments of organisms left in the tube. These pellets can be large enough to
protect other organisms fromdisinfectant contact if they becone attached to
the penicylinder. It is inportant that the cell pellicle be removed by pipette
suctioning followed by decanting in order to conpletely remove the pellicle '
This method, along with the use of the MFarland standard adjustnment, still
has not brought the penicylinder load of Pseudononas aeruginosa in line
with that of the other two organisms.

A second portion of the ACAC UDMresults in additional differences
in the number of cells attached to the penicylinders. Wen a carrier, such as a
penicylinder, is imersed in a solution, organisms may he washed fromthe
surface of the carrier. Wth this washoff, organisms wll not be transferred
into the recovery mediumfor possible detection. One study inmmersed
bacteria-laden cylinders into a tube of saline for ten mnutes. A the
conclusion of the exposure, 40%of the carriers had 10%or |ess of the origina
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load still attached. No cylinder had over 50%of the original inoculum
attached. Drying the cylinders for an extended tine period had no inpact on
the strength of bacterial attachment to the cylinders. ™

An additional study also attenpted to quantitate the numbers of
bacteria washed fromthe penicylinders during imersion. The cylinders
were imersed in phosphate buffered dilution water for ten mnutes.

Agproxinately 89. 9% of the S. choleraesuis, 48.8%of the P. aeruginosa and
38.8%of the S aureus vas washed off the cylinders. As the authors noted, the

figures woul d have been much higher if the imersion had beenin a
disinfectant containing surfactants.'*"

The problemof initial bacterial attachnent and bacterial washoff is
significant and has not been addressed by the ACGAC. Differences in nunbers
of bacterial cells on the cylinders results in unequal challenges to the
disinfectant and killing time is directly related to the bacterial |oad."o Wth
such significant differences in bacterial loads, it is not surprising that the
ACAC UDM has a reproduci bility problem

While most problems with the ACAC UDM are attributed to
procedures and equiprent, some argue that it is the statistics of the assay that
are at fault. Valter and Trout state that there are two important points that
are overlooked when examning ACAC data: 1) a distribution of responses is
al ways obtained when replicate testing i's performed on the sane sample and
2) if an acceptable response is prescribed, then there should also be an
acceptabl e frequency of obtaining this response. The authors feel that the
problemwith the test is the lack of understanding concerning the expected
variability.'*

Tﬁg ACAC nethod states that 59 of 60 cylinders must pass to nmaintain
the 95%confidence limts. ™ Walter and Trout state that this is a vague
statenent and can actually lead to two interpretations of the statistics of the
test. First, one failure in sixty cylinders could be seen as a grobability of failure
of 0.0167 (1/60), and this could be used as the upper boundary of the 95%
confidence [imt, If this interpretation s used, then the average probability of
failure Is mich [ower at 0.006. Wth the required three replicate tests, the

average probabi lity would fall to approximatel %,0: 003. The second proposed
nterpretation is that 0.0167 is the average probability of failure and'if small
nunbers of cylinders are tested then the confidence [imts of the assay woul d
be quite large. Thus, the authors arque that the variability of the ACAC LDM
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IS not totally due to poor test design but is inpart due to a poor interpretation
of the statistics of the assay.

The study of the statistics of the AGAC UDMattenpts to identify a
standardi zed nethod of calculating a disinfectant concentration whose failure
probability wll be less than 0.0167 95%of the tine. To do this, various
disinfectant concentrations are tested and the results are plotted as probit
versus |og dose. Fromthis data, the line of best fit is drawn and the 95%
confidence boundaries are calculated. A dose on the upper 95% boundary
woul d result in an expected result 95%of the time. This approach is thought
to provide nore accurate registration data while still retaining the origina
AOAC et hod. 4i

Anot her problemwith the ACAC UDMis the use of phenol as the
internal standard to assure that the test organisms are maintaining their
resistance patterns. However, there i's no procedure to insure that the person
performng the test is correctly following the protocol since the UDM uses the
phenol coefficient method instead of the actual UDM This test differs widely
fromthe UDMand it would be more valid to actually test phenol with the
method. I a continuous response to phenol is assumed, then the results of
the phenol UDM coul d be plotted on a Levy Jennings plot, which plots daily
performance by mean and standard deviation. Mean and standard deviations
are reviewed monthly to check for any shifts or trends, which would indicate
that some portion of the assay was in error.

The ACAC UDMis a long and conplicated assay that presents many
opportunities for error during perfornance. The test nust be performed by
experienced technol ogists for acceptable degrees of reproducibility. The use of
a qualitative carrier test, although sanctioned, does not guarantee that
ineffective disinfectant concentrations will not be deened as acceptabl e.
Vhen i neffective disinfectant concentrations are used in a hospital setting
the result can be increased norbidity and nortality. The seriousness of this
probl em suggests that new disinfectant assays be examned in order to
| mprove the registration process. Aquantitative carrier test, for examle, wil
present nore accurate information on the killing ability of disinfectants.


NEATPAGEINFO:id=8D5843F6-4166-4174-B9F0-50DBF75598CC


12

Chapter 4

EXPERI MENTAL METHOD AND DESI GN

Experimental Procedure

The Materials of the QCT are located in the Appendix for conparison
with those of the sanctioned ACAC Use-Dilution Method.

Pseudomonas aeruginosa. Sal monel |a chol eraesui's and Staphyl ococcus
aureus vere tested a numer of times wth four registered disinfectants. Two
phenolics, Tergisyl and Vesphene Use, and two quaternary ammonium
conpounds. Buckeye and Tor, were tested for this studx. Each di sinfectant
was diluted over a range of dilutions, including the recomended use-
dilution. Exposure times for the study were one mnute.

The 48-54 hour ol d organi smsuspension was pipetted into a sl
sterile flask containing a magnetic stir bar. The sol ution was mxed for

approximately ten mnutes to disperse any large clunps wich would adnere
to the penicylinders.

The penicylinders were drained of asparagine and removed from
storage wth a flamed wire hook to a sterile petri dish lined wth filter paper

The penicylinders were placed upright and allowed to drain for
approximetely ten mnutes.

The mxed organi smsuspensi on was pipetted into a 25 x 150 mm
sterile test tube with a volume equal to the number of penicylinders to be
tested. Using a flamed hook, the penicylinders were added to the suspension
and al | owed to sit undisturbed for 15 mnutes. Using a flamed, cooled hook,
the penicylinders were then removed fromthe suspension and Flaced
upright on Whatman's No. 2 filter paper in a sterile petri dish. Penicylinders
did not touch other penicylinders or the sides of the petri dish. The covered
petri dish was placed ina 35°Cincubator for at [east 20 mnutes but not nore

than 60 m nutes.
After the disinfectant tubes had reached [O'Cin a circulating vaterbath,
a peni cylinder was placed into the dilution tube using a flamed, cooled hook
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The tube was gently swirled and the penicylinder was allowed to remain in
the disinfectant for one mnute. The tenperature of the waterbath was
constant|y nonitored using a Fisher LED thermoneter placed in a test tube
containing ten mililiters of sterile water. The penicylinder was transferred
toa20n tube of Letheen broth at the conclusion of the exposure period,
with care being taken to drain off excess disinfectant. After all of the

peni cylinders had been placed in Letheen broth they were then individual Iy
transferred to a 10 m tube of Tween 80 Saline.

Two randony chosen penicylinders, not previously exposed to a
disinfectant, were placed into individual Tween 80 Saline tubes and treated
exact!y as other penicylinders in order to quantitate the initial bacterial |oad
present.

The Tween 80 Saline tubes containing the penicylinders were placed in
the ultrasonic waterbath for ten mnutes. They were then vortexed at setting
nunber five for a period of two mnutes.

For the quantitation penicylinders, 1 nt of the Tween 80 Saline was

removed fromthe vortexed tube and pl aced ina 99 bottle of Tween 80
Saline and mxed. This resulted inalx 10" dilution. One mlliliter of this

dilution was transferred to 99 ms of Tween 80 Saline to nmake a 1 x 10"

difution. Both dilutions vere filtered using a hydrophobic grid membrane

and counted to determne the initial bacterial nunbers on the penicylinders.
The filter apparatus was assenbled and for each penicylinder the

correspondi ng Letheen broth and Tween 80 Saline tubes were filtered.

Peni cylinders were removed prior to filtering. The hydrophobic %rid
menbrane was then rinsed with an additional 20 M of Letheen brot

neutralize any disinfectant carryover. Upon completion of the filtering each

grid was aseptically removed and placed grid side up on a Letheen agar plate.
Plates were incubated at SS*C for 48 hours.

Pour plates of the original inoculating broth were prepared by serially

difuting the broth to [0, 10-* 10" and 10""* in Trypticase Soy Broth to achieve
countabl e nunbers. One mlliliter of each dilution vas placed in 19

mililiters of warmTrypticase Soy Agar and poured into a sterile petri dish.

Fol I ow ng 48 hours of Incubation, the plates containing between 30 and 300
col onies were counted. Fromthese counts, it was possible to check for purity

and i desired, determne the percentage of organisms attaching to the
peni cyl i nders.
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Each nembrane grid contained 1600 squares (40 rows x 40 rows). If [ess
than 400 col onies were present, all colonies were counted. If over 400
col oni es were present, five randomrows were counted, averaged and
multiplied by 40 to obtain a count.

Fol | owi ng conclusion of the assay the filter assenblies were placed in
an appropriate disinfectant solution for at least 10 mnutes and then rinsed

W th copious anounts of water. Filters were then steamsterilized at 121°C for
20 mnutes prior to re-use.

