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and Pseudomonas, where MICs substantially higher
than those of the control strain were recorded for the
cationic antiseptics.

In deciding whether strains are resistant or
sensitive to antiseptics or disinfectants, it is difficult
to know what criterion to apply. With antibiotics it
is usual to designate organisms as resistant if they
are able to multiply in the maximum concentration
of the drug attainable at the site of the infection.
This sort of yardstick is clearly not applicable where
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Sensitivity of the isolates to chlorhexidine.

antiseptics and disinfectants are concerned. For the
purpose of this study it was decided that if the MIC
value for an organism was greater than the con-
centration of the agent normally recommended for
routine use, then that isolate was designated as
resistant. When this criterion is applied (Table 2) it
appears that all the isolates were sensitive to
glutaraldehyde, the phenolic mixture, and phenyl-
mercuric nitrate. A small percentage of the total were
resistant to the cationic agents.
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Table 2  Percentage of isolates of each species with MIC values greater than the normal recommended use
concentration of each antibacterial

Organism Chlorhexidine Cetrimide Picloxydine mixture Glutaraldehyde Phenolic mixture Phenyl mercuric
MIC > 500 ug/ml MIC > 1000 pg/ml MIC > 0:625% viv MIC > 2% v[v MIC > 2% v|v nitrate
MIC > 20 ug/ml

E. coli 0-0 00 00 00 0-0 0-0
Klebsiella 1-8 0-0 09 00 0-0 0-0
Proteus 387 22 359 00 00 00
P. stuartii 83-3 29-2 75-0 0-0 0-0 0-0
Ps. aeruginosa 457 65-7 60-0 0-0 0-0 0-0
Others 3-8 38 . ¥ 7-6 00 00 00
% of total No. 13-7

44 - 130 00 00 00
of isolates .
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Fig. 3 Sensitivity of the isolates to the picloxydine preparation.

A comparison between the chlorhexidine sen-
sitivity of isolates from hospital inpatients and those
from general practice and antenatal clinics is shown
in Figure 7. It is clear that resistant organisms are
mainly found in infections originating in hospital.

Discussion

The variety of Gram-negative species isolated and
tested in this survey reflects the range of organisms

that have been reported to be responsible for acute,
chronic, and hospital-acquired urinary infection ;8910
the most common organism, E. coli, proved to be
extremely sensitive to all the antibacterials, the MIC
values recorded for the isolates being equivalent to
that of the control culture collection strain E. coli
10418 and well below the normally recommended
use concentrations for the six agents.

The criterion used to describe strains as resistant
was an MIC greater than the normally used con-
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Fig. 4 Sensitivity of the isolates to the phenolic agent.

centration of the agent. Although it was fully
realised that the MIC value for a disinfectant may
not represent the concentration that will be effective
in practice, some support for the relevance of such a
standard was provided by Thomas er al.ll who
showed that urine-grown cultures of organisms with
MICs of chlorhexidine > 800 ug/ml survived well
when challenged with the recommended level of this
antiseptic. When the criterion was applied to the
results of this survey it can be seen that the resistance

was limited to the cationic agents and to the genera
Proteus, Providencia, and Pseudomonas. There have
been previous reports of this phenomenon. Chlor-
hexidine resistance has been reported in a Pseudo-
monas sp. 12, Ps. aeruginosa,'® Pr. mirabilis,314 and
P. stuartii. In all these instances, the organisms were
isolated from sources where they had been exposed
to the antiseptic. In the present survey, Fig. 7
shows that the resistant strains came predominantly
from inpatient infections. In fact, the majority came
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Fig. 5 Sensitivity of the isolates to glutaraldehyde.

from chronic infections in geriatric or paraplegic
patients. Infections in these cases are often with
mixed populations, and the observation that the
antiseptic-resistant organisms were also generally
resistant to five, six, or seven antibiotics (Figs 1-3)
leads to speculation that the challenge of such a
mixed culture with, for example, an instillation of
chlorhexidine into the bladder might result in the
selection of the chlorhexidine-resistant, drug-
resistant species.

The general conclusion from the survey is that
resistance to antiseptics and disinfectants is not a
widespread phenomenon in organisms that are
responsible for urinary tract infections. Resistance
appears to be limited to the genera Pseudomonas,
Proteus, and Providencia and to the cationic anti-
septics. The resistant strains in this survey were
mostly isolated from patients in whom chlorhexidine
was being used to wash down the urethral meatus
before insertion of a bladder catheter. A chlorhexi-


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

Antiseptic and antibiotic resistance in Gram-negative bacteria causing urinary tract infection 295
MIC of Multiplicity
E. coli 10418 of
antibictic
resistance
50+ 02 ug /ml. 0
8)
E S—— - I-—I ——
L
S 50- - 5
(V] 1 ?
L
" 7
o — W T — .| <q ¥
S
o]
2 50- - 6
5 E 2
V
s | . R
7
4
RJ L) E ) | 1]
€01 02 05 10 20 40 €01 02 05 10 20 40

MIC PMN (ug/ml)

Fig. 6

dine-containing cream was used to facilitate the
passage of the catheter through the uretha, and in
some cases the antiseptic was incorporated into the
urine drainage bag. These observations, together
with an examination of the antibiotic resistance
patterns of the isolates, have led us to the con-
clusion that an antiseptic policy which relies on the
intensive use of cationic antiseptics such as chlor-
hexidine could well result in the selection of a
flora of notoriously drug-resistant species.

Sensitivity of the isolates to phenyl mercuric nitrate (PMN),

The recent report!® that resistance to the anti-
septic hexachlorophane in Ps. aeruginosa was
determined by an extrachromosomal element which
also carried the genes for sulphonamide and gen-
tamicin resistance has important implications and
has led us to consider whether the observed cor-
relation between antibiotic and cationic antiseptic
resistance has a basis in an association of the
resistance genes. The possibility of such a relation-
ship existing between the genetic factors for chlor-
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Fig. 7 A comparison of the chlorhexidine sensitivity
of isolates from inpatients and outpatients.

hexidine and antibiotic resistance in P. stuartii is now
under investigation in this laboratory.
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