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Mycobactericidal activity of selected
disinfectants using a quantitative
suspension test
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Summary: In this study, a quantitative suspension test carried out under both clean and dirty
“conditions was used to assess the activity of various instrument and environmental disinfectants
against the type strain NCT'C 946 and an endoscope washer disinfector isolate of Aycobacterium
chelonae, Mycobacterium foriuitum NCTC 10394, Mycobacterium tuberculosis H37 Rv NCTC 7416
and a clinical isolate of Adycobacterium avivin-intracellulare (MAIL). The disinfectants tested were; a
“chlorine releasing agent, sodium dichloroisocvanurate (NalDCC) at 1000 ppm and 10 000 ppm av Cl; -
chlorine clioxide at 1100 ppra av ClO, (Tristel, MediChem [nternational Limited); 70% industrial
muti};,blu.d spirits (IVS): 2% alkaline glutaraldehyde (Asep, Galan); 10% succinedialdenyde and
tormaldehyde misture (Gigasept, Schulke & Mayr): 0-35% perdcetic acid (NuCidex, Johnson &
Johnson); and a perosygen compound at 1% and 3% (Virkon, Artec International). Results showed
that-the clinical isolare of MAT was much more resistant thaw 3. tuberculosis to all the disinfecrants,
while the type struing of M. cielonae and M. fortuitum were tav nww sensitive, T'he washer disinfector
isolate of M. chelonae was extremily resistant to 2% alkaline activated glutaraldehyvde and appeared
to be slightly more resistant than the type strain to Nu-Cidex®, Gigasept®, Virkon® and :he lower
concentration of NaDCC. This study has shown pevacetic acid (Nu-Cidex), chlorine dioxide
(r rfStel(-’) alcohol (IMS) and high concentrations of a chlorine releasing agent (NaDCC) are rapidly
mycobactericidal. Glutaraldehyde, although effective, is a slow myeobactericide. Gigaseptand Virkon
are poor myvohactericidal agents and are not therefore recommended for instruments or apillage if
mycobacteria are likely to be present.
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resistant to antimycobacterial agents. ™™ These
include M. avihom-intracellulare (NVAL), AL
chelonae and M. fortuitim which until the last
decade had only occasionally been reporeed as
causes of human iafection.” MATL is reported
to infect over 30% of AIDS patients,” while
M. ochelonae and AL fortuitunm are cause for
concern due to the inereasing numbers isolated
from endoscope washer disinfectors, rinse
water and other medical devices. T'his leads
to an increased infection risk through cross-
contamination and also a risk of nusdiagnosis
from fulse positive resules due to the presence
of acid fast bacilli introduced during rinsing
and automated processing.”' ™!

Motubereulosis is most likely to be transmitred

by the airborne route. However, because of

its resistance to dryving, environmental surfaces
may also act as potential vehicles of trans-
" mission. Improperly decontaminated fexible
fibreoptic endoescopes, resuseitation and lung
function equipment and ventilators have also
been implicated in the transmission of myco-
bacterial infeetion.” Reducing airborne trans-
mission is usually sccomplished by isolating an
infectious patient in a negative pressure ventil-
atedd room. Ultraviolet light has also been
shown to be effective in reducing the number
of tuberele bacilli in the air and is used in some
countries, e.g, USA, as an additional pre-
caution.”* To reduce the increasing myco-
bacterial infection  rates, appropriate  and
effective decontamination procedures are neces-
sary.® Mycobucteria are not particularly heat
tolerant and the use of autoclaving, boiling water
or thermal washer disinfectors will remove or
destroy these organisms.'>" However, this treat-
ment is unacceptable for heat-labile equipment
and for the skin and environmental surfaces.
Therefore it is important to find appropriate
disinfectants for these purposes.
Chlorine-releasing agents and alcohol are well
established as environmental disinfectants and
aleshol is also used for the skin and instruments.
However, there are few data on their efficacy
against mycobacteria other than M. tuberculosis.
Of the inscrument disinfectants, 2% alkaline
glutaraldehvde is rnost widely used in the UK
for flexible fibreoptic endoscapes. In a study

F. A, Griffict et al,

of gastro-intestinal endoscopy  units, €3:6%
were reported to be using 2% alkaline glu-
taraldehyvde.””  Unfortunately  glutaraldoavde
and other aldehydes are irvitant to the skin eves
and respiratory tract and a safer alternat ve is
being sought.

Peracetic acid and other peroxygen om-
pounds and chlorine doxide have bee in-
troduced as possible alternatives to 2% all aline
glutaraldehyvde, In  this study  the royco-
bactericidal activity of both the new an | es-
tablished formulations was tested agains  two
straing of AL, ehelonae (the vpe strain @ ad a
glutaraldehvde resistant washer disinfector isol-
ate), and single strains of AL fortuitun, AL
tuberculosis and NAT Suspension tests i1 the
presence and absence of an arganie load were
emploved to assess mveobactericidal activity.