For calculations the bacterial counts of the two quantitation
peni cylinders were averaged to determne the count per penicylinder. To
determne the log reduction of each replicate the logarithmof the grid count
was subtracted fromthe logarithmof the averaged count per penicylinder.
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Chapter 5

EXPERI MENTAL RESULTS

(ne naethod of assessing the killing anility of a disinfectant |nvolved
(0 artnp helopteductton of each replicate of a particular dilutionwith
eac repteateo the adpaeent hi gher (ilytion. There are three possihl e
Ut COMeS When herepltca 6 arecorrpared 0 thelog eductton 0f e | ower
dtluttontshph than the | og reduction of the next™higher dilution, 2) the
Ip eduction of the higher dilUtion s greater than that of the adt nt ORY
ditution, or 3) the Tog reductions of thie two dilutons are equal or It i ot
p0ssible to determne Which. reduction 15 greater (>.6 logs s >7.0 Iogs tor
examle). The first outcone s a correct result, the second'ls ntneorrec
Unexpect ed, outcome and the thir doutconetsantndetet mnate result. Tts
et hod exani nes t he dtStntectant performance over all dilutions tested
rather than only examning the use-dilution. Thus, some |evel of failure is to
be expected Restl {5 for each diinfectant class are Ijsted in Tables 13 and 14,
Tergisyl, a phenolic vs tested with each of the three bacter |a| Strains,
The results of Tergisyl wth Pseudononas aerugt n0Sa are tound 0 Table 1,
O [utions of 1:100," 1200, L:400 and 1800 were tested, wth 1100 being the
recomended use-ilution. The range of Iog reductions for the T 100
dilution was 5.4 to >7.6 logs. For the hghest ilution the log reductions
decreased to an average of 4.3, R pure L 0D p S e decreasing | g reducti ons
W th increasing dISI nteetant di 0t ons. (For  graphing purposes al | greater
thap mgns ere roppe thep eopputtng averapelogreducmnsg U5|n% the
method described previously for comaring ail TepliCates, the correct result
W8 0bt ai ned 56ttot the'tine, Thir teen per cent of the responses uere
[ ncorrect and fp%ot theresBonsesweetngetermna
Sal mone| T2 chol eraesli's was tested against the previ ous Teqbsyl
dilut] ons, with the addition of a 11600 dilution. The results are in Tanle 2

ke 't%r%dn”g"e“ot”ss U el
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1:1600, had a ran?e of 2.5t0 2.9 logs. Forty-five percent of all responses vere
correct and 7%of the responses were incorrect. Forty-eight percent of the
responses were indetermnate.

Staphyl ococcus aureus demonstrated a dose-response to Tergisyl.
(Table 3, Figure 3). At the use-dilution of 1100 the log reduction was >7.7
[0gs. The og reductions declined steadily until the 1:400 dilution. The log
reduction ranged from4.5 to 5.0 through the 1:1600 dilution. Fifty-three
percent of all" Staphylococcus responses were correct, 22%were incorrect and
25%of the responses were indetermnate.

The second phenol i ¢, Vesphene Use, was tested against Pseudononas
aeruginosa at dilutions of 1:128, 1:256 and 1:512. (Table 4). There is a dose-
response over the three dilutions. (Figure 4). The use-dilution, 1128, had a
range of |og reductions of 5.2 to >7.6 logs. A the highest dilution the range
decreased to 2.0 to 4.3 logs. Examning all dilutions, 79%of the responses
were correct and four percent were incorrect. Seventeen percent of al
replicates were indetermnate.

Against Salnonel [a chol eraesuis six doubling Vesphene Use dilutions
Were tested, ending at 1:2048. A dose-response curve vas obtained. (Figure 5).
Log reductions ranged from2.4 to >5.7 [ogs. (Table 5). Fifty-three percent of
all replicates gave the correct, or expected result. Seven percent were incorrect
and the remaining 37%were indeterm nate.

Staphyl ococcus aureus was tested against the same six dilutions of
Vesphene Use and denonstrated the best response of the three organisms. A
greater than 1.1 log reduction was obtained at the use-dilution. The | owest
reduction obtained was 4.6 logs. (Table 6). The dose-response curve can be
seen in Figure 6. Sixty-four percent of the responses were correct and 21%
were incorrect.

A second class of disinfectants, quaternary ammonium conpounds,
Was also tested against the three organisms. The first disinfectant of the class
was Buckeye, which had a use-dilution of 1:256. Against Pseudononas
aerugi nosa, doubling dilutions ranged from1:128 to 1:2048. (Table 7). Wth
one mnute exPosures a dose-response curve vas not obtai ned. $F|gure'9.
The averages of the log reductions for the dilutions had a range of 5.1t0 5.7
ogs. Conparing the replicates of adjacent dilutions, 46%were correct. Forty-

0

el ght percent of the responses vere incorrect. The remaining Six percent of
the responses were indeterm nate.
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Wen Buckeye was chal | enged with Sal monella chol eraesuis the |og
reductions ranged fromd4.5 to >6.9 logs over dilutions spanning from1:128 to
1:2048. (Table 8). A dose-response was not achieved. (Figure 8). The Iowest
difution, 1:128 and the highest dilution, 1:2048, had identical average |og
reductions of 6.4, Fifteen percent of the responses were incorrect, 20%were
correct and 65% of the responses were indetermnate.

Staphyl ococcus aureus was tested against Buckeye over the same five
dilutions. Over five dilutions the range of log reductions was 4.8 to >7.8.
(Table 9). Aslight dose-response was observed. (Figure 9). For this organism
an additional dilution of 1:16384 was tested. At this dilutions, 128 times nore
dilute than the use-dilution, the average Iog reduction was 4.2. The correct
response was obtained in 65%of the runs and the incorrect response was
obtained with 27%of the replicates.

Tor, the second quaternary ammonium disinfectant had a use-dilution
of 1:64. Wth Pseudomonas aeruginosa the doubling dilutions ranged from
1:32 to 1:512. Aslight dose-response was observed. (Figure 10). The range of
log reductions was 4.4 to 8.2 logs. The 1:32 dilution, twice the strength of the
use-dilution, had an average reduction of 6.4 logs. The use-dilution, 1:64, had
an average reduction of 5.6 logs. Fifty-four percent of the responses were
correct and 36%of the replicates gave incorrect responses.

The same dilutions of Tor were tested with Sal nonella chol eraesuis.
A dose-response was achieved if the response of the 1:128 dilution is
considered to be an outlier. (Figure 11). The overall log reduction range was
3.7t0>6.9 1ogs. Over all dilutions the correct response was obtained 40% of
the time and the incorrect response was obtained for 32%of the replicates.
Twenty eight percent of the replicates were indetermnate

Agai nst St aphyl ococcus aureus. Tor achieved the highest |og
reductions. (Table 12). The range of reductions was 5.2 to >7.8 [ogs. A good
dose-response was not obtained. (Figure 12). The average log reduction for
the use-dilution was 6.8 logs. Over all dilution replicates 45%were correct
and 40%were indetermnate. Fifteen percent of the responses were

i ndet er m nat e.
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Table 1. Pseudononas vs Tergi syl

Date Disinfectant D lution Ogs [ Peni cylinder Log Reduction
7-9 Ter gi syl 1: 100 1.76 X105 >5.2,>5.2,>5.2
7-23 Ter gl syl 1:100 3.12x107 >7.5,>7.5
7-31 Ter gi syl 1: 100 3.57x107 >7.6".4,5.4
7-9 Tergl Syl 1: 200 1. 76x105 >5, 2, >5.23. 4
7-31 Tergi syl 1: 200 3.57x107 5.3,>7.6,>7.6
7-9 Ter gi syl 1: 400 1. 76x105 2.0,2.1,2.3
7-23 Terg| Syl 1: 400 3.12x107 4, 7,4 3,43
7-31 Terg| Syl 1: 400 3. 57x107 4, 3,44,43
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Tabl e 2. Salnonella vs. Tergisyl

Dat e Disinfectant Di | ution Orgs / Peni cylinder Log Reduction
8-7 Ter g| Syl 1:100 2.15 X105 >5,3,>5.3,>5.3
9-11 Ter g| sy| 1:100 4.7 X 104 >4.7,>4.73.5
8. 7 Tergi syl 1: 200 2.15 X105 >5.3,>5.3, >5. 3
9-11 Ter g| sy| 1: 200 4. 7x104 >4.7,>4.7,>4. 7
8-7 Ter g| sy| 1: 400 2.15x105 >5.3,>5.3,>5.3
9-11 Ter g| Sy| 1: 400 4. 7x104 4.4,>4.7,>4. 7
8- 14 Ter gi syl 1: 400 1. 0x105 3.8,4.4,4-7
9-10 Ter gi syl 1: 400 5.48 x 105 5.4,5.4,5.7
8- 14 Ter g| Syl 1: 800 1. 07x105 2.6,2.8
9-10 Tergi syl 1: 800 5.48 X 105 2.5,2.5
8-14 Ter gi syl 1: 1600 1.07x105 2.6,2.9

9-10 Ter gi syl 1: 1600 5.48 X 105 2.5,2.5,2.5
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Table 3: S aureus vs Tergisyl

Date Disinfectant Di | ution Orgs / Penicy Under Log Reduction
9-12 Ter gi sy 1: 100 4.88x107 >T.7,>7.7,>7.7
9-12 Ter gi syl 1: 200 4.88 X107 TA TA >7.7
9-13 Ter gi syl 1: 400 6. 12x107 4.6,4.6,4.6
9- 16 Ter gi syl 1: 400 7.8 X107 4,7,4.7,4.7
9-13 Tergi syl 1: 800 6. 12x107 A eA-"A's
9-16 Ter gi syl 1: 800 7.8 x 107 4. 7TA, TA7
9-13 Ter gi syl 1: 1600 6. 12x107 4.6,4.6,4.6
9-16 1: 1600 7.8 x 107 4.7,4.7,4.7

Ter gi syl
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Tabl e 4. Pseudomonas vs Vesphene Use

Date  Disinfectant Dilution Orgs/Penicylinder Log Reducti on

7-31 Vesphene 1:128 3.57 X 107 >7.6,>7.6,>7.6
7-9 \Ves phene 1: 256 1. 76x105 2.0,4.5,>5.2
7-31 Vesphene 1: 256 3.57x107 4.3,4.4,4.7
7-9 Vesphene 1:512 1. 76x105 2.0,2.0

7-31 Vesphene 1:512 3. 57x107 4.3,4.3,4.3


NEATPAGEINFO:id=FFED4AF3-031B-460C-A19D-36D7ED39676F


wo 00

0o 8

Ay

Figure 4:

