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Resistance of Pseudomonas aeruginosa to gentamicin
P. Chadwick, m.b., b.s., dip. bact. (Lond.), Kingston, Ont.

Summary: The resistance to gentamicin 4 pg./ml. of 250
Pseudomonas aeruginosa isolates was measured by a

proportion method. Twenty-eight (11.2%) of the cultures
fell into the most resistant group, in whose populations
between 10 and 100% of the organisms were resistant.
A relatively high percentage of urinary isolates and
a comparatively low percentage of isolates from respiratory
sources occurred in this group. Three of the 28 were

resistant to carbenicillin 150 /ug./ml. and 6 of 18 tested
were as resistant to gentamicin 8 pg./ml. as they were

to 4 /ug./ml. The distribution of Ps. aeruginosa isolates
between the different grades of resistance did not change
significantly during the 10 months in which the survey
was performed.
R6sume: La resistance du Pseudomonas aeruginosa a la
gentamicine

Les chercheurs ont mesure, par une methode
proportionnelle, la resistance a la gentamicine (4 pg/ml)
de 250 isolats de Ps. aeruginosa. Vingt-et-une des
cultures (soit 11.2%) etaient dans le groupe le plus resistant,
parmi les populations dont les microbes etaient
resistants dans la proportion de 10 a 100%. Dans ce

groupe, on a decouvert un pourcentage relativement
elev6 de specimens urinaires et un pourcentage
relativement faible d'isolats provenant de I'arbre respiratoire.
Trois des 28 isolats etaient egalement r6sistants a la
carbenicilline (150 pg/ml) et parmi les 18 specimens
essayes, 6 etaient aussi resistants a la concentration
de 8 pg/ml de gentamicine qu'ils I'etaient a celle de
4 pg/ml. La distribution des isolats de Ps. aeruginosa
entre les diverses categories de resistance n'a guere
change durant les 10 mois de l'6tude.

Pseudomonas aeruginosa is an opportunist pathogen of
increasing concern in hospitals.1"5 It is responsible for serious
infections of burns and wounds, is one of several agents
causing urinary infections in patients who have some struc-
tural or neurogenic abnormality in the urinary tract, and
is sometimes responsible for pneumonia, meningitis, eye
infections and septicemia. The organism frequently colonizes
other sites such as tracheostomy wounds,6 and remains a

potential pathogen in this situation.
Control of Ps. aeruginosa infections is difficult, partly

because of the inherent resistance of these organisms to
most available antibiotics. At present, gentamicin, colimycin
and carbenicillin are the agents most useful against Ps.
aeruginosat although tobramycin may well compete with
these in the future.7,8
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Various workers have reported Ps. aeruginosa cultures
resistant in vitro to concentrations of gentamicin in excess

of those safely attainable in the blood.9-10 In order to assess

the current prevalence of gentamicin-resistant Ps. aeruginosa
in one area, a survey of Ps. aeruginosa cultures isolated
from specimens received by the Microbiology Laboratory
of Kingston General Hospital was conducted from June
1972 until March 1973.

Materials and methods

Two hundred and fifty Ps. aeruginosa isolates were ob¬
tained from urine, sputum or tracheal secretions, burns,
chronic skin ulcers, ear swabs and a few miscellaneous sites
in patients. Only one isolate from any individual patient
was included in the study. No distinction was made
between Ps. aeruginosa isolates acting as pathogens or

those merely colonizing a patient site. All cultures were

identified as Ps. aeruginosa by a positive oxidase reaction,
gram-negative morphology, oxidative breakdown of glucose
in Hugh and Leifson medium, hydrolysis of arginine,
oxidation of gluconate and reduction of nitrate. Cultures
were pyocine-typed by Tripathy and Chadwick's modifica-
tion11 of the Gillies and Govan method.12

Gentamicin was obtained in powder form as gentamicin
sulfate with a potency of 592 pg./mg. (Schering Corporation
Limited, Pointe Claire, Quebec).

Gentamicin sensitivity was estimated by a quantitative
method described by Chadwick,13 based on the response of
the organism to a critical concentration, 4 pg./ml. Parallel
viable counts, by the Miles and Misra method,14 were

performed on six-hour Mueller-Hinton broth cultures of
each isolate, (a) on agar made from Mueller-Hinton broth
and Bacto-agar and (b) on the same medium containing
gentamicin 4 pg./ml.
The response to gentamicin was expressed in terms of

the proportion of resistant organisms in the total bacterial
population. Different grades of response were defined as

ranges rather than absolute figures, because previous in-
vestigations13 had shown slight variation in response between
replicate cultures set up from the same isolate.

