Differential Potential for the Disinfectant Benzalkonium Chloride (BZK) and the Antiseptics Chlorhexidine
(CHX) and Omiganan Pentahydrochloride to Serve as Resistance Selectors in the Hospital Environment

ABSTRACT

Background: Continuous environmental exposure of pathogens to
BZK (quaternary disinfectant) and CHX (skin antiseptic replacing
jodaphors) in the hospital is a recognized risk factor for resistance
emergence through selection for gac-containing class 1 integrons in
Gram-negative bacilli and plasmids with gac or smr genes in S. aureus
(SA). Development of a novel cationic peptide, omiganan, as an
alternative skin antiseptic for the prevention of catheter-site infections,
may prove beneficial in limiting R emergence. We summarize results
comparing BZK, CHX and omiganan MIC and MBC values during a
serial passaging experiment.

Methods: Tested strains including 4 SA (2 oxacillin-R [MRSA]) and 4
PSA (2 carbapenem [CARB]J-R via VIM-1 and IMP-13) were serially
passaged for 7 days using growth one log, dilution below the MIC for
subsequent inocula. MBC values were assessed by plating all wells >
MIC and assessing for >99.9% inoculum reduction. All isolates were
susceptibility (S) tested using CLSI methods.

Results: While evidence of adaptive R or tolerance did not appear (see
Table), BZK MIC and MBC values were markedly increased (8-fold) in
both integron-containing (CARB-R) PSA over those of wildtype strains.
Four-fold MIC and MBC increases following passaging were noted with
CHX, occurring in wildtype SA and PSA strains. Omiganan showed 4-
fold MBC increases following passaging in two PSA but no MIC
increased over 2-fold.

MIC/MBC (ug/ml)
BZK CHX Omiganan

Organism Day 1 Day 8 Day 1 Day 8 Day 1 Day 8
S. aureus

MSSA, QC strain 2/4 2/4 1/2 2/2 16/16 32/64

MSSA, Wildtype 1 2/4 2/8 1/2 2/4 16/16 8/16

MRSA, Wildtype 2 8/8 8/8 1/1 4/4 16/32 16/32

MRSA, Wildtype 3 2/8 4/8 2/4 4/4 32/64 32/64
P aeruginosa

CARB-S, QC 64/128 64/128 4/8 8/16 128/128 256/512

CARB-S, Wildtype 64/64 64/64 4/8 16/32 64/128  64/128

CARB-R, VIM-1 512/512 512/512 8/8 16/16 128/256 256/512

CARB-R, IMP-13 512/512 512/512 8/32 16/32 256/256 512/1024

Conclusions: Widespread use of disinfectants and antiseptics in the
hospital environment poses risks for resistance emergence. As shown
here BZK MIC and MBC values were markedly increased (8-fold) in
PSA with gac-containing class 1 integrons compared with wildtype
strains. Likewise, both MIC and MBC values for CHX were increased
4-fold following passaging with wildtype SA and PSA strains. Use of
an agent such as omiganan limited to patient topical applications at
the clinical formulation concentration (1%; 10,000 pg/ml) may offer
benefits of a broad-spectrum (bacteria and yeast) skin antiseptic but
without concern for environmental R selection recognized with commonly
used biocides.

INTRODUCTION

Given the widespread hospital use of quaternary ammonium compound
(QAC) disinfectants and chlorhexidine (skin antisepsis replacing iodaphors),
selection for class 1 integrons in Gram-negative bacilli and plasmids with
gac or smr genes in Staphylococcus aureus could inadvertantly enrich
the hospital environment with multidrug-resistant organisms. Selection
for these resistance integrons and plasmids can occur in environments
contaminated with disinfectants and perhaps, antiseptics, but conversely,
can also be selected for by antimicrobial agents (B-lactams,

aminoglycosides, sulfonamides, etc). Recent publications suggest that
increased resistance to fluoroquinolones, broad-spectrum B-lactams and
aminoglycosides, as observed in the routine antibiogram, can predict
susceptibility to chlorhexidine. Other investigations have documented
that class 1 integron incidence was significantly higher among bacterial
populations that were pre-exposed to QACs, and that selection for QAC
resistance may cause co-selection for antimicrobial resistance.

As a result, concern has been voiced over the potential for producing a
reservoir of resistance in hospital environments following continuous low-
level exposure to such chemical agents, and the threat this creates for
the control of nosocomial infections. Utilization of agents that lack
resistance selection (including cross-resistance) and emergence potential,
IS a critical approach that is heeded to diminish the burden of such
hospital-acquired infections.

We present results for a pilot evaluation to characterize the potential for
key clinical pathogens to develop resistance to a disinfectant (benzalkonium
chloride), an antiseptic (chlorhexidine) and omiganan pentahydrochloride
following sublethal exposure; and secondly to determine bactericidal
activity of these compounds prior to, and following, exposure to the
respective agents. Omiganan is a novel cationic peptide being developed
as a topical agent for prevention of catheter-site infections.