1:128

25

Pseudononas vs Vesphene Use

1: 256 1: 512

Di | uti ons


NEATPAGEINFO:id=08A034E5-E1C4-42CF-A290-1292EC1BA711


Dat e

8-7
9-11

8-7
9-11

8-7

8-14
9-10
9-11

8-14
9-10

8-14
9-10

Table 5: Salnonel la vs Vesphene Use

Disinfectant Dilution Ogs/Penicy Under

Vesphene
Vesphene

Vesphene
Vesphene

Vesphene
Vesphene
Vesphene
Vesphene

Vesphene
Vesphene

Vesphene
Vesphene

1:128
1:128

1: 256
: 256

[y

1:512
1:512
1:512
1:512

1:1024
1:1024

1: 2048
1: 2048

2.15 X105
4.7 X104

2.15 X105
4.7 X104

2.15 X105
1.07x105
5. 48 X105
4. 7x104

1.07x105
5. 48 X105

1. 07x105
5.48 x 105

26

Log Reducti on

>5.3,>5. 3", 3
>4.7,>4.7

>5.3,>5. 3, >5. 3
>4.7,>4.7

>5.34.3,5.0
>5.0.>5.0".0
>5.73.4,>5.7

>4.7,4.7,3.2

3.0,2.8,2.7
3.5,3.6

2.7,3.1,2. 4
3.0,3.0
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Table 6. S. aureus vs Vesphene Use

Date Disinfectant Di lution Qrgs / Penicylinder Log Reducti or
9-9 Vesphene 1:128 5.44 X107 7. 7, >7. 77 1.7
9-9 Vesphene 1: 512 5.44 X 107 4. 5,4 5,45
9-12 \Ves phene 1:512 @ 4. 88x107 4.5,4.5
0-16 Vesphene 1:512 7,8 X 107 4.7,4.7,4.7
9-16 Vesphene 1:1024 7.8 X 107 4.7,4.7,4.7

9-16  Vesphene 1: 2048 7.8 X 107 4.7,4.7
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Tabl e 7. Fseudormonas vs Buckeye

Date D sinfectant Oi lution Orgs/ Penicylinder Log Reduction
10-2 Buckeye 1:128 1.45x108 5.0,5.0
10-4 Buckeye 1:128 7.12 x| O7 5. 8, 4.8
9-18 Buckeye 1: 256 4.26 x| Or 4.5 4.4,4.4
9-17 Buckeye 1: 256 1.33x108 4.9,6.2,7.3
10-2 Buckeye 1: 256 1.45x108 >8.2,5.0
10-4 Buckeye 1: 256 7.12 xl O7 5.7,4.7
9-18 Buckeye 1: 512 4.26 xl O 6.3,4.4,6.6
9-17 Buckeye 1:512 1.33x108 5.0,5.7
10-2 Buckeye 1:512 1.45x108 5.0
10-4 Buckeye 1:512 7.12 xI Or 6.6
9-18 Buckeye 1:1024 4.26 x| Or 4.8,4.9
9-17 Buckeye 1:1024 1. 33x108 4,9,4.9,5.2
10-2 Buckeye 1: 1024 1. 45x108 5.0,5.2
10-4 Buckeye 1: 1024 7.12 x1 Or7 6.3,4.6
10-2 Buckeye 1: 2048 1.45x108 5.0

10-4 Buckeye 1: 2048 7.12 x|l O7 5.6
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Table 8: Sal nonel la vs Buckeye

Date  Disinfectant Di [ution Orgs/Penicylinder Log Reduction
10-8 Buckeye 1:128 9.96 X 105 >6.0,>6.0
10-9 Buckeye 1:128 7.3 X 106 >6.9,>6.9
10-8 Buckeye 1: 256 9.96 X105 >6. 0, >6. 0
10-9 Buckeye 1: 256 7. 3x106 >6.9,4.5
10-8 Buckeye 1:512 9.96 X105 >6.0

10-9 Buckeye 1:512 7.3 X 106 >6. 9

10-8 Buckeye 1:1024 9.96 X105 >6. 0, >6. 0
10-9 Buckeye 1:1024 7.3 X 106 6.3,5.9

10- 8 Buckeye 1: 2048 9. 96x105 >6. 0

10-9 Buckeye 1: 2048 7.3 X106 >6. 9
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Dat e

9- 27
10-1

9-27
10-1

9-27
10-1

9-27
10-1

9-27
10-1

Di si nf ect ant

Buckeye
Buckeye

Buckeye
Buckeye

Buckeye
Buckeye

Buckeye
Buckeye

Buckeye
Buckeye

Table 9: S. aureus vs Buckeye

Di lution Orgs/Penicylinder

1:128
1:128

1: 256
1: 256

1:512
1:512

1:1024
1:1024

1:2048
1: 2048

7.24 X 107
3.35 X 107

7.24x107
3.35 X 107

7.24 X 107
3.35 X 107

7.24 X 107
3.35 X 107

7.24 X 107
3.35 X107
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Log Reduction

6.2,>7.8
>7.5,6.6

6.4,>7.8
>7.5,6.4

5.0
75

5.0,7.2
>7.5,>7.5

5.9
4.8
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Tabl e 10: Pseudomonas vs Tor

Dat e Disinfectant Di lution Orgs / Penicy Under Log Reduction
10-2 Tor 1: 32 1. 45x108 8.2". 0
10-4 Tor 1:32 7.12 X107 7.8,4.6
9-18 Tor 1: 64 4,26 X 107 4.7,5.3,7.3
9-17 Tor 1: 64 1.33x108 4.9,5.1,5.0
10-2 Tor 1: 64 1. 45x108 5.0,5.0
10-5 Tor 1: 64 7.12x107 >7.8
9-18 Tor 1:128 4.26 X107 4.4,4.4,4.6
9-17 Tor 1:128 1.33x108 4.9,5,8
10-2 Tor 1:128 1.45x108 5.0
10-4 Tor 1:128 7.12 x| 07 7.2
9-18 Tor 1: 256 4.26 X 107 4.4 4.4
9-17 Tor 1: 256 1.33x108 4.9,4.9,4.9
10-2 Tor 1: 256 1.45x108 5.1,5.0
10- 4 Tor 1: 256 7.12 X 107 4.6,4.6
10-2 Tor 1:512 1.45x108 5.0
10-4 Tor 1:512 7.12 X107 4.8
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Tabl e 11: Sal nonella vs Tor

Dat e Di sinfectant Dilution O i/Peni cylinder

10-8 Tor 1:32 9.96 X105
10-9 Tor 1:32 7.3 X106
10-8 Tor 1: 64 9.96 X 105
10-9 Tor 1:64 7.3 X 106
10-8 Tor 1:128 9.96 X 105
10-9 Tor 1:128 7.3 X 106
10-8 Tor 1: 256 9.96 X 105
10-9 Tor 1: 256 7.3 X 106
10-8 Tor 1: 512 9.96 X105

10-9 Tor 1:512 7.3 X 106

38

Log Reducti

>6.0,6.0
>6.93. 3
5.5,>6.0
4.5,>6.9

>6.0
6.9

>6.0,>6.0
4.0,5.1

3.7
6.1
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Table 12: S. aureus vs Tor

Date Disinfectant Dilution Orgs/Penicylinder

9-27 Tor 1: 32 7.24 X 107
10-1 Tor 1: 32 3.35 X 107
9-27 Tor 1: 64 7.24 X 107
10-1 Tor 1: 64 3.35 X 107
9-27 Tor 1:128 7.24 X 107
10-1 Tor 1:128 3.35 X 107
9-27 Tor 1: 256 7.24 X 107
10-1 Tor 1: 256 3.35 X 107
9-27 Tor 1: 512 7.24x107

10-1 Tor 1: 512 3.35 X 107

40

Log Reduct i on

>7.8,6.0
>7.5,>7.5

6.2,6.2
>7.5,>7.5

6.4
6.0

7.6,7.4
5.8,7.5

7.8
5.2
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TABLE 13: DOSE RESPONSE OF PHENCLI CS

CavVBIl NATI ON DI LUTI ONS
1:200 V 1:400 (n=72)
1: 400 V 1:800 (n=18)

Overall % Tot al =154

Sal moncUa/ Ter gi syl 1:100 v 1:200 (n=36)
1:200 V 1:400 (n=72)
1:400 V 1:800 (n=48)
1:800 V 1:1600 (n=20)

Overal | % Total = 176

St aph/ Ter gi syl 1:100 V 1:200 (n=36)
1:200 V 1:400 (n=72)
1:400 V 1:800 (n=72)
1:800 V 1: 1600 (n=36)

Overall % Tot al =216

Pseudo/ Vesphene 1:128 V 1: 256 {n=36)
1:256 V 1:512 (n=30)

Overall % Total = 66

Sal monel | a/ Vesphene 1:128 v 1:256 (n=25)
1:256 V 1:512 (n=60)
1:512 V 1: 1024 (n=60)
1:1024 V 1: 2048 (n=25)

Overall % Total = 170

St aph/ Vesphene 1:128 V 1:256 (n=36)
1:256 V 1:512 (n=66)
1:512 V 1: 1024 (n=55)
1:1024 V 1:2048 (n=25)

Overall % Total = 182

8+ Lovkrer dilution with higher kill " Hgher dilution with higher Kill

CORRECT”
16 (25%
66 (929
4 (22.2%
86(56%

[0}
24 (33%
48 (100%
7 (35%
79 (45%

18 (50%
72 (100%
15 (21%
9 (25%
114 (53%

30 (83%
22 (73%
52 (79%

0
24 (40%
56 (93%
15 (60%
95 (56%

36 (100%
66(100%
6 (11%
9 (36%
117 (64%

i ncorrect™

8 (12.5%
6 (8%
6 (33.3%
20(13%

6 (17%
0
0
6(30%
12(7%

6 (17%
0

33 (46%

9 (25%

48 (229

3 (10%
3 (4%

0
0]