Carbenicillin sensitivity was measured by an agar dilution
method using 0.02-ml. drops from a 10"1 dilution of a

six-hour broth culture as inoculum, and carbenicillin con¬

centrations ranging through seven steps from 12.5 to 150
pg./ml. The basal medium, also used as a control agar,
was made from Mueller-Hinton broth and Bacto-agar, as
for gentamicin. Minimal inhibitory concentrations (MICs)
of carbenicillin, in pg./ml., were defined as the lowest
tested concentration causing significant reduction of growth
on the agar.
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Results

Distribution of responses to gentamicin 4 \Lg./ml. and rela-
tion to source of isolates

The distribution of responses for 250 isolates of Ps.
aeruginosa is shown in Table I. Each grade of response was

represented by a considerable number of isolates, although
the largest number occurred in the 10"6 to 10~5 and the
10~5 to 10~4 groups. The distribution did not change signi¬
ficantly over the 10-month survey period. The most re¬
sistant group, in whose populations 10 to 100% of the
bacteria were resistant, included 28 cultures and made up
11.2% of the total.
The table also shows the distribution, according to source,

of isolates with different grades of response. With the
exception that none of the ear cultures fell into the most
sensitive group, all grades of response were represented
by isolates from all sources. Urinary isolates were relatively
more frequent in the more resistant groups, and those from
the respiratory tract showed a reverse trend, 39 of the 54
(72%) falling into the three most sensitive groups. Of the
isolates classified under septic lesions, 11 of 40 (27.5%)
were in the most sensitive group, while the remainder were
distributed haphazardly between the more resistant grades.
The sources in this group were varied and included super¬
ficial septic lesions such as cellulitis or infected ulcers,
postoperative wound infections, inflammatory lesions in
deeper tissues, and infected burns. However, a breakdown
of isolates into these different subcategories did not show
any distribution of responses different from the main group.

Carbenicillin sensitivity of the 250 isolates
In Table II is shown the carbenicillin sensitivity of the

Ps. aeruginosa isolates with different grades of gentamicin
response. The groups most sensitive and most resistant to

gentamicin showed a higher percentage of their members
resistant to carbenicillin 50 y.g./ml. than did the inter¬
mediate groups. This was also true for the cultures re¬
sistant to more than 150 ji.g./ml. of carbenicillin, although
the numbers involved were smaller.

Features of the most resistant isolates
Some of the associated features of the 28 isolates in the

most resistant group may be derived from Tables I and
II. Seventeen of the 28 (61%) were obtained from urine,
in contrast with 115 of the 250 in the whole series, or
46%. Three isolates (11%) were resistant to carbenicillin
at a level of 150 [xg./ml. and 11 (39%) were resistant to
50 [xg./ml. of this antibiotic. Corresponding percentages
for the whole series were 6 and 20 respectively.

Seven of the 28 isolates showed complete resistance to
gentamicin 4 jjig./ml., in that their viable counts on genta¬
micin and control media were virtually identical. Eighteen
of the 28 were tested for their response to gentamicin
8 {xg./ml. by the same method as used for measuring the
response to 4 jj.g./ml.; six showed more than 10% of their
bacterial populations resistant to the higher concentration.

Only three of the 28 patients from whom these resistant
isolates were obtained had received gentamicin therapy
prior to isolation of the Ps. aeruginosa.

Twelve distinguishable pyocine patterns were found
among the 28 cultures.

Discussion
Garrod and O'Grady15 recommended that for effective

antibiotic therapy the concentration of drug in the blood
should exceed the MIC for that organism by several-fold,
for most of the time between one dose and the next. Darrell
and Waterworth16 have pointed out that a considerable
number of Ps. aeruginosa isolates have an MIC of at least
4 (i.g./ml. Garrod and O'Grady's15 principle could only be

MIC = minimal inhibitory concentration
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realized if the serum gentamicin level were maintained at
a minimum of 8 pg./ml. for much of the time between
doses. Gentamicin concentrations in the serum of the
order of 10 pg./ml. are considered toxic.17 Therefore the
margin between effective therapeutic and toxic concen-
trations is small.