MATERIALS AND METHODS

Organisms studied: Tested species included methicillin-susceptible (107-
1150D and ATCC 29213) and methicillin-resistant S. aureus (81-1476A
and 2-1108A); and wild-type (66-728C and ATCC 27853) and metallo-[3-
lactamase-producing P, aeruginosa (86-10088A [VIM-1 positive] and 86-
14571A [IMP-13 positive)).
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Susceptibility test methodologies: Tested agents included benzalkonium

chloride (Sigma Chemical; testing range, 2048 to 1 ug/ml), chlorhexidine
dihydrochloride (Sigma Chemical; testing range, 512 to 0.25 pg/ml) and
omiganan pentahydrochloide (Cadence Pharmaceuticals; testing range,
2048 to 1 yg/ml). MIC values for these agents were determined using
reference broth microdilution methods as specified in CLSI document
M7-A7 (2006). Inoculum preparations, assay performance and quality
control (QC) guidelines were those specified in CLSI M7-A7 (2006), M100-
S17 (2007) and for omiganan, Anderegg et al (2004).

Selection of resistance: Organisms were serially passaged for seven days

by selecting wells one dilution below the MIC (last well with growth) and
using this growth to prepare the inoculum for subsequent testing; MIC

values were recorded dalily.

MBC values were assessed for benzalkonium chloride, chlorhexidine
dihydrochloride and omiganan at the beginning and the end of the
experiment by plating the broth from the MIC well and from those log,
dilutions above the MIC for each organism onto appropriate drug-free
growth media. Quantitative colony counts were subsequently performed
on the starting inoculum at the time the MIC test was performed. The
lowest concentration of antimicrobial agent that killed >99.9% of the
starting test inoculum was defined as the MBC endpoint (NCCLS M21-
A and M26-A).

RESULTS

e Results of daily quality control for omiganan tested with S.
aureus ATCC 29213 and P. aeruginosa ATCC 27853 were
within limits as specified by Anderegg et al (2004).

e Both MRSA strains had baseline MIC values for chlorhexidine
and omiganan that were equal to, or two-fold higher than

those of the susceptible (MSSA) strains (Table 1).

One MRSA benzalkonium MIC value was four-fold higher than
for methicillin-susceptible strains. Chlorhexidine MIC values
for all four strains increased two- to four-fold during passaging
whereas only one strain each displayed a two-fold MIC increase
for benzalkonium and omiganan.

Also, two, one and one S. aureus strains showed MBC value
increases for chlorhexidine (two- and four-fold), benzalkonium
(two-fold) and omiganan (four-fold), respectively.

Benzalkonium chloride MIC values for the carbapenem-resistant
P aeruginosa were markedly higher (eight-fold) than for
susceptible strains; two-fold higher for chlorhexidine; and two-
to four-fold higher for omiganan.

MIC and MBC values for chlorhexidine increased for all P
aeruginosa strains during passaging (two- to four-fold). MIC
and MBC values for omiganan also increased during passaging
in three of four strains (two-fold and two-to four-fold,
respectively).

Table 1. Determination of MIC and MBC values for S. aureus and
P aeruginosa following exposure to either benzalkonium
chloride, chlorhexidine dihydrochloride or omiganan
pentahydrochloride in a seven-day passaging experiment.

MIC/MBC (ug/ml)

Benzalkonium-Cl Chlorhexidine Omiganan

Organism?® Day 1 Day 8 Day 1 Day 8 Day 1 Day 8
S. aureus

MSSA, QC strain 2/4 2/4 1/2 2/2 16/16 32/64

MSSA, Wildtype 1 2/4 2/8 1/2 2/4 16/16 8/16

MRSA, Wildtype 2 8/8 8/8 1/1 4/4 16/32 16/32

MRSA, Wildtype 3 2/8 4/8 2/4 4/4 32/64 32/64
P aeruginosa

CARB-S, QC 64/128 64/128 4/8 8/16 128/128 256/512

CARB-S, Wildtype 1 64/64 64/64 4/8 16/32 64/128 64/128

CARB-R, VIM-1 512/512 512/512 8/8 16/16  128/256 256/512

CARB-R, IMP-13 512/512 512/512 8/32 16/32  256/256 512/1024

a. MSSA = methicillin-susceptible S. aureus; MRSA = methicillin-resistant S. aureus; CARB-S = carbapenem-
susceptible; CARB-R = carbapenem resistant.
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CONCLUSIONS

While evidence of adaptive resistance or tolerance did not
appear in P aeruginosa, benzalkonium chloride MIC and
MBC values were markedly increased (eight-fold) in both
strains exhibiting gac-containing class 1 integrons
(carbapenem-resistant) over those of wildtype strains.

Likewise, both MIC and MBC values for chlorhexidine
were increased two- to four-fold following passaging of
wildtype S. aureus and P aeruginosa strains.

Omiganan showed four-fold MBC increases following
passaging in two P, aeruginosa strains but no MIC increased
more than two-fold.

Use of an agent such as omiganan limited to patient topical
applications at the clinical formulation concentration (1%;
10,000 pg/ml) may offer benefits of a broad-spectrum
(bacteria and yeast) skin antiseptic with the added benefit
of not being a concern for environmental resistance
selection often recognized with commonly used biocides.
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