| HAVE MODERATED THE PMFLIST, an cmail discussion list on the Internet dedicated to topics

of interest to microbiologists in the pharmaceutical and personal care industries; a list that has been active

since 1996 Chttp://www.microbiol.org/pmilist_info.htm). I mention this only because in that time I have had
I & Y

the opportunity to develop a perspective on issues that interest the working microbiologist. Occasionally,

the odd topic will really catch fire in the discussion group. This happened recently in response to an jinter-
esting article that appeared in the March 2005 issue of A2C2 Magazine [1] dealing with the advisability of

¢

disinfectant rotation. In this thoughtful article, the author argued for the need to “rotate™ a disinfectant with
a sporicide. The interest in this topic initially came as a surprise to me, as [ had thought the issue long since

resolved in the pharmaceutical and personal care industries.

As the discussion continued on the PMFList, the
points of contention became more clear. A great deal
of discussion revolved around the concept that a
microorganism could become resistant to 4 disinfec-
tant. Here is where the tirst bit of clarification is
required. A microorganism will not become resist-
ant to much of anything. It either is or it is not affect-
ed by the compound. Within a very large population
of microorganisms, there is a chance (normally a
chance of approximately 10-6) that o cell within the
population will have a mutation at « specific gene.
This might provide some competitive advantage under
some environments, perhaps survival in the presence
of an clevated level of a chemical. The mutation that
promotes survival under these conditions could, over
the course of a few generations, become the domi-
nant genotype in that population. This is, of course,
assuming that the challenge is not too great. For exam-
ple, it does not matter how acidotolerant a particu-
lar mutant is, growth in 6N hydrocholoric acid is just
plain unlikely—the conditions are too inhospitable to
life.

Can a low level of exposure to biocides select vari-
ants in a population that are more tolerant than the
previous dominant type? Can low level exposure
select “resistant” microorganisms? Absolutely. The phe-
nomenon of biocide resistance is well known and has
been extensively reviewed in the literature [2-5].
Extensive work on the mechanism of action allowing
previously susceptible microorganisms to survive ele-
vated levels of the biocide have highlighted efflux
pumps as 4 mdjor contributor to the biocide resist-
ance [6,71, as well as physiological acaptation (8],
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The next question is one of significance. Is this
phenomenon of any consequence to the pharma-
ceutical cleanroom sanitization program? Well, that is
what I hope to answer in this short essay.

The Development of Resistance in
Bacterial Populations

Genetic Resistance

The literature provides many examples of microor-
ganisms able to survive in disinfectants. This can be
cither in laboratory experiments using an increuasing
level of biocide to select variants in the population,
or by examination of biocidal solutions for the pres-
ence of resistant microorganisms. The gram-nega-
tive bacilli are the most frequent isolates from this
type of evaluation [9-15]. This may be due to a com-
bination of causes including alterations in outer mem-
brane permeubility due to changes in porin diameters
[16-19]. In addition, it is not clear that the outer-mem-
brane mediated resistance is in fact due to selection
of a mutant genotype from the population, or rather
phenotypic adaptation, as this trait has been report-
ed to be rapidly lost once the selective pressure is
removed.

The other type of experiment performed to demon-
strate development of genetic resistance is one in
which a laboratory rescarcher takes a microorganism
in culture and exposes it to increasing levels of bio-
cides, selecting resistance variants at cach stage. There
is one such set of experiments of particular relevance
to the pharmaceutical microbiologist that we will
examine in some detail as an example, >
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In 1992, Conner and Eckman pub-
lished a study purporting to show the
need for rotation of a low pH phe-
nolic and a high pH phenolic to pre-
vent the generation of resistant
Pseudomoncs aeruginosa [201. This
study was a repetitive zone of inhi-
bition design, where an alkaline (pI
10.4) and an acidic (pH 2.6} pheno-
lic disinfectant were placed in paper
discs at the center of a bacterial lawn.
As the lawn grew to visible turbidity,
the disinfectant diffusing out from the
disc created a concentration gradient.
Conner and Eckman then picked
colonies that grew closest to the disc,
therefore in the highest concentration
of disinfect in the diffusion gradient,
for the next cycle. Four treatments
were used: water; high pH phenolic:
low plIl phenolic; and alternating
(rotating) the two phenolics. The
chatlenge was over 40 cycles of pick-

B.d

A great deal of discussion
revolved around the
concept that @
microorganism could
become resistant to
a disinfectant.

ing a “resistant” colony. creating a
lawn using this new isolate. and then
looking for another “resistant”™ colony
from the first variant.

