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An evaluation of the use of chlorine dioxide
(Tristel One-Shot) in an automated washer/
disinfector (Medivator) fitted with a chlorine
dioxide generator for decontamination of
flexible endoscopes

D. Coates
Q Laboratories Ltd., Quayside, Navigation Way, Ashton-on-Ribble, Preston, Lancs PR2 2YP, UK

Summary: Microbiological tests were carried out to evaluate a new chlorine dioxide sterilznt: Tristel Or »-
Shot. Preliminary in vitro suspension tests showed that solutions containing around 140 ppim chlorine dic :-
ide achieved a reduction factor exceeding 10° of Staphylococcus aurveus in 1 min and of Bacilius subtilis spo: s
in 2.5 min in the preser.ce of 3 g/LL bovine albumin. Subsequent tests evaluated the effectiveness of Tris 2l
One-Shot in a Medivator washer/ disinfector fitted with a Tristel Generator for processirg flexible enc -
scopes. Each test run involved three stages. In the first, the instrument and air—water channels of a gast1 »-
scope were inoculated with a suspension of Pseudomonas aeruginosa (10 cfu/ml) in 10% scdium glutam: e
and serum (0, 5 or 10%) and then drained, partially dried, and saline flushed through for tatal viable cout s
(TVCs). In the second stage, the channels were re-inoculated with test organisms; detergent was flush d
through the channels which were then brushed; and saline was flushed through for T'V'Zs. In the thi d
stage, the channels were re-inoculated; detergent was flushed through the channels which were th n
brushed; the endoscope was processed in the Medivator; and saline was flushed thrcugh for TV( s
Carrying out all three stages enabled determination of (1) the contribution played by manual cleaning »f
channels prior to processing in the Medivator, and (2) the combined effect of manual cleaning followed v
processing. Two series of test runs were done. In the first, the Tristel Generator was set to generate 230 pg
chlorine dioxide, and in the second 150 ppm. In the first, cleaning followed by processing in the Medivai
consistently achieved a > 10°-fold reduction of test organisms, and in the second a >10°-fold reductic 1.
Pre-cleaning of channels was very important—when done the initial concentration of serum in the inoc |
lum (0-10%) had no affect on the results obtained after processing.
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Introduction cycles and hence are usually decontaminated
cleaning followed by high-level disinfection with a
sterilant. Glutaraldehyde was intrcduced in 196
and rapidly became the first-line agient for the d;

b

Flexible endoscopes cannot withstand the high

temperatures and pressure changes of autoclave

infection of endoscopes. Today it is still the mc t
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irritant and allergenic? and surveys suggest that the
prevalance of symptoms associated with glutaralde-
hyde exposure is high among staff working in
endoscopy units.” Its use is covered by the Health
and Safety at Work Act 1974 and the Control of
Substances Hazardous to Health Regulations 1988
(COSHH).* Until January 1998 glutaraldehyde had
an Occupationzl Exposure Standard (OES) of
0.2ppm expressed as a 15min reference period.’
However, because no safe exposure limit for glu-
taraldehyde cou'd be identified, the Health and
Safety Executive withdrew the OES and replaced
it with a Maximum Exposure Limit (MEL) at
0.05ppm for both the long-term exposure limit (8h
time weighted average reference period) and the
short-term exposure limit (15 min reference period).’
Exceeding a MEL violates COSHH Regulations
and the Health and Safety Executive advises® that
‘wherever possible, glutaraldehyde should be
replaced by a less hazardous substance. For a num-
ber of uses, including disinfection of some endo-
scopes, there are many safer alternatives available’.

Another problem with glutaraldehyde is that its
microbicidal activity is too slow for practical pur-
poses against some organisms that cause problems
in endoscopy. Glutaraldehyde kills high numbers of
Mycobacterivam fuberculosis within 20 min and lower
numbers within 5-10min.”8 However, M. awvium-
tntracellulare is much more resistant and killed only
after 60-75min."'" Bacterial spores are very resis-
Jtant'!  and the killing time for some is 3h or
longer'? and the manufacturer of Cidex (a commer-
cial preparation of glutaraldehyde) stipulates 10h
for sterilization. Cryptosporidium parvum 0oCysts
are also very resistant'®! remaining viable and
infectious after 10h contact with glutaraldehyde. '
Unfortunately, the same flexible endoscope may
have to be used raany times during a list necessitat-
ing a quick reprocessing time between proce-
dures—far shorter than is required to kill these
resistant organisms or achieve sterilization. Con-
sequently, thorough pre-cleaning is essential to
remove as many organisms as possible as well as
organic material which protects them. Cleaning can
achieve at least a 10°-10*-fold reduction in the
microbial contamination load.®