Methods and materials
Tast Organisms

M. chelonne NCT'C 946, M. ehelonae (I2 ping
machine isolate), AL fortwitem NCTC 11394,
M. avium-intracellntare (chinizal isolace) w d 3/,
teberculosis H37 Re NCTC 7416 were st died.

All type strains of the test organisms were
obtained freeze-dried from the National Col-
lection of Type Cultures, Public I ualth
Laboratory, Colindale, London. The ¢ nical
isolate of NIAT was supplied by Dr. John I ilton,
University College Hospital, London an 1 the
machine isolate of M. chelonae was obi uned
from an endoscope washer disinfector me: thine
at the Epping hospital, The machine isola o stas
typed at the MNycobacterium Reference it
Cardiff. Subeulture and menipulation ¢ [ the
test organisms was kept to a minimun  and
disinfectant susceptibilicy petterns were mon-
itored during storage to. ensure these di i not
vary during the period of study. Susper sions
were prepared of all the test organism: and
frozen in 1 mL aliquotsat —73°C until req rired.

Disinfectants

The mycobactericidal activizy of two now in-

strument disinfectants currently marketed n the”
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UK, Nu-Cidex containing 0-35% v/v peracetic
acid, (Johnson & Johnson AMediecal) and
Tristel, 2 chlorine dioxide formulation,
1100 ppm CI1O2 (HayMan MediChem Inter-
national Ltd) were assessed. Also tested were
several of the more established instrument/en-
vironmental disinfectants; Sanichlor®, sodium-
clichloroisocyamurate, a chlorine-releasing agent,
at concentrations of 1000 pPpm and 10 000 ppm
av CL(GH Wood), 70'% Industrial methylated
spirits IN[S 74 OP, (Genta Medical), 10% v/iv
Gigusept, a succinedialdehyde and  form.
aldehyde mixture (Shulke & Nayr), Virkon', a
peroxygen compound ac 1% and 3% v/v (Antee
International) and Asep®, 2% alkaline ghu-
taraldehyde (Galen). AN disinfectants were
freshly prepared Prior w testing. Storile distilled
water was use as a diluent and as o disinfecrant
control *

Suspension Test

The methods for preparing the test suspension
and performing the disinlectant tests have been
previously deseribed in detail 1" arowth
was  harveseed SHIE agar, added 1o
moistened olass beads and shaken for 3 min.
Ten ml, of sweiilo distilled warer wag added,
agitated and left to serde for 30min, The super-
Ratant was removed o

Iriefly,

{rom

tsecond seerile bacele
and lefe to settle for g further 215, Following
sonication at 30-60 [y for Hmin, 100l of
this supernatant was added 16 900 pl. of the
disinfectant at 20°C tor contact times of 1, 4,
L0, 20 and 60 min, After the fequired contct
tme 10ul, wepe removed to 990 UL of (he
ncul‘mlizn1‘inh/rcm\‘w}c svsteny and serially dj-
luced to 104, A combination of dilution in
duareer strength Ringer's solution and 0+3%
Tween 80 was used to neurrahize all disinfectant s
with the exception of chlarine i
beracenie acid, conthination of 3%, sachiim
thiosulphate, (0230, catalase and dilution in
Ringer's was

divxide

used Fur peracetic acid on the

"eeommendation of (he nanulacturers, Jolinson
& Johnson and g combination of dilution in
Ringers, 0-3v; Tween S and 0050, sodivom thio-
sulphate for chlorine dinvide. These svstems
were cliosen o the busis of results achicved in
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neutralization tests.'? One huncred L of tie
neat and subsequent dilutions were plated n
to 7H11 agar in duplicate and surviving colon 5
enumerated  following appropritte incubatic 3,
Ten per cent donor horse serum  containi g
approximately 5 g/L. protein (Tissue Culty ¢
Services L.td.) was incorporated in the test su -
pension. This gave a fnal conceatration of |4
when added to the disinfectant as the organic lo

for all tests carried out under ‘dirty conditions

Results

Tables 1-3 illustrgte the results of the su:-
pension tests which have been presented as mea |
Log,, Reductions (where a Log;, Reduction ¢ f
N indicates viable counts fell by a factor of 10"
of test mycobacteria in the presence an |
absence of 10% serum as an organic load. Log,
reductions of >3 wwepe taken as indicative ¢
satisfactory myecobactericidal activity. Results o
the tests with A7, tuberenlosis and N AT althougl
previousty published' have been included her
lor comnparison.