What the authors found was that
the alkaline phenolic treatment even-
tually resulted in a variant of 2 aerug-

/nosa that produced no zone of

inhibition around the alkaline phe-
nolic-impregnated disc, while the low
pH phenolic and the “rotated™ phe-
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nolics had measurable zones at the

end of 40 cycles. One plausible
explanation for these results is that
the alkaline phenolic is a poor dis-
infectant. However, Conner and Eck-
man concluded that these data
demonstrated the need for rotating
disinfectants. They
explanation for the fact that the low
pH phenolic seemed to be uas effec-
tive as the “rotated” phenolics at pre-
venting “resistance” from developing.
They contnued this work in a fur-
ther study published in 1993 [21] and
1994 [22] where an adherent P aerug-
inosa biofilm was formed on a stain-
less steel coupon and then subjected
to repeated cycles of disinfection (by
dipping the coupon in the use dilu-
rion) and reinoculation. Survivors
were determined by sampling with
replicate organism detection and
counting (RODAC) plates. The
authors showed that no treatment
eliminated the established biofilm,
but the rotation provided a statisti-
cally significant decrease in the num-
bers of colony forming unit (CFU)
than in ¢ither the high or the low pll
rreatment. Unfortunately, the diffi-
culty with using biofilms in this type
of study is that the biofilm itself can
adapt to different environments (23.
24]. This well-studied phenomenon

provided no

confounds interpretation of the data,
In addition. there was no attempt by
the authors to determine the sam-
pling cfficacy of RODAC plates on
biofilm generated under the various
conditions. Given the well-docu-
mented inefticiency ot this sampling
method [25. 26] and the variations in
biofilm structure [27-31] interpreta-
tion of the study hecomes a bit more
difficult.

Unfortunately. there is a dearth of
other articles in the literature demon-
strating the need to rotate disinfec-
tunts. Given what we know about
population variability. the infrequent
rate of favorable genetic mutations,
and the mechanism of action of
many of these biocides. it seems that
the probable scenario for selection of
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a resistant variant would require
exposure of an extremely large num-
ber of cells (in excess of 1,000,000
CFU) to a low level of the toxic
chemical. It is not surprising that this
has not been reported in the litera-
ture from a pharmaceutical manu-
facturing cleanroom facility. In fact,
this has not been reported even for
hospital situations where both the
levels of microorganisms are much
higher and the potential for recog-
nition of the event is more likely [32.
33). Put simply, sclection of mutants
that are resistant to in-use levels of
disinfectants has not been shown to
happen in cleanroom settings. Liter-
ature reports of resistance to in-use
levels are restricted to descriptions of
the survival of specific microorganisms
in contaminated solutions 19, 14, 341,

Physiological Adaptation
While we have discussed genetic
adaptation, there is another mecha-
nism for resistance. In the previous
section we touched on biofilms. A
biofilm is @ complex community of
microorganisms suspended in a poly-
saccharide glycocalyx. The extracel-
lular structure provides a foundation,
nutrients for some members of the
community. and also physicul pro-
tection from chemical treatment as it
impedes the diffusion of chemicals
to the cells in the interior. The abili-
ty of biofilm to withstand large lev-
els of disinfectants is well established
[33-37]. This doces not, however,
speals to the need to rotate disinfec-
tants, as the biofilm will provide pro-
tection against whichever chemical
treatment you attempt, as shown eur-
lier by Conner and Eckman.

There is one other aspect of this
discussion T should mention. In the
aforementioned article [11, the author
correctly separated the disinfection
of vegetative cells from the need to
provide sporicidal activity to elimi-
nate spores of bacteria and fungi.
Although there are clear difterences
among ditferent bacterial species in
their sensitivities to disinfectants and
these differences can result in per-
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sistent bacterial load under some
conditions, these differences pale
heside the resistance of spores to
environmental insult. The spore form
is naturally more resistant to chemi-
cal reatments and harsher agents
must be used to combat these organ-
isms. This is the basis of the common

\}
«®

industrial practice of alternating the
daily use of a disinfectant with the
periodic use of a sporicide in a man-
ufacturing facility's sanitization pro-
gram. The obvious approach to this
problem might seem to be the exclu-
sive use of the sporicide. However,
as the author points out, the ¥