A further problem with glutaraldehyde arises
with endoscope washer/disinfectors. Various atypi-
cal mycobacteria, including M. chelonae, M.
Jortuitum and M. kansasti are being increasingly iso-
lated from endoscope washer/disinfectors, rinse
water and processed endoscopes.’” The frequent
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disinfecting of machines with glutaraldehy le appar-
ently selects strains of M. chelonae, anc possibly
other atypical mycobacteria, with increas ng resis-
tance to glutaraldehyde.!® It has been foun: 517 that
glutaraldehyde is ineffective against was ier/disin-
fector isolates of M. chelonaz and only slo iy effec-
tive against M. kansasii. These organisn s can be
deposited on endoscopes during process; tg which

has led to misdiagnosis of tuberculosis du to acid-
fast bacilli being found in bronchial lavag samples
taken during bronchoscopy.'®

In recent years, various alternatives to glu-
taraldehyde have been developed.!®™  These

include peracetic acid e.g. Steris, 2™ Nu-Cj lex!1:15.20
and PeraSafe; chlorine dioxide e.g. T istel;!%20
‘super-oxidized water’ e.g. Sterilox;?"? and gas
plasma e.g. Sterrad™ 20,268 Al these al srnatives
to glutaraldehyde have advantages and isadvan-
tages!®?! so it is up to individual endosc py units
to decide which best maiches their n eds and
resources.

In the present study, microbiological 1 sts were
carried out to evaluate the effectiveness
single-use, low concentration chlorine dic tide for-
mulation (Tristel One-Shot used in an a tomated
washer/disinfector (Medivator) for process ng flexi-
ble endoscopes. The aims of the study were to
determine the levels of chlorine dioxide th t consis-
tently achieved (a) =10°-fold reductions ( ) =100
fold reductions of the test organism inocu ited into
the endoscope channels under ‘clean’ (0" serum)
and ‘dirty’ (5% or 10% serum) conditions.

f a new

Materials and methods
Site of study

The study was carried out at The Royal Oldham
Hospital with the help and co-operatio of the
Endoscopy Unit, the Microliology Labor: tory and
the Occupational Health & Safety Service.

Test organisms

The test organisms used in in vitro suspen: on tests
were Staphylococcus aureus NCTC 410 312% and
Bacillus subtilis NCTC 10073 spores wh h were
prepared by the method of Beeby and Whit 1ouse.3°
The test organism used to inoculate en oscopes
was Pseudomonas aeruginosa NCTC 674 29 An
18h culture in Tryptone Scya Broth was used to
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prepare a standardized suspension containing 10°
colony forming units (cfu)/ml in 10% w/v sodium
glutamate®! (L-glutamic acid sodium salt: BDH) and
horse serum (0%, 5% or 10%).

In vitre suspension tests

Preliminary in witro suspension tests were carried
out by the British/Eurapean standard method BS
EN 1276: 1997% under simulated clean conditions
(organic challenge: 0.3 g/ bovine albumin) and
dirty conditions (3 g/L. bovine albumin).

Endoscope used in tests

The endoscope used in rests was a Pentax EG-2940
Video Gastroscope loaned from the E3 Endoscopy
Theatre, Roval Oldham Hospital. This gastroscope
has three channels: (1) instrument, (2) air, and
(3) water. The air—water channels have a common
air—water nozzle at the distal end of the insertion
tube, and a common air—-water port on the PVE
(Pentax Video Endoscone) connector. The instru-
ment channel has three sections: (1) suction nipple on
PVE connector — umbilical cable — suction control
valve on control body, (2) suction control valve —
instrument channel inlet on control body, (3)
instrument channel inlet — insertion tube — outlet
at distal end of insertion tube. A ‘dog-leg’ exists
betwean the instrument channel inlet and a junc-
tion below where the channel to the insertion tube
is joined by that from the suction control valve.
The air—water channels each have two sections: (1)
air-water port on PVE connector — umbilical cord
— air-water feeding valve on control body, (2) air-
water feeding valve — insertion tube — air—water
nozzle at distal end of insertion tube. The lumen of
the instrument channel is wider than that of the
air—water channels.