The type strain of A7, chelonae NCTC 94
Was sensitive to most of the disinfoetants testee
within [ min exposure in the presence or absence
of 10% serum (Pable ). The exceptions were
Gigusept, the suu-cineclinlul-c'h_\'dt;‘ntn-l'mukic]n'c.fc
nuixture and Virkon, the peroxyvger compound,
Gigasept was effective in LOmin but 1h ex-
posure to 1% Virkon was required to achieve g
Logiy Reduction >3 i the presence of 10
serum and 20 min i ies absence. The same
product at 3% was even Joss ellective,

The results obained using the washer dis-
infectorisolate of 41/ chelonae ( Epping) are given
in Table L. [ wasg very resistant 1o 2% alkaline
glutaraldelivde  with litdle or 1
following 60 min CXPOSLIFe,

reduction
It owas, however,
similar or mrginally more resistane than the
Lepe stram to the ather disinfectanes, Pristel,
NaDCC ar 10000 PP and 70% TNIS were gl
cllcetive in elreving a Logn Beduction >3
uneer cleun or dirty conditions following | min
exposuee. Nu-Cidex was ofective i 4 min but
Virkon was totally inelfective, Under elean con-
ditions LOOO ppm Na o required + min, but
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Susceptibility of M. chelonae NCTC 946 to various disinfectanics in suspension under clean and dirty

Table 1}
conditions
+  Disinfeccant Log Initial
Count i
| min
Clean Conditions
1000 ppm NaD€C 8-27 >5:27
£0 000 ppm NaDCC 845 5545
2% wlv glutaraldzhyde 8-64 >5-64
70% viv IMS B-76 >5:74
1% wiv Virken 8-43 0-87
3% wiv Virkon 920 |49
10% viv Gigasept 867 0
Nu-Cidex 8-76 »5:7%
Tristel 9:30 >5-30
Dirty Conditions
1000 ppm NaDCC 813 »5:13
10000 ppm NalDCC 807 >5-07
2% viv glutaraldehyde 8-82 =582
70% viv IMS 864 »5-64
1% wiv Virkon 907 0-45
3% wiv Virkon 9-24 t-71
10% viv Gigasept 8-27 0-18
Mu-Cidex 847 =547
Tristel 926 »6:26

*Maan Log,, Reductions at

4 min 10 min 20 min &0 min
»527 »5:27 >5-27 »527
>5-45 >5-45 »5-45 =545
>5:.64 >5.64 >564 >5-64
576 =576 >5-76 >5.76
2:56 4-48 »5.43 >5-43
2-5] 2:64 277 322
0:51 >567 >5-67 >5:47
>5.76 >5.76 576 >57%
>6-30 >6:30 >6-30 >6:30
>5403 =513 >513 =503
>5.07 >5.07 >5-07 =507
>582 >5.82 =582 >5-82
»5.64 >5-64 =564 >5.64
|-78 4-06 4-83 >46-07
2456 - 2:69 2-85 302
019 5827 >5.27 >527
>5:47 >5.47 =5-47 >5-47
»6:26 2626 »6-26 >6-26

Numbers in bold indicate the minimum tme necessary to obtain a Leg,, Reduction >5 in test Organisms.

“Mean of duplicate experiments.

in the presence of 10% serum, a longer contact
period of 60 min was required to achieve 4 Log,
Reduction >3,

M. chelonae and M. Jortuition are similar
orgamisms uand often considered together as the
M fortuitum—chelonae complex’. They ex-
hibited similar suceptibility patterns to many of
the disinfectants tested, Table 111 shows that
10000 ppm NaDCC, 70% INMS, 2% alkaline
glutaraldehyde and Tristel were all effective in
U min against AL, fortuitim under both clean and
dirty conditions. Virkon at both concentrations
was again totally ineffective in 60 min. Sanichlor
at 1000 ppm NaDCC achieved a Liogii Re-
duction >6 in 10 mir and Nu-Cidex in 4 min,
undet clean and direv conditions. Gigasept was
effective in 20 min under clean conditions and
10 min in the presence of serum.

The results of the tests against A, tuberculosis
and MATL are presented in Tables IV and V'

Under clean conditions, 1000 ppm, 10000 pm
NaDCC, 70% INS, Nu-Cidex and Priste all
achieved at least a Log,, Reduction >3  ith
I min exposure. Tristel, 10000 ppm Nall ZC
and 70% alcohol remained effective at 1 mi ;i
the presence of 10% serum but Nu-Cides .nd
1000 ppm NaDCC required the slightly 1o1 zer
contaet time of 4 min. Gigasept required 60 nin
under clean and 20 min under dirty condit ns
and Vickon was again totally ineffective at | oth
concentrations in 1 h. Two par cent alka ine
glutaraldehyde achieved a Logy Reduction >5
in 20 min in the absence of serum and in 10 1in
in its presence. MAT was by far the most re-
sistant organism  examined. Triste]l was he
only disinfectant to achicve » Log,, Reducr ion
>5 within 1 min exposure in the presence or
absence of 10% serum. Sanichlor (XaDCU 4t
10000 ppm was also effective in 1 min un ler
clean conditions but required 10 min in  he

|
|

