In this study, 11.2% of 250 Ps. aeruginosa isolates
showed a degree of resistance to gentamicin 4 ,g./ml. such
that 10% or more of their bacterial populations grew
normally in the presence of this drug concentration. The
observations presented in this paper suggest that about one
third of the isolates showing this grade of resistance would
be similarly resistant to 8 ug./ml. susceptibility.

Whether a quantitative measure of bacterial sensitivity
to an antibiotic is expressed in terms of minimal inhibitory
concentration or proportional resistance, definition of a
critical level of resistance beyond which no clinical re-
sponse can be expected is difficult. The outcome of anti-
biotic therapy depends not only on the in vitro susceptibility
of the organism but also on the penetration of adequate
quantities of antibiotic to the site of infection, the virulence
of the organisms and the efficiency of host defence
mechanisms such as phagocytosis. The expression of micro-
bial resistance in terms of proportion, as done here, allows
the definition of several grades of resistance to a critical
antibiotic concentration, and may facilitate a study of
clinical response in terms of resistance level. Meanwhile,
it would not be unreasonable to suppose that resistance of
10% or more of the bacterial population to gentamicin
4 Vg./ml. may preclude successful therapy with this agent,
with the reservation that lower grades of resistance, e.g.
involving 1% of the population, may also be significant,
especially if the infecting organisms are relatively inacces-
sible to the antibiotic.
The proportion method for measuring antibiotic sensiti-

vity has been used by Canetti et al8 for Mycobacterium
tuberculosis. These workers considered that the critical pro-
portion of resistant organisms would be 1, 10 or 50%,
depending on the drug concentration used for testing.

Interpretation of the resistance level may require modifi-
cation in the case of urinary infection since the concentra-
tion of gentamicin attained in the urine after therapeutic
doses is much higher than that in the blood. Riff and
Jackson"9 reported that the gentamicin concentration in the
urine of 40 patients with normal renal function, after a
dose of 1.5 mg./kg./day, ranged from 10 to 125 ,ug./ml.
Clearly if the object of therapy is to eradicate organisms
from the urine, measurement of resistance to 4 ,ug./ml.
has no clinical relevance. However, patients with Ps. aerugi-
nosa infections of the urinary tract may have, at some
stage, renal involvement, and are also candidates for septi-
cemia due to invasion of the bloodstream by organisms in
the primary urinary focus. In either event the degree of
resistance of Ps. aeruginosa to attainable blood and tissue
concentrations of gentamicin again becomes important. It
is interesting that, in this investigation, a relatively high
proportion of the 28 isolates in the most resistant group
were obtained from patients with urinary infections. This
may lessen the importance of resistance but does not elim-
inate it.

Besides gentamicin, carbenicillin and polymyxins B and
E are available for therapy of Ps. aeruginosa infections. Car-
benicillin is a nontoxic drug which can be given in doses
of up to 30 g. daily, and will in many instances be the
antibiotic of choice for a Ps. aeruginosa infection. Although
there are several reports20'21 of resistance of Ps. aeruginosa,
isolated from patients, to high concentrations of carbenicillin,
other workers22'23 have reported a synergistic effect between
gentamicin and carbenicillin, suggesting that significant re-
sistance to gentamicin or carbenicillin may be overcome by

using a combination of these two agents. This combination,
however, will not be appropriate for a patient with a history
of allergy to penicillins. The choice here may be between
a polymyxin or tobramycin.
A point of great concern to those involved in the manage-

ment of infectious disease is the possibility of increasing
prevalence of antibiotic-resistant pathogenic bacteria. This
is already a problem with certain types of enterobacteria
resistant to many antibiotics by virtue of their transmissible
R-factors..4... Ps. aeruginosa has not been prominent in
papers on infectious drug resistance but in a few instances
R-factor-determined resistance in this organism has been
reported.27'28 It is important at the present time to be aware
of trends towards increasing resistance, so that suitable
modification of antibiotic policies may be made. This inves-
tigation demonstrates that there is, in this area, a small focus
of gentamicin-resistant Ps. aeruginosa which does not appear
to be increasing in extent, but which may be a cause for
concern in future years.
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