Endoscope washerldisinfector used in tests

The endoscope washer/cdisinfector used in tests was
a Medivator DSD-91E fitted with a Tristel genera-
tor for production of Tristel One Shot sterilant
(The Tristel Company Ltd, Cambs., CB§ 7NY,
UK). The programme cycle used was the standard
cycle for flexible endoscopes which has five stages:
(1) generation of Tristel by the Tristel generator
which takes around 1min 20sec, (2) flushing the
channels with enzymatic detergent which takes
aroun({ 1 min 5sec, (3) disinfection with Tristel

mvolving: (a) filling the load chaniber; (b) a tir
controlled complete immersion phase of exact
Smin, and (¢) emptying the chamber which, alt
gether, takes around 13min Ssec, (4) a first rin

with filtered water which takes around 6 min 45 s¢ :

and (5) a second rinse with filtered water whi
takes around 6min 45sec. Thus the cycle time
around 29 min.

Test run stages

Each test run involved three stages. In the fi1
stage, the channels were inoculated, allowed

equilibrate for 10min, and then drained gravit
tionally. Sterile saline was flushed up and down t

channels several times, collected in sterile bottl s

and total viable counts (T'VCs) done (see below
The purpose of this stage was to determine T'V(
in channel washings after inoculaticn but no clea
ing or disinfection. In the second stage, the cha
nels were re-inoculated, equilibratecd and drained
before. They were then cleaned by flushing dete
gent through followed by brushing. Saline was th
flushed through and collected for 1"VCs as befor
The purpose of this stage was to determine TV(
in channel washings after inoculation and cleani
but no disinfection. In the third stage, the channe
were re-inoculated, equilibrated :nd drained
before. They were cleaned by flushing deterge
through and brushing as before and then process
in the Medivator. Saline was then flushed throug
and collected for TVCs as before. The purpose
this stage was to determine T'VCs in channel was]
ings after inoculation, cleaning and chlorine dioxi
disinfection in the Medivator.

Inoculation of gastroscope channels

Instrument channel: The instrument channel had
volume of approximately 25ml. Inoculum (40
was prepared by mixing appropriate volumes

culture, 10% sodium glutamate®' and defibrinatc
horse serum. This was aspirated into a 60r
syringe (no needle) and connected to the suctic
nipple on the PVE connector whilst the distal er
of the insertion tube was clamped inside a 50r
sterile container. The inoculum was expelled in
the channel and flushed up and down several tim
to completely fill the channel. The syringe was the
disconnected and the control bodv held aloft -
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promote drainage of inoculum from the channc .

The gastroscope was then left for 10min to dra:
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and partially drv. About 1 ml of inoculum remained
in the channel.

Air—water channels: The air-water channels had a vol-
ume of approximately 15 ml. Inoculum (30 ml) was
aspirated into a 60ml syringe and connected to the
air-water port on the PVE connector and the chan-
nels inoculated and drained as described above for
the instrument channel.

Cleaning and brushing procedure

Two detergents were used in test runs. MediGene
(MediChem International), described by the manu-
facturer as a dual enzymatic bactericidal detergent
cleaner, was used in 14 test runs. Hospec (Young’s
Detergents), a general purpose neutral liquid deter-
gent, was used in one test run. Ten litres of 1%
detergent solution were prepared in a baby bath
using warm water and the gastroscope immersed.
The instrument channel was cleaned by attaching a
60 ml syringe to the suction nipple on the PVE con-
nector and flushing 300 ml (5 x 60 ml) of detergent
through. A brush was then passed through the
channel (three sections) three times. The air—water
channels (two sections) were then cleaned in the
same way.

Processing in the Medivator

After cleaning, the gastroscope was placed in one of
the two Medivator basins and the connectors
attached to the gastroscope valves. On pressing the
cycle start button, T'ristel is generated automatically,
pumped through the channels and into the basin
until full. At this stage, a sample of Tristel was
taken from the bagin for assay of chlorine dioxide.

’ Sampling procedure

Instrument channei: For each test run, samples were
after stage 1 (post-inoculation), stage
2 (post-cleaning) and stage 3 (post-processing).
The sampling procedure post-inoculation was as

taken

follows: a 60 ml syringe (no needle) was connected
to the suction nipple on the PVE connector whilst
the distal tip of the insertion tube was clamped
inside a 50ml sterile container. The syringe was
used to expel the residual inoculum (about 1 ml) from
the channel into the container, It was then discon-
nected, 40ml of saline aspirated and re-connected.
The saline was expelled from the syringe into the

channel, flushed up and down several 1
tinally expelled into the container. A TV(
made. The sampling procedure after cle
after processing was as above, but omittii
tial steps carried out to expel the residual

Air—water channels: The sampling procedur
described for the instrument channel e
the syringe was connected 1o the air—wat
the PVE connector, and 30nl of saline w
through.

TVCs on samples

Six serial 10-fold dilutions of sampl
flushed through channels) vere made in |
Recovery Diluent (MRD). One millilitre
were inoculated on to dried blood agar
triplicate) and spread using nlastic spread
incubated at 37°C for 48h and
counted.

were

Assays of chlorine dioxide concentrations
Tristel solutions

Assays of chlorine dioxide in Tristel solut
carried out by titration against sodium thi
using the method recommended by (and
from) the supplier.

