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Plasmid Determined Beta-Lactamases in Carbenicillin-
Resistant Pseudomonas aeruginosa and Cross-Resistance to
Other Beta-Lactam Antibiotics

Faridah Moosdeen, M.D.*

Abstract Beta-lactamases from 209 carbenicillin-resistant clinical isolates of Pseudomonas aeruginosa
were identified. Each strain was isolated within a one-year period at different times and from different
wards to exclude using the same strains being tested. Crude beta-lactamase preparation was obtained
by sonication and centrifugation. These enzymes were identified by isoelectric focusing, using known
enzymes as standard markers. Sensitivity to ticarcillin, piperacillin, cefotaxime, cefoperazone, ceftazidime
and imipenem was performed by the disc method. Amongst the plasmid-mediated enzymes found in
these strains were PSE 1 (65.4%), PSE 2 (3.9%), PSE 3 (1.5%) and TEM 1 (0.5%). 48.5% of the
strains contained detectable chromosomal enzyme, either alone or in combination with the plasmid
enzymes. 28.7% of strains produced chromosomal enzyme only. Imipenem was very active against
these strains although 3.6% were resistant. 82.5% of strains were susceptible to ceftazidime, 56.1%
to cefotaxime, 31.8% to piperacillin, 25.6% to cefoperazone and 10.9% to ticarcillin. Strains which
were resistant to these antibiotics also showed varying degrees of cross resistance to beta-lactam
antibiotics tested. (J Infect Dis Antimicrob Agents 1994;11:137-40.)
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INTRODUCTION

Pseudomonas aeruginosa strains are normally
susceptible to the carboxypenicillins and the ureidopeni-
cillins amongst the penicillins. As such, these antibiotics
are often used in the therapy of infections caused
by these organisms. Resistance, however, may occur
and is mediated by either enzymes or by non-enzymatic
mechanisms (1) or by a combination of these
mechanisms (2).

Carbenicillin is stable to the chromosomal enzyme
of Pseudomonas aeruginosa. Decreased permeability
as a cause of resistance to carbenicillin has been found
in about 8% of clinical isolates and that caused by
plasmid-mediated enzymes in 2% of isolates (3).

Strains of Pseudomonas aeruginosa resistant to
carbenicillin were selected to assess the types of plasmid
mediated enzymes present. The knowledge of the
prevalence of these enzymes in these strains may enable
the clinician to make a good choice of an alternative
antibiotic in the management of infections caused by
such organisms.

MATERIALS AND METHODS

Organisms : 209 strains of Pseudomonas aeruginosa
resistant to carbenicillin (tested by standard disc suscep-
tibility method) were selected. These strains were isolated
from clinical specimens in the General Hospital, Kuala
Lumpur over a one year period and only one isolate from
a patient was included.

Identification of beta-lactamases : The organisms
were grown in overnight cultures and the cells collected
by centrifugation. Crude extracts of enzymes were
obtained through sonication of these cells and a final
centrifugation in an Eppendorf centrifuge. The
supernatant was used in the identification of
enzymes. lIdentification of the beta-lactamases was
performed by isoelectric focusing (4) using nitrocefin
as the indicator and known beta-lactamases used as
standards and for comparison.

Susceptibility to beta-lactam antibiotics : The
method used was the disc diffusion method, with
Mueller-Hinton agar and using standardised inoculum
(5). Ticarcillin (75 pg), piperacillin (100 ug), cefotaxime
(30 ng), ceftazidime (30 pg), cefoperazone (75 ug)
and imipenem (10 ug) were tested against the organisms.
Pseudomonas aeruginosa NCTC 10662 was used as
control.

RESULTS

The susceptibility of the strains tested against
various beta-lactam compounds is shown in Figure 1.
The strains were most susceptible to imipenem (96.4%).
Ceftazidime managed to kill 82.5% of strains, cefotaxime
- 56.1% and piperacillin - 31.8%. Cefoperazone and
ticarcillin (another carboxy-penicillin) were less active;
resistance to these antibiotics was 74.4% and 89.1%
respectively.

The types of enzymes produced by the various
strains is shown in Figure 2. Detectable chromosomal
enzyme were found in 47.8% of strains. The chromosomal
enzymes were produced alone (28.7%) or together with
plasmid-mediated enzymes of types PSE 1, PSE 2 and
PSE 3. Plasmid-mediated enzymes were present in 71.3% of
strains. They were of types PSE 1 to 3 and TEM enzymes.
PSE 1 enzyme was produced by 65.4%, PSE 2 by 3.9%
and PSE 3 by 1.5% of strains. PSE 1 alone was produced
by 47.3% of strains. TEM 1 was produced alone in 1
(0.5%) of strains.

Cross resistance of these carbenicillin-resistant
Pseudomonas aeruginosa to other beta-lactams is shown
in Table 1. There was great variation of cross resistance
shown. Strains resistant to cefoperazone were also most
resistant to piperacillin (88.5%). In these strains
(cefoperazone/piperacillin-resistant) cefotaxime was not
active against 40%-42% of the strains. Cefotaxime
resistant strains (n = 98) were also resistant to ceftazidime
in 36.7% of strains, although ceftazidime-resistant strains
(n=39) showed 92.3% cross resistance to cefotaxime.
There were eight strains resistant to imipenem with six
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Figure 1. Susceptibility of carbenicillin-resistant strains of
Pseudomonas aeruginosa against beta-lactams.

Table 1.
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Figure 2. Types and frequency of beta-lactamases found in
carbenicillin-resistant Pseudomonas aeruginosa.

Antibiotic cross resistance shown by carbenicillin-resistant
Pseudomonas aeruginosa

Main resistance Cefoperazone Piperacillin Cefotaxime Ceftazidime Imipenem
(number of strains)

Cefoperazone (166) — 88.5% 42.8% 19.9% 3.0%
Piperacillin (152) 96.7% — 40.7% 18.4% 2.0%
Cefotaxime (98) 72.4% 63.2% — 36.7% 6.1%
Ceftazidime (39) 84.6% 71.8% 92.3% — 2.6%
Imipenem (8) 62.5% 37.5% 75.0% 12.5% —

strains also being resistant to cefotaxime, five strains
resistant to cefoperazone, three strains resistant to
piperacillin and one strain resistant to ceftazidime.

DISCUSSION

Resistance to the carboxy group of penicillins by
Pseudomonas aeruginosa is usually caused by plasmid-
mediated beta-lactamases (6). Carbenicillin is stable to
chromosomal enzymes. In this study however 28.7%
of strains producing these chromosomal enzymes were
resistant to carbenicillin. The mechanism for this
resistance may probably be due to impermeation and this
form of resistance had been reported by Rodriguez-Tebar
et al. (7). It was the main mechanism of resistance of
isolates to carbenicillin in England in a study conducted
in 1984 (3). An altered target mechanism may also be
possible. Further studies on these strains should be

conducted to obtain exact mechanisms.

Amongst the plasmid-mediated enzymes found in
these strains are TEM 1, PSE 1, PSE 2, and PSE 3.
Other enzymes which may also be produced by
Pseudomonas aeruginosa such as OXA and other TEM
enzymes were not present. PSE 4 was also not present. In
the United Kingdom, PSE 4 was the most common
enzyme present (51.4%) (3). In this study however PSE 1
was the most common (65.4%), followed by PSE 2
(3.9%), PSE 3 (1.5%) and TEM | (0.5%). PSE 1
enzyme was