4 (7%

8 (329

12 (7%

0
0

34 (62%

4 (16%

38 (21%
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| NDETERM NATE
40 (62.5%
0
8(44. 4%
48(31%

30 (83%
48 (67%
0
7(35%
85(48%)

12 (33%
0

24 (33%

18 (50%

54 (25%

6 (17%
5 (179
11 (17%

25 (100%
36 (60%
0
2 (8%
63 (37%

0

0
15 (27%
12 (48%
27 (15%
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TABLE 14: DOSE RESPONSE OF QUATERNARY AMMONI UM COMPOUNDS

CaOVBI NATI ON

Pseudo/ Buckeye

Overall %

Sal nonel | a/ Buckeye

Overall %
St aph/ Buckeye
Overall %

Pseudo/ Tor

Overall %

Sal nonel | a/ Tor

Overall %

DI LUTI ON
1:128 V 1. 256 (n=40)
1:256 V 1:512 (n=70)
1:512 V 1: 1024 (n= 63)
1:1024 V 1:2048 (n=18)
Total = 191

1:128 V 1:256 (n=16)
1:256 V 1:512 (n=8)
1:512 V 1:1024 (n=8)
1:1024 V 1:2048 (n=8)
Tot al =40

1:128 V 1:256 (n=28)
1:256 V 1:512 (n=14)
1:512 V 1: 1024 (n=8)
1:1024 V 1: 2048 (n=20)
1:2048 V 1:16384 (n=| 5)
Total = 85

1:32 V 1: 64 (n=36)

1:64 V 1128 (n=63)
1:128 V 1: 256 (n=63)
1:256 V 1:512 (n=l 8)

Total = 180

| :32vl : 64{n=16)
1:64 V 1: 128 (n=8)
1:128 V 1: 256 (n=8)
1:256 V 1:512 {n=8)

Total = 40

CORRECT*

21 (52%
19 (27%
43 (68%)
4 (22%
87 (46%

4 (25%
0
4(50%
0

8 (20%

12 (43%
10 (71%
2 (25%
16 (80%
15 (100%
55 (65%

18 (50%
42 (67%
31 (49%
6 (33%
97 (54%

7 (44%
1 (129
4 (50%
4 (50%
16 (40%

i ncorrect"'’

17 (43%
46 (66%
16 (25%
13 (729
92 (48%

0
2 (25%
0
4 (50%
6 (15%

10 (36%
4 (29%
5 (63%
4 (20%
0
23 (27%

14 (39%
17 (27%
22 (35%
11 (61%
64 (36%

5 (319
4 (509
2 (25%
2 (25%
13 (32%

I NDETERM NATE
2 (5%
5 (79
4 (6%
1 (6%
12 (6%

12 (75%
6 (75%
4(50%
4 (50%
26 (65%

6 (21%
0

1 (12%
0

(¢}

7 (8%

4 (119
4 (6%
10 (16%
1(6%
19 (10%

4 (25%
3 (38%
2 (25%
2 (25%
11 (28%
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COVBI NATI ON o Lk BRON correcTIO(RRECT* | NCORRECT | NDETERM NATE
Staph! Tor 132 VIR (n=16) © (38% (38 4259 6(37%)
1:64 V 1:128 (n=8) 6 (75% 2 (2529 O
1:128 V 1: 256 (n=8) 2 (25% 6 (7529 O
1:256 V 1:512 (n=8) 4 (50% a4 (5029 o
Oceral | % Total @l= 40 18 (45% 18 (45%) 16 (40% 6 (1570)

* Lower dilutionwth higher kill " Hgher dilution with higher kill
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The dilution data have been conpared in order to demonstrate the
presence or absence of a dose-response. It is also necessary to examne only
the use-dilutions with an appropriate performance criterion to determne the
disinfectant failure rate. The performance criterion in the Quantitative
Carrier Test has been chosen as a reduction of >=99.999%of the original
bacterial count. Interns of log reduction this would be >=5 logarithns.
Whi le the endan has been defined, it is not feasible to select an acceptable
fai lure rate for al| disinfectant classes based only on the performnce of these
four disinfectants. Additional testing with more disinfectants would be
necessary to accurately determne pass/fail levels.

Using the chosen criterion, and examning the recomended use-

dilutions, the rank of the tested disinfectants, fromlowest to highest failure
rate is as follows: 1) Vesphene Use 2) Tergisyl 3) Tor and 4) Buckeye. (See
Table 15). When all adjacent disinfectant dilutions in this study were
examned for the percentage of incorrect, or unexpected results the failure
rates were increased over those of the >=5log criterion. This is to be
expected since the method examned the performance of all dilutions, not
Just the use-dilution, and was intended to be a method of detecting a dose-
response. The rank of the disinfectants, examning all dilutions, remined
the same with the exception of Buckeye having a better performance than
that of Tor. Wth both methods of analysis, the phenolic conpounds
performbetter than the quaternary amoni um conpounds.
The quaternary anmoni um conpounds, when tested against the gram
negative rods, did not performwell at the use-dilution and did not
denonst rate dramtic dose-responses at dilutions eight times higher than the
recommended use-dilution. The [og reductions remained relatively constant
throughout the dilutions. Against Staphylococcus aureus, the gram positive
cocci, the quaternary ammonium conpounds did quite V\ell Wth neither
conpound failing against this organism This is consist ent W|th Or evi ous
work whi ch denonstrated that quaternary ammoni um conpounds have
(reater activity against grampositive bacteria than gramnegative bacteria ™
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TABLE 15

FAI LURE RATES WTH 99.999% KI LL AT USE-DI LUTI ON, ONE M NUTE

EXPOSURE
DI SI NFECTANT PERCENTAGE OF FAI LURE
VESPFPHENE O2o
TERAG SYL 52o

I <= aA S 2e>o

BUCKEYE 282o


NEATPAGEINFO:id=75ED1867-C188-413B-AE56-B1C7F41059D1


47

The exposure period for this study was one mnute for both quaternary
and phenolic conpounds. This exposure was chosen in order to denonstrate
the ability of the QCT to detect a dose-response over a series of dilutions. In
real use situations, it is assumed that the exposure period would al so
approxi mate one mnute. The contact time with the disinfectant is an
inportant paranmeter in disinfectant testing. * The proposed actions of the
quat ernary conpounds are inactivation of energy-produci ng enzymes,
denaturation of cell proteins and cell menbrane disruption. It is conceivable
that the quaternary conpounds' performance against the two gramnegative
rods may have inproved if the exposure had been |engthened. Wen S
aureus was tested with Buckeye at the use-dilution of 1:128 and 1:512 for
periods of one and ten mnutes, the only surviving growh occurred in the
1:512 dilution, one mnute exposure replicates. The AOCAC Use-Dilution
Met hod was perfornmed on the sane day as a conparison. (See Table 16). At
1:128, one mnute, there were two failures out of ten replicates, while the
same dilution, held for ten mnutes, had no failures. The 1:512 dilution, ten
mnute exposure, had only one failure versus nine failures for the one
m nute exposure period. The |engthened exposure woul d have been nore
meani ngful if done with Pseudonohas aeruginosa since this organismis
typically more resistant to disinfection than S* aureus.

The active ingredients in the quaternary amoni um conpounds have been
exam ned previously by the phenol coefficient method. (See Appendix) For

n-al kyl (50% C14, 40% C12, 10% C16) dinethyl benzyl ammonium chloride
the killing dilution was reported to be 1:45 000 for S. aureus with a 10 mnute
exposure. For didecyl di nethyl amoni um chlorides, another active
ingredient in Buckeye, the highest killing dilution for S* aureus was reported
to be 1:63,000. For Tor, the active ingredient n-alkyl (60% Cl4, 30% CL6, 5%
Cl2, 5% C18) dinethyl benzyl ammonium chloride, the highest effective
difution was |isted as 1:44,000.'*-" However, it nust be enphasized that these
data are fromthe disinfectant manufacturers and have not been reliably
docunment ed by independent |aboratories.” Based on the 99.999% ki | |

criterion, the quaternary ammoni um conpounds exam ned in the QCT
performed in a manner simlar to those found in other independent research.

On this basis it is concluded that the poor performance of the quaternary
amoni um conpounds is intrinsic to the conpounds and the Quantitative
Carrier Test accurately portrays this aspect.
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TABLE 16

S. AUREUS VS BUCKEYE I N THE AOCAC UDM

DI SI NFECTANT DI LUTI ON

1:128

1:128

1:512

1:512

TI ME (M NUTES)

1

10

10

FAlI LURES/ REPLI CATES

2/ 10

0/ 10

9/10

1/10
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The performance of the phenolic compounds in the QCT was better
than that of the quaternary amonium conpounds, reflecting the improved
action of this class of disinfectants. Both phenolics, Tergisyl and Vesphene
Use, had excellent dose responses over doubllqg dilutions up to 16 tines
more dilute than the use-dilutions. If the endpoint for success was =
99, 999% reduction of the starting inoculum then Vesphene Use had no
failures, while Tergisyl had a S%failure rate. This was mich [ower than the
18 and 28%failure rates of Buckeye and Tor, resPect|ver. If the failures were
examned over all dilutions, using the correct, incorrect or indeternnate
criteria, then the failure rate rose to 11%for Vesphene Use and 16%for
Tergisyl. As with the quaternary .corr{)ounds, the gram positive organi srs,
Such as 3. aureus, are more sensitive to the action of the phenolic compounds
since they lack the additional outer cell membrane of the gran1ne?at|ve
rods. 5" Both phenolics in this assay had use-dilution [og reductions for S
aureus that were hl?her than those of the two gramnegative rods.

- The major difference between the two phenolics tested is that the
active ingredients in Vesphene Use are sodium phenates. These compounds,
while more easily solubilized, are |ess effective than other pheno
derivatives.50 This apparent|y did not have a bearing in the QCT, since
Vesphene Use had no failures in this study. One explanalion may be that the
concentration of sodium phenates in Vesphene Use is much higher than the
active ingredients in Ter%|sy|. Vesphene Use had 1405 ppm of phenolic
derivatives while Tergisyl had 750 ppmof phenolic derivatives at its" use
di lution.