Investigation of the possible bactericidal
activity of detergents

Agueous 1% solutions of MediGene an
were inoculated with 10%ciu/ml of P .
and viable counts carried out after 0, 5, 10 a
to determine whether ther: was any de
count.

Investigation of the possibie bactericidal
activity of sodium glutamate

An aqueous 10% solution of sodium gluta
inoculated with 10%cfu/ml of P aerug
viable counts carried out after 0, 1, 2 a
determine whether there was, any decrease

Tests on a variety of endoscopes that had
been used in clinical procediires

Several types of endoscope were obtained
endoscopy suite following clinical proced
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endoscopes were flushed through with detergent
and brushed (as normal) by staff in the endoscopy
suite. They were then taken to the research labora-
tory and processed in the Medivator. Sterile saline
was flushed through the channels and 1 ml samples
inoculated on to six plates of blood agar. Three
were incubated aerobically and three anaerobically,

at 37°C for 48h.

Results
In vitro suspension tests

In vitro suspension test results are shown in T'able 1.
A concentration of 141ppm chlorine dioxide
achieved a reduction of S. aureus by a factor of
10°~107 in 1min under simulated dirty conditions
and 146 ppm achieved a reduction of B. subtilis spores
by a factor of 10° in 2.5 min under dirty conditions.

Bacterial challenge in the instrument and
air-water channels post-inoculation

Fifteen test runs were carried out (Table II). The
first step was to prepare an inoculum consisting
of a standardized suspension of approximately
108 cfu/ml of P aeruginosa in 10% w/v sodium glu-
tamate and either 0, 5 or 10% horse serum. The
TVCs of the inocula prepared were in the range
2.7-7.6 x 108 cfu/ml. The first stage of cach test run
was to inoculate the channels, allow them to equili-
brate for 10min and then allow them to drain by
gravity. Saline was then flushed up and down the
channels and collected for TVCs, Counts after
inoculation ranged from 1.7 to 9.8 x 107 cfu/ml in the

Table 1

instrument channel and from 2.0 to 9.2 x 107 cfu/r
in the air—water channel. Hence, the bacterial che
lenge in the instrument channel after inoculatic
was very similar to that in the air—water channel.

First series of test runs

In the first series of test runs (runs .—9 in Table I
the Tristel Generator was set to generate a level

around 230 ppm of chlorine dioxide. Nine test ru
were carried out with the actual levels of chlori:
dioxide generated varying from 201-258 ppm. TI
second stage of each test run was to re-inoculate tl
channels with test organisms as befsre and then

—
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clean them prior to flushing with suline for TVC .

In five of nine test runs, cleaning ‘was carried o
by flushing 1% MediGene (detergent) through tl
channels followed by brushing the channels with
sterile cleaning brush whilst the gastroscope w:

o

-

i

immersed in a solution of 1% Med Gene in wate .

After cleaning in this manner, the post-flushir
and brushing counts ranged from 1.6x 10
2.0 x 10° efu/ml in the instrument channel and fro:

5.8 x10% to 3.4 x 10°cfu/ml in the nir—water chat -

nel.
inocula in the channels by factors of 10°=10° wit
no apparent difference between the instrument an
air—-water channels. In two of nine test runs cleanir
was carried out by brushing alone. In these run
the counts after brushing ranged from 4.2 x 10° 1
6.0 x 10°cfu/ml in the instrumen: channel an

Hence, flushing and brushing reduced tb »

from 2.0 x 107 to 7.8 % 107 ¢fu/ml in the air—wat: -

channel. Hence, the effect of brushing alone was 1
reduce the inocula in the channels hy between ze:
and a factor of 10* but with less than a 10-fol

In vitro studies on the bactericidal and sporicidal activity of Tristel One-Shot against

S.aureus NCTC 4163 and B. subtilis NCTC 10072

Test organism ClO, (ppm) Bovine Contact time Log|o reduction
“ albumin (g/L) (min) factor

S. aureus 79 0.3 | 34

S. aureus 79 3 | 34

S. aureus 92 0.3 I 4

S. aureus 92 3 I 4

S. aursus 141 03 | 6-7

S. aursus 141 3 | 6-7

B. subt/lis 97 03 25 =)

B. subt/lis 97 A 2.5 >5

B. subtlis 120 0.3 28 5

B. subtilis 120 3 2.5 >5

B. subtilis 146 0.3 25 6

B. subtilis 146 3 25 6






