PORTABLE

*" PARTICLE COUNTER
SOLAIR 3200+/5200+

% Meels EU GMP Requirements

* Wide Dynamic Range, 0.3 - 25.0 ym

* Flow Rate Options: 2 CFM or 50 LPM

% View & Parlicie Sizes Simultaneously

* Connecfs Up to 4 Environmental Sensors

* Stores 3,000 Data Records

% 5.7" (14.47 cm) Color Touch Screen interface

== LIGHTHOUSE

SOLUTIONS

WORLDWIDE

w.golighthouse.com

% New Zoom Capability
% New Easy Loading Thermal Printer
* Dimensions: 14.65x 8 x 10.4in
{37 x20x 26 cm)
* Weight: 23 Ibs (10.4 kgs)
% Stainless Steel Enclosure
* Removable, Rechargeable, Li-lon Battery

* Includes Easy fo Use Data Transfer Software

3041 Orchard Parkway
San Jose, CA 95134 USA
Tel 408-228-9200

Fax 408-228-9225
info@golighthouse.com

A Circle No. 9 on Free Product Info. Card

July 2005 @ 11




consistent use of common sporicides
(frequently, strong oxidizing agents)
will result in corrosion of equipment
in a relatively short period of time and
pose safety issues for the technicians
applying them to the cleanroom. It
is far preferable to use the gentler dis-
infectant for as nmuch of the time as
pussible, reserving the sporicide for
periodic cleaning. response to an
event, e.g. power failure, catastroph-
ic excess of action levels, or bring-
ing a facility back on-line after a
shut-down.

On the Need for Clarity

in Terms

A final aspect of this discussion is the
semantics of the subject matter. A real
problent is the use of the term “resist-
ance.” This term originated in the clin-
ical microbiology arena where the
inhibition of bacterial growth provides

a true measure of the efficacy of a
particular chemical agent against that
bacterial species. This measure has lit-
tle meaning in disinfectancy where
the true test is the ability of the agent
to kill bacteria. not prevent them from
growing. So we start oft with the
wrong test. From this poor beginning
we then argue that a slight but meas-
urable increase in the ability of the
organism to grow in low levels of the
chemical agent is proof of resistance,
ignoring the fact that the dilution of
the agent in a facility may be thou-
sands of times more concentrated
than the concentration used in the
study {38]. Finally we ignore the basic
mechanism of action of disinfectants,
incorrectly applying the model of
antibiotic resistance (where a mutant
develops resistance to a “magic bul-
let™ by altering the specific target of
the antibiotic) to the mode of action
of  disinfectants
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our current under-
standing, describ-

ing what we do as “disinfectant rotation”
is grossly indccurate. We, in fact, are
not discussing rotating disinfectants at
all. Rather we are urging the routine
use of an effective disinfectant with
the periodic use of a sporicide [39.
401, Block [41] defines a disinfectant
as, “...an agent that frees from infec-
tion, ...that destroys diseuse or other
harmful microorganisms but may not
kill bacterial spores. Tt refers to sub-
stances applied 1o inanimate objects.”
He goes on to define a sporicide as
“...an agent that destroys microbial
spores, especially a chemical sub-
stance that kills bacterial spores.”

What we are discussing is a prac-
tice more accurately described as a
sanitization program, but certainly not
“disinfectant rotation™
continues to confuse practitioners and
regulators alike.

a term that

Summary

The need for the rotation of disinfec-
tants in a pharmaceutical cleanroom
sanitization program is not support-
able from a scientific basis. The
assumptions that proponents of the
practice asseit as facts. ¢.g. generation
of resistant organisms, greater effica-
¢y of alternating agents, are not sup-
ported by the literature. However,
cven when using a validated disin-
fectunt as part of a well-managed
cleanroom sanitization program. peri-
odic use of a sporicide is a prudent—
even an essentidl—component of the
sanitization program. [t is necded to
address the occasional appearance of
spore-forming organisms in the envi-
ronimental monitoring program and
therefore ensure the cleanest possible
environment for manufacturing, We
necd to clearly describe our practices
and leave behind the inuaccurate

The need for rotation of disinfectants in a
pharmaceutical cleanroom sanitization
program is unsupportable from a
scientific basis.
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phrase “disinfectant rotation,” as it
does not describe the current practice
of an cffective cleanroom sanitization
program and only confuses discussion
of the issues involved.
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