This study has verified that the ultrasonic treatment and vortexing of
the penicylinders i capable of removing all organisms surviving disinfectant
| mersion, Scanning el ectron mcroscopy of penicylinders, inoculated with
S, aureus, revealed that no organisns remained on the surface after being
treated in an ultrasonic waterbath and vortexer.

‘The use of Letheen as a neutralizing broth is superior for inactivatinﬁ
any disinfectant carryover, preventing bacteriostatic effects. The brot

contains lecithin, wich isa neutralizer and Tueen 80, which acts as a
ecithin dispersing agent. The original studY of Letheen found that ten
mililiters of Letheen broth was capable of neutralizing one mililiter of a
11500 dilution of a quaternary amvonium compound. ™ The QCT al so

utilized ten mililiter quantities of Letheen broth, wth carryover being mich


NEATPAGEINFO:id=079EF69D-5B76-4AEE-BB72-C24DFB2C88B3


50

less than one mlliliter.  Therefore, disinfection beyond the one mnute
exposure tine period should not have heen a problemin this assay.

The filtrate of the Quantitative Carrier Test was sanpled throughout
one run of the assay and no organisns were recovered. This verified that
surviving organi sms, were not being lost and were being recovered on the
filter grid. Since survivors were recovered in the assay it was possible to
determne if one organismor 100,000 organi sns survived disinfectant
exposure. The ACAC UDM can only assess growth or no growth and woul d
not he able to detect this 5 log difference in numbers of surviving organisns.
Wi le conplete kill is desired, it nust be enphasized that working wth
bi ol ogic systems can be very difficult and some degree of error is inherent in

any system The advantage of the QCT over the ACAC UDMis that the
magni tude of error is more accurately assessed.
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Chapter 6

DI SCUSSI ON AND CONCLUSI ONS

The purpose of this study was to denonstrate that the Quantitative
Carrier Test could distin?uish between the performance of effective
disinfectants, such as phenolics and ineffective disinfectants, such as the
guaternary ammoni um conpounds. The QCT i's a new nethod for testing

|sinfectants that is based on the framework of the AGAC Use-Dilution
et hod, esPecially the use of stainless steel penicylinders which provide a

great chal engf to disinfectants. The QCT, however, is an improvenent over
he ACAC UDM because the actual hacterial counts are obtained rather than

observing tubes for mere presence or absence of growth. The log reduction, or
percent kill, can be accurately determned using the QCT method. These
results are reproducible and the de?ree of error present when working with a
bi o q%m systemcan be nore accurately assessed. The ability of a disinfectant
to kill organisms is dependent on factors such as the type of organisms
present, the tenﬁerature of the assay, the period of exposure to the
disinfectant and the starting bacterial imoculum"*' "' Nost factors can be
control led, wth the exception of the inocul um which can be held within
certain ran%es but cannot be preci sel'y controlled. This is taken into account b
using the Tog reductions as a standardizing nethod, while the ACAC U
has no means of assessing different starting inocul ums found in biologic
systens. o . .

~The QCT presents disinfectants with a challenge and the design of the
test insures that organisms that survive disinfectant exposure are recovered
The use of Letheen broth as a neutralizer %revents (i sinfect ant carrbover that
woul d al | ow disinfection to extend past the allotted time period. Utrasonic
treatnent and vortexing have been shown to remove survivors fromthe
Deni ¢yl inders and allowrecove,r% on the filter grid. Samling the filtrate has
al S0 Tlenonstrated that surviving organisme arenot lost during the filtration

process.
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This vas a limted study to assess the feasibility of a newtest method

The phenolics and quaternary amoni um conpounds gave per formances in
the é%T Whi ch paral [el their performances in EreV|ous dsinfectant tests, M-
However, several additional areas of the Quantitative Carrier Test
performance shoul d be explored in the future. As an additional test of
reproduci bi ity it would be important to have several different |aboratories
test a series disinfectants u3|n% the QCT, simlar to an earlier study by Rutala
and Col .3 Further research should include a wider array of disintectant
classes to verify that results are simlar and reproduci ble across different
chemcal fornulations. The test has been shown capable of detecting dose-
responses at one mnute and an additional test would be further testing with
| onger exposure periods. Longer exposures, inline with the manufacturers
use recomendations woul d be more applicable for certifying disinfectants as
effective or ineffective. After nore extensive testing with different
disinfectants and time periods it would be possible to defing acceptable failure
rates using the 99.999%kill endpoint. These paraneters would be set for
certification purposes to prevent the registration of ineffective disinfectants
The Quantitative Carrier Test, onthe basis of this study, is a useful test
for investigating the action of disinfectants. The QCT is capable of
distlnguishinF between effective and ineffective disinfectant classes. The
retains the framework of the sanctioned AGAC Use-Dilution Method, but 1s
an 1 mprovenent over the ACAC UDM because actual bacterial counts are
obtai ned and log reductions can be accurately determned. This assay i a
viable replacement for the sanctioned test since the results are reproducible
and standardi zed, thus potential [y improving the disinfectant registration
process. Further test|ng With additional disinfectant classes and testing for

| nterlaboratory variability may reinforce these prelimnary conclusions
concerning the Quantitative Carrier Test.
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Appendi x 1

EARLY DI SI NFECTANT TESTS

Mny tests of disinfectant efficacy have been devel oped over the Years
but are no [onger in use due to deficiencies. However, a few of the earliest
tests are based on pr|n0|£Jes which are still valid, Cne of the earliest tests vas
(level oped prior to the discovery of the role of bacteria in food spoilage and
disease. [n 1750, S John Pringl'e developed a table of salt coefficients for the
preservation of nieat. Pringle put [ean meat into separate gl ass Lars Wth
different salts. The endpoint vas measured in a logical manner, by smell.
Pringle mde sea salt the standard and compared all other salts to It, assigning
a nunerical value to their efficiency-""-M (See Appendix) o
~In 1875 Buchol tz perforned assays to determne the m ninum
hibitory concentrations (MC) of phenol, creosote, benzoic acid and sa||0{lgc
acids. The MCrepresents the [owest [evel of a drug or disinfectant that Is
bacteriostatic. If a substance is bacteriostatic it prevents the bacteria from
miltiplying but does not necessarily kill the or?an|sn5 at that particular
concentTatron. Bucholtz tested these disinfectants against mxed bacteria
cultures which actually represented real-use situations, ™ |

Robert Koch, a pioneer inthe field of n1pr0b|olo%¥,,developed the Silk
Thread Test s 1881 This test similated practical conditions by using silk
threads I mregnated with Bacillus anthracis spores. The threads vere soaked
for vary|n% Cime periods in disinfectants including, phenol and mercuric
chloride. The threads were washed and then placed in nutrient media to
recover any survivors, This assay had two distinct problems : 1) the threads
Drovi ded protection for the spores and 2) the washing process di not remve
all of the disinfectant, resulting in carryover into thenutrient media. 20

[0 1889 Geppert realized that the mercuric chloride was not being
%onPhetely washed off the threads in the Koch test. The carryover Was 0 ¢

0

@ SUrviving spores produ0|n9 erroneous results. Geppert suggested the
use of ammoni ur sul phide to neutralize the mercuric chloride. ™ This vas
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the first use of a neutralizer ina disinfectant assay.
The Rideal - Ml ker Assay
The Rideal -Vl ker test was formulated in 1903 and revised in 1921. In

1934, the test was adopted by the British Standards Institution as a qualitative
suspension test of the relative activity of the phenolic derivatives of coal tar.
At the time this test was developed, there were three types of phenolics in
W de use. The black fluids were basically coal tar solubilized with SO&P an(
Were quite irritating if they cane in contact with the skin. The white fluids
Were emulsified tar fractions which often [eft precipitates on surfaces. The
clear sol uble phenolics were inexpensive disinfectants such as Iysol and
sudol . 21' 22

The Rideal -Vl ker test was relatively sinple in design. The original
assay used a 24 hour ol d broth suspension of Salnonella trphi and st andar d

dilutions of phenol, ranging from1:95 to 1:115. Dilutions of the disinfectant
were made with distilled water. Two hundred mcroliters of the bacterial

suspensi on were added to five mlliliters of the disinfectant dilutions.
Subcul tures were taken at 2.5, 5, 7.5, and 10 mnutes using a standard [oop to
inoculate five mililiters of recovery broth. Recovery broths were incubated
for 48 to 72 hours at 37'' C. The ehdpoint was no visible growth in the
subcul ture. 2" The phenol coefficient of the test was determned by dividing
the dilution showng growh at 2.5 and 5 mnutes but no growth at 7.5
mnutes by the dilution of the phenol standard. The larger the resulting
number, the more efficient the disinfectant in conparison to phenol.

The main advantages of the Rideal -\l ker test were its relative
sinplicity, lowcost, and speed of performance. In addition, the
reproduci bility of the assay was comparanle to other existing disinfectant tests
of the tim A"

Although sinple, the Rideal- Wl ker assay had many deficiencies that
decreased its overall useful ness. Wen the test was first devel oped.
Sal monel [a typhi was a significant public health hazard. Today, other
organi sme present mich more of a hazard in hospital settings. Also, the use
on-only one organi smcoul d have al [ owed disinfectant manufacturers to
formulate their product precisely to achieve high Rideal - Wl ker
coefficients. 23 This probl emwas avoided in the 1980 Association of Oficia
Anal ytical Chemsts (AOL\CL manual which required the use of Salnonella
typhosa (ATCC 6539), Staphyl ococcus aureus (ATCC 6538) and Pseudononas
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aeruginosa (ATCC 15442) for the test.24

The use of distilled water as a diluent was also a deficiency as
disinfectants in field situations were rarely diluted wth distilled water. The
disinfectants were not challenged by hard water conponents and so did not
accurately reflect their true performance. Additionally, there was no orgaiuc
mtter present to deplete the disinfectant as there was in field situations,
Finally, the recovery mediumwas not optimal for the survival of damaged

bacterial cells.23

The desired endpoint of the assay was complete killing of the test
organismin the broth recovery medium While this could have occurred, it
was also Ukely that the nunbers of surviving organisms in the disinfectant
broth were smal| and the chances of recovering the organisms on the transfer
| oop were extremely low. Therefore, the survivors could remin in the

disinfectant and never be transferred to the recovery broth where they could

be detected.”

Perhaps the greatest drawback of the Rideal -Vial ker test was not the
procedure itself but the msuse of the test. The test was designed as a routine
control check for phenolic conpounds and not for other disinfectant classes.
Errors arose when disinfectants other than phenolics were tested. Prickett, for
exanple, found that the bactericidal efficacy of the quaternary amonium
conpounds was overestimated because there was inconplete neutralization
of the compounds during the assay.25 Conparison of different disinfectant
classes was not valid since phenol 1s a smll, water soluble nolecule while
other preparations are [arger, more complex, and contain emlsifying agents.
Sykes suggested that a more realistic role for phenol is to verify that the test
Organi Sms are maintaining their intrinsic resistance to disinfectants.

The Rideal - il ker test, although possessing the attributes of
simlicity, rapidity and reproducibilitr, |5 obviously deficient in several major
areas. It's use should continue to decline as the use of phenolic disinfectants
declines. The assay IS useful for testing the intrinsic resistant of test
owmmmaMswwmgHmpm%th@Mﬂdwpqurﬂmlma%w&

- The Chick-Martin test was developed as an inprovement of the
R deal - Wl ker phenol coefficient test. It vas devised in 1908 and originally

ntroduced organic matter inthe test inthe formof 3%dried, sterilized
huran feces. ~ Later, the feces were replaced by a b% suspension of dried.
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sterilized yeast. M

The Chick-Mrtin assay was in nany ways simlar to the Rideal -
VWl ker assay. It utilized Salnonella typhi as the test organi smuwhich was
inoculated into dilutions of the disinfectant and the reference standard,
phenol . Both disinfectant dilutions contained 5%Yyeast suspensions as an
additional challenge for the disinfectants. The contact time for the test vas
thirty mnutes at 20° C. At the end of the test period, the broths were
subcultured into duplicate recovery broths and incubated for 48 hours at 37°C

Determnation of the phenol coefficient was sinple. The
concentration of phenol which prevented growth in hoth subcul tures was
determned as vas the concentration that Bfrnitted growth in both broths.
The mean val ue was determned fromthese two concentrations. The

procedure was repeated for the test disinfectant. If a negative and positive
result was obtained, then this dilution value was used in the coefficient

calculations. To obtain the final coefficient, the mean phenol value was
divided by the tested disinfectant value ™

The Chick-Martin assay was not a great inprovement over the earlier
Rideal - Wl ker test. While the need for a challenge with organic mtter was
recogni zed, the actual test nEthodolo%¥ was deficient in many of the same
areas as Rideal -Vl ker. For exanple, the choice of Salnonella typhi as the
test organismis not as inportant today as it was in 1908. Additionally, the
chance of transferring surviving organisns into the recovery broths
eventual |y reached a very lowprobability just as it did in the R deal - Wl ker

assay. This test Is of little use today except to gain historical perspective on the
field of disinfectant testing.


NEATPAGEINFO:id=8D435D07-2294-4899-A7E6-F975BEE04F3A


62

Appendi x 2

CURRENT DI SI NFECTI ON ASSAYS

The Kel sey- Sykes Test

The Kel sey- Sykes disinfectant test is a capacity test that has undergone
NUNBT OUS revisions since its inception in 1969. A capacitK test is a
suspension test in which the activity of the disinfectant is challenged by
repeated addition of a bacterial load. 27 According to Kelsey and Murer, the
test is intended for use by official laboratories or manufacturer's |aboratories
and is suitable for all types of disinfectants. Results obtained should serve as a
qui e for choosing effective concentrations of disinfectants used in hospital
settings. 28

The Kel sey- Sykes assay consists of two main parts: the selection of the
organismnost resistant to the test disinfectant and the determnation of the
concentration deened most effective. The organisns involved in the initial
sel ection process are Pseudomonas aeruginosa (NCTC 6749), Proteus vul garis
(NCTC 4635), E coU (NCTC 8196), and Staphyl ococcus aureus (NTCC 4163).
The organisms are subcultured daily into Wight and Mindy Broth (Bacto
Synthetic Broth, AGAC Code No. 0352, Difco Ltd.) to which 10%sterile
dextrose has been added. Between the fifth and fourteenth subculture the
organi sms are diluted 1:10 in Wight and Mndy broth. Pseudononas
aeruginosa nust be filtered with Watmn's No. 4 filter paper before the
dilutionis made. Sets of ten doubling dilutions of disinfectant are made in
Wight and I\/Und{y broth with dextrose. To each 5 m of diluted disinfectant
0.0 nt of the L:10 organismdilution is added. The tubes are examned for 72
hours fol | ow ng incubation at 32° C-/+" Cto determne which organismis
able to grow in the disinfectant dilutions. This organismwill present the
disinfectant with the best challenge in the second part of the assay.”s

Ao important aspect of the assay is its challenge of the disinfectant wth
both clean and dirty conditions. The organic matter in this assay IS a yeast
suspension.  The dirty inoculumis prepared by suspending yeast in hard
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water while the test organismis inoculated into 10 nt of Wight and Mmdg/
broth and incubated for 24 hours prior to the test. To achieve the final 2%
concentration of yeast, six m of the organismsuspension | added to four m
of the yeast suspension. The suspension must contain 10" to 10* viable
organisms per mlliliter and the ten mlliliters i's adequate to test three
di sinfectant concentrations.

The clean inoculumis prepared by inoculating 10 m of Wight and
Mindy broth with the organismand incubating for 24 hours. The
suspension s centrifuged for 15 mnutes at 3000 rpmand the organi smpellet
s resuspended in 10t of sterile hard water. Again, the Pseudomonas
aer ugi nosa nust be filtered ﬁnor to centrifugation. The hard water is
specified by the Wrld Health Organization to be 342 ppm hardness. The
fornulation re(am res 0.304 g anhydrous cal cium chloride and 0.139 g
magnesi um chlori de hexahydrate per [iter of distilled vater. Once again, the
final organi smsuspension nust contain between 10° to 10" organisns per
mililiter.

‘Three disinfectant concentrations are tested against the resistant
organi smchosen in the first ﬁort|on of the assay. Concentration Bis the
(i sinfectant concentration which is exgepted to pass the test. Concentration A
5 B less 50% while Concentration Cis B plus 50% The dilutions must be
freshly prepared on the day of the test in sterile hard vater. The actual assa%
s performed at 20-22° C There are three tubes abeled A Band C eac
containing 3 ms of the particular disintectant. One mIliliter of the bacteria
/noculumis added at 0, 10 and 20 mnutes into the assay. At 8, 18 and 28
mnutes, 0.02 nt Is subcultured into each of five recovery broths. The
recovery broths are incubated for 48 hours at 32° C and examned for evidence
of growh.

A particular disinfectant concentration is approved if it demonstrates
N0 growth inat [east two of the five recover}; Droths in the sets fromthe efgnt
mnute and el ght een mnute subcultures. The 28 mnute recovery broths are
not used in determnations and Kelsey gives no explanation for their
inclusion in the test, Aconcentration must pass the test on three separate
occasi ons, each requiring fresh inocul umand disinfectant dilutions. The
initial disinfectant concentration (AB, or G is the one deened as passing,
although the actual concentration is decreased with each bacterial addition.
Kel'sey and Maurer state that this nethod provides a safety margin for in-use
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situations. 2®

~The Kel sey-Sykes test s inworldw de use in places such as the United
Kingdom South-Africa, Australia and Malaysia. ™ The advantages of this
sanctioned test include the attempt at providing realistic conditions bY
[ ncluding yeast as organic matter, using organisms found in the hospita
environnent, and testing the nost resistant organisms available.
Addi tionally, the recovery broth is a nutrient broth containing Tueen 80,
Wi ch 15 an affectve neutralizing aqem,tqreducethsnﬂectam carryiover M

~ The Kel'sey-Sykes test, [ike all disinfectant tests, has inaccuracies and
di sadvantages. These problems range fromthose which cause
| nconveni ences, 10 those whi ch nay result 1n inaccurate results. The most
obvious fault of the test Is that it Is comlicated. Assays of this nature are
therefore less reproducible in [ aboratories which do not Toutinely performthe
assay to mintain alevel of conpetency. Cne reason the test is fechnically

difficult 18 the insistence by the developers that the third bacterial Inoculum
be used. The results of this third addition are not used in the final

cal culations and seemto be an unnecessary portion of the test, ™

Certain components of the assay have also been cited as areas of
concern. For example, the use of yeast as organ|c matter may not be
oPt|nun1 One study by CharleY and Harter found that as the age of the
stored yeast I ncreases, 1t presents less of a challenge to certain disinfectants,
They found the concentrations of iodophors necessary to pass the test
decreased as the yeast age increased."0 This may also be true of ofher
disinfectant classes .

~The requirement of WHO hard water as a diluent for organismand

i sinfectant_suspensions i's an inconvenient and perhaps unnecessary
requirement. The exact role of hard water infield situations is not known.
Oroshaw states that the presence of hard water may actually affect the activity
of some disinfectants. However, the use of WHO hard vefer Is an attempt t0
standardi ze the procedure and nay present a chal | enge whose benefits
oMmmhtMaMH|mm(mmummS§awdonmelwmmOH%.

An additional problemsited by Croshaw is the lack of a reference
standard, or control cisinfectant, to insure that the chosen test organismis
performng as expected. Wthout a control, there I's no assurance that the
organi sms™ intrinsic resistance has not been altered by the repeated broth

subcul tures.
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In the 1974 revision of the test, Kelsey and Maurer stated that the
Kel sey- Sykes test was suitable for testing all types of disinfectants: alcohols,
al dehydes, anphol ytes, diguani des, hypochlorites, iodophors, phenolics and
quat ernary amoni um conpounds. *8 Ot hers have presented data which
disputes this statement. Coates found the test to bhe ill-suited for the testing of
hypochorite disinfectants since they are inactivated by the presence of organic
matter. O course, this is a problemin field situations, but Coates suggests
that the use of such a conplex test is unnecessary. The true activity of
hypochl orites can be assessed by the levels of free chlorine present and the
hydrogen ion concentration.”o

Cowen, in a later study, tested iodophors, quaternary anmoni um
conpounds, phenols and hypochlorites with the Kel sey- Sykes nethodol ogy
in several |aboratories. Using reproducibility as an endpoi nt, Coates
concl uded that the test was suitable for testing phenolic conmpounds and
suggested that changes in the test woul d be needed before the assay could be
used for all disinfectant classes.s""

The Kel sey- Sykes test is a capacity test which seeks to determne the
most effective concentrations of disinfectants use in hospital settings. \hile
it is useful to test the performance of the disinfectant when chal | enged by
organic matter, it seenms that the assay could be revised in such a manner as to
sinplify the process and still provide the user with meaningful results. The
maj or area in which inprovenent is needed is in test reproducibility. Still

the assay is a vast inprovenent over earlier tests such as the Rideal -\l ker
and Chick-Martin tests.
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Appendi x 3

METHODS AND MATERI ALS OF THE AOAC USE- DI LUTI ON
NMVET HOD

Cul ture Medi a:

1) Nutrient broth: Combine 5 g NaCl, 5 g beef extract (Difco) and 10 g
peptone (Anatone, American Laboratories, Inc.) in 1 liter of HO and
boi| for 20 mnutes. Adjust to pH 6.8, filter and place 10 m aliquots in
20 X 150 mmtest tubes. After autoclaving for 20 mnutes at 121° C the
broth is used for daily subculturing of test organisns.

2) Synthetic broth: Solution A Dissolve 0.05 g L-cystine, 0.37 g DL-
methionine, 0.4 g L-arginine.HO, 0.3 g DL-histidine.Hd, 0.85 g L-
lysine.HO, 0.21 g L-tyrosine, 0.5 g DL-threonine, 1.0 g DL-valine, 0.8 g L-
leucine, 0.44 g DL-isoleucine, 0.06 g glycine, 0.61 g DL-serine, 0.43 g DL-
alanine, 1.3 g L-glutamc acid.HJ, 0.45 g L-aspartic acid, 0.26 g DL-
phenyl al anine, 0.05 g DL-tryptophan, and 0.05 g L-proline in 500 ni
H20 containing 18 nmL I N NaCH.

Solution B: Dissolve 3.0 g Nad, 0.2 g KO, 0.1 g MyS04. 7H20, 1.5 ¢
KH2PO4, 4.0 g Na2HP04, 0.01 g thiamne.HO, and 0.01 g nicinamde in
500 H20.

Solutions A and B are mxed and placed in 10 nL aliquots in 20 x 150
mm t ubes and aut ocl aved for 20 m nutes at 121° C. Add 0.1 nlL of

sterile 10% gl ucose to each tube and grow test organisns with tube
slanted 8° from hori zontal .

3) Nutrient agar: To either nutrient broth or synthetic broth, add 1.5%
Bacto agar (Difco) and adjust pHto 7.2-7.4. Autoclave and slant for
cool i ng.

Subcul ture Medi a:
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Subcul ture nedia is chosen depending on which disinfectant class is
being tested. The media shoul d adequately neutralize the disinfectant
and provide a satisfactory mediumfor recovery of surviving bacterial

cells.

1) Nutrient broth: see above.

2) Fluid thioglycolate mediumUSP XX In 1 liter H20 mx 15.0 g
pancreatic digest of casein, 5.0 g H20-soluble yeast extract, 5.5 g
glucose. H20,2.5 g Nad, 0.75 g agar and 0.5 g L-cystine. Heat to dissolve,
then add 0.5 g Na thioglycolate or 0.3 g thioglycolic acid. Adjust the pH
to 6.9-7.3 with INNaOH Add 1.0 mL 0.1% Na resazurin solution and
di spense in 10 nL aliquots to 20 x 150 mmtubes. Autoclave for 20
mnutes at 121° C. Inmediately cool to 25°C and protect fromlight.
Use for subculturing when disinfectants contain oxidizing products or
heavy netals.

3) Letheen broth: In 400 ml hot H0, mx 5.0 g polysorbate 80 and 0.7 g
lecithin (Azolectin, Associated Concentrates) and boil until clear. Add
600 nL of solution of 50 g beef extract, 10.0 g peptone and 5.0 g NaCl in
H20 and boil 10 mnutes. Adjust pHto 6.8-7.2 with IN NaCH and/ or
INHO. Filter and aliquot 10 nL portions to 20 x 150 tubes and
autocl ave. Use as a recovery nedi umwhen the disinfectant contains
cationic surface active materials, such as quaternary anmmonium
compounds and phenol s.

4) Cystine trypticase agar(BBL): Dissolve 29.5 g in 1 L HO by boiling for
approxi mately one mnute. Dispense 10 ml aliquots into 20 x 150 nm
tubes and autoclave for 15 mnutes at 12 Ib pressure. Store at 20-30° C
and use for nonthly subcul ture of Pseudononas aeruginosa.

5) Qther subculture media: To fluid thioglycolate medium add 0.7 g
lecithin and 5.0 g polysorbate 80. Protect fromlight.

Apparatus and Reagents:

1) Transfer loop: Using No. 23 gage platinumwre, make a 4 mm
interior diameter loop on 50-75 mmlength wire. A4 mmloop my be
obtained from Matthey-Bishop, Inc and fused onto a suitable length of
wire. Loop should be at a 30° angle with the wire.
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2) Test organisns:  Sal nonella chol eraesuis (ATCC 10708). Maintain
stock culture on nutrient agar slants, subculturing monthly.  Store
transfer at 2-5° fol lowing 2 days incubation at 37° C

Staphyl coccus aureus (ATCC 6538).

Pseudononas aerugi nosa (ATCC 15442). Maintain stock culture on

BBL Cystine Trypticase Agar slants. Subculture monthly, storing at 5°
fol lowng 48 hour incubation.

3) Phenol stock sol ution: Place 50g USP Phenol into a beaker. Dissolve
in H0 and wash into 1 liter flask, dilute to volume. Transfer 25 niL of
stock solution into a 500 nL volunetric flask and dilute to vol une

with HO Then transfer 15 nL of this solution to a 500 nL flask and
add 30 nL of the standard KBr-KBrCa solution. Add 5 nL HC and
insert stopper. Shake flask frequently for 30 mnutes and allowto
stand for 15 mnutes. Quickly add 5 nL of 20%KI sol ution and

| medi ately replace stopper. Mx well, remove stopper and rinse it
and neck of flask with a small amount of H2O Titrate with O IN

Na2S203 using starch indicator. Percentage of phenol in stock solution
= (30 - nL O IN Na2S203 solution for titration) x 0.001569 x 1333 x

100/ 1000. If necessary to adjust the solution, add HO or phenol to the
mxture and protect fromlight.

4) Potassi um brom de-bromate sol ution: Transfer 30 nL to a flask and
add 25 nL H20, 5 nL 20%KI solution and 5 nL HO. Shake and titer
with O 1N Na2S203 using starch indicator.

Phenol Coefficient Method

Make a 1% stock dilution of the substance to be tested and make final
difutions infromthis stock into test tubes. Fromthe 5%stock phenol
solution make a 1:90 and 1:100 dilution into test tubes. Each tube
should contain 5 nL of each dilution. Place the dilution tubes and the
tube containing the test organismin the 20° water bath and allow to
equilibrate for five mnutes. Add 0.5 nL of the test organismto each
dilution at the appropriate tine interval. If ten tubes are being used,
then 30 seconds shoul d el apse between tubes and an additional 30
seconds shoul d el apse hefore the subcul ture begins. Thus, after five
mnutes exposure to the disinfectants, subculture one loopful to a
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subcul ture broth and repeat at ten mnutes and 15 mnutes.

[n-order to properly inoculate the disinfectant tubes, they must be held
Inaslanting position and the pipet containing the organi smmust be
| nserted ahove the disinfectant vAithout touching the suspension. The
tubes must be a%|tated after organismaddition to insure an even
suspension. For the subculture, the tubes should be held at a 60" angle
and the |00P shoul d be vAithdrawn so that the plane of the [oopis
paral [ el to the surface of the liquid. The [oop and each test tube mouth

shoul d be flamed before everx transfer, and the [oop should not be
al lowed to touch the sides or the mouth of the test tubes.

Al subcul ture tubes should be thoroughlg mxed after inocul ation.
The subculture tubes are incubated at 37" for 48 hours. Exam ne

macroscopi cal Iy for growth.

Calculations: Determne the highest dilution killing the test organism
in 10 mnutes but not 5 mnutes and divide the nunerical value of the
this difution by the greatest dilution of phenol Killing the organismin

10 mnutes but not 5 mnutes. The phenol coefficient should be
calculated to the nearest 0.1. e« .

Results:  For Salnonella typhi the fol lowing results should be

obt ai ned:

Phen0| 5 M nut e 10 M nute 15 M nU[e |
1:90 +or 0 + or0 °
1:100 - - +0r0 l

For Staphyl ococcus aureus the fol fowng results should be obt ai ned:
Phenol 5 Mnute 10 Mnute 15 Mnute |

1: 60 +or 0 tor0 ©
+

1: 70 + *

!
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For Pseudomonas aeruginosa the fol [ow ng results shoul d be obtalned

Phenol 5 M nute 10 M nute 15 Mnu |
1: 80 + or0O +or O 0]
1: 90 + + t |

|t none of the dilutions of the disinfectant shows growth in the 5
mnute broth and killing in the 10 mnute broth then a dilution nust
be estimted only when 3 consecutive dilutions give the follow ng
results: 1) no growth in 5 mnutes, 2) growh in 5 and 10 mnutes but
not in 15 mnutes and 3) growh in 5, 10, and 15 mnutes. An example

fol | ows:

Di si nf ect ant 5 Mnute 10 Mnute 15 Mnute |

1: 300 0 0 0

1: 350 + + 0

1: 400 + + +

Phenol 1:90 0 Y 0

Phenol 1:100 + + 0 1
The phenol coefficient would be cal cul ated as:

325/95 = 3.4

The Use-Di |l ution Met hod

Organisms: 1) Sal monel | a chol eraesuis (ATCC 10708) shoul d be
inoculated into atube of nutrient broth and incubated at 37°. Conplete
three consecutive daily transfers. Prior to the actual test, inoculate two
tubes of nutrient broth for each ten carriers to be tested with one
loopful of the organi smsuspension. These shoul d be 48 to 54 hours
old at the beginning of the assay.

2) A48 to 54 hour ol d suspension of Staphylococcus aureus (ATCC

6538) .

3) Pseudononas aeruginosa (ATCC 15442) shoul d be maintained on
BBL cystine trypicase agar stored at 5° and transferred every 30 days.
Nutrient broth suspensions should be transferred daily for 30 days,
incubating at 37°. A48 to 54 hour suspension should be used for the
assay after the pellicle has been renoved.  Tuenty mlliliters of the
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culture are required for inoculation of 20 penicylinders.

Asparagine sol ution: Make a stock supply of 0.1% asparagine sol ution
in HOin a flask and autoclave for 20 mnutes at 1210.

Sodi um hydroxi de: Maintain a 4%solution for cleaning the
penicylinders prior to use.

Transfer |oops and needl es: See phenol coefficient method. The

needl e should have a 3 nmright angle bend at the end of a 50-75 nm
nichrome wire. No 18 B&S gage.

Peni cylinders: FromSEL Metal Products Corp., Maspeth NY, obtain
type 304 stainless steel penicillin cups. Measurements should be: 7-9
mmouter dianeter, 5-7 nminner dianeter, 9-11 nmin [ength.

Petri dishes: Chtain sterile petri dishes mtted with 2 layers of
Whatman No. 2, 9 cmfilter paper.

Procedure of the AOAC UDM

The peni cylinders shoul d be stored overnight in IN NaCH and rinsed
wth tap water until the washotf is of neutral pH Following this, rinse
the carriers twice with distilled vater and place the cylinders in groups
of teninto 25 x 150 nmtest tubes; cover with the asparagine sol ution.
The tubes should be autoclaved for 20 mnutes at 121° C Using a
flamed nichrome wire hook, aseptically transfer 20 of the penicylinders
into 20 nL of a 48 to 54 hour ol d suspension of the organi smbeing
tested. Allowthe cylinders to remain in the suspension for fifteen
mnutes, then remove with the flamed hook and place the cylinders
vertically in the sterile petri dish matted with filter paper. Cover the
dish and place in anincubator at 37" for at least 20 mnutes but no more
than 60 mnutes. The remaining broth suspension is reserved for use
in the phenol coefficient portion of the assay. (See above).

Prepare the dilutions of the disinfectant to be tested in sterile distilled
water.  Add one contamnated cylinder to each of the ten tubes of
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diluted disinfectant at one mnute intervals. Exactly ten mnutes after

the imersion of the first cylinder, begin transfer of the cylinder to an
i ndi vi dual subcul ture broth. The transfer hook shoul d be flamed and

cool ed hefore each transfer and all excess disinfectant should be allowed

to drain before placing in the subculture broth. The tops of all test
tubes should be flamed prior to entry and the tubes should be swirled
three times before being placed back into the 20° water bath.
|mediately after transfer of all cylinders, place the tubes ina 37°
i ncubat or and incubate for 48 hours. Each tube shoul d be recorded as

growth or no growth upon visual inspection.

If lack of disinfectant neutralization is suspected, transfer each cylinder
to a new tube of sterile mediumand reincubate for 48 hours. If the

disinfectant is such that it adheres to the cylinder surface, as may occur
with concentrated acids and al kalies and wax emul sions, then it is

necessary to transfer each cylinder to a new subculture broth 30
mnutes after the initial transfer. Incubate both tubes for 48 hours.

There shoul d be no growth on the ten cylinders in order to confirmthe
use-dilution concentration. If there are failing tubes it is necessary to
repeat the test using higher concentrations of the disinfectant. Note:
While killing in 10 of 10 replicates provides a reasonably reliable index

in most cases, killingin59 of 60 replicates i s necessary to achieve the
confidence | evel of 95%

From  Oficial Methods OF Analysis (1984), 14th ed.  AQAC, Arlington
VA, Chapterd, Disinfectants pp 65-68
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Appendi x 4

METHODS AND MATERI ALS OF THE QUANTI TATI VE CARRI ER
TEST

Cul ture nmedia and Reagents
Nutrient Broth: In 1000 mf of sterile water (Baxter) dissolve 8 grams of
Bacto nutrient broth (Difco Laboratories, Detroit M,48232). Heat to

di ssolve, dispense in 10 m aliquots into 25 x 150 mmtubes. Autoclave
for 15 mnutes at 1210c.

Letheen Broth: In 1000 m of sterile water (Baxter) dissolve 25.7 grans
of Bacto Letheen Broth (Difco). Heat to boiling, dispense in 20 m
quantities into 25 x 150 tubes. Autoclave for 15 mnutes at |11"C.

Letheen Agar: In 1000 m of sterile water (Baxter) dissolve 32 grans of
Bacto Letheen Agar (Difco). Boil to dissolve conpletely. Autoclave for

15 mnutes at 1210 and then dispense in 19 m quantities into 20 x 100
mmsterile petri dishes.

Tween 80 Saline: 1 m polyoxyethylene (20) sorbitan nonool eate (J.T.
Baxter Chemcal Co.) in 1000 m of 0.9% Sodium chl oride, USP

(Travenol Laboratories Inc., Deerfield IL 60015). Autoclave for 15
mnutes at 12/ OC and dispense in 10 mf quantities into plastic tubes.

Additional Iy, dispense 99 mis into glass hottles and autoclave for 15
mnutes at 12| OC

Sterile Mater for Irrigation: Baxter Healthcare Corporation
Deerfield, IL 60015

Asparagine: Dissolve 1 gramBacto Asparagine (Difco) in 1000 m of
sterile water (Baxter). Autoclave for 15 minutes at |I1I1"C
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Phenol phthal ein: 0.05 grans of phenol phthal ein (Fisher) dissolved in
50 m sterile water and 50 m 95% et hanol .

I N Sodi um hy. droxi de: Si gma

D sinfectants

1) Sodium Xyl ene Sul fonate 10.8% Triethanol am ne Dodecyl benzene
Sul fonate 6.3% o-Phenyl phenol 5.7% Trisodium Ethylene Diam ne
Tetracetate 3.0% p-tert-Anylphenol 1.8% Inert ingredients 72.4%
(including detergent, other cleaning agents and no phosphorus
conmpounds). Use dilution is 1:100.

Lehn & Fink Industrial Products D vision

Montval e, NJ 07645

2) Sodi um o- phenyl phenate 9.65% sodiump-tertiary anyl phenate
8.34% inert ingredients 82.01% Use dilutionis 1:128.

Vest al Labs
St. Louis, MO 63110

3) Didecyl dimethyl ammoniumchloride 9.22% n-Akyl (Cu 50% Cl12
40% Ci 6 10% dinmethyl, benzyl anmmoniumchloride 6.14% inert
ingredients 84.64% Use dilution is 1:256.

Buckeye International, Inc.

Maryl and Hei ghts, MO 63043

4) n-Akyl (Cu 60%Ci6 30%C 2 5%C 8 5% dimethyl benzyl
ammoni um chl oridel. 6% n-Akyl (Cl2 50%Cl4 30%C6 17% Q 3%

di met hyl ammonium chlorides 1.6% inert ingredients 96.8% Use
dilution is 1:64.

Huntington Labs, Inc.
Huntington, IN 46750

All disinfectant dilutions were prepared with sterile, distilled water at
the manufacturer's recommended use dilution. Additional dilutions

were prepared above and bel ow the use-dilution . Dilutions were
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aliquoted in 10 m quantities into 25 x 150 nmtubes and brought to
200Cinacirculating water bath. The pH of each dilution was recorded

for each run.

Test Organi sns

Sal nonel | a chol erasui s (ATCC 10708)

St aphyl ococcus aureus (ATCC 6538)
Pseudononas aer ugi nosa (ATCC 15442)

Organi sms were obtained fromthe American Type Culture Collection
(Rockville, ND 20852) and stored at -700C prior to use. After thaw ng,
the organisms were subcul tured to sheep blood agar five days prior to
the test. Subsequent subcultures were in nutrient broth. Organisms
were subcultured daily for not nore than 30 days. Broth subcultures
used in the assay were 48-54 hours ol d.

Peni cyl i nders

Type 304 stainless steel penicillin cups, dull finish. S&L Mtal
Products Corporation, Maspeth, NY. Penicylinders were stored in IN
NaCH overnight. Prior to the assay the penicylinders were rinsed with

tap water until they tested neutral with phenol phthalein. They were
then rinsed twice with distilled water, drained, covered with 0.1%

asparagine and autoclaved for 15 mnutes at 121°C

Appar at us

Circulating waterbath: Haake, Saddle Brook, NJ 07662
LED t hernoneter (Fisher)
Vol unetric flasks

Wre hook: Nichrome wire with a 3 nmright angle hook
Sterile petri dishes lined with one sheet of Whatman's No. 2 filter

paper.
Ti nmer

Vortexer: Vortex-Genie, Fisher Scientific, Springfield, MA
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Utrasonic Wter Bath: Heal th-sonics Corp. Pleasanton, CA

pH met er
Stereoscope
Erlenmeyer flask
Magnetic stir bar

Hot plate stirrer: Corning
Test tube racks

25 X 150 mm gl ass test tubes | o |
Pol ystyrene culture tubes, 16 x 125 mm Fisher Scientific, Pittsburgh,

PA
Filter flask

Filters: QA Laboratories Ltd
135 The West Mal |

Toronto, Canada MBC | C2
Filter grids: 0.45u ISO-GRID 100, QA Laboratories Ltd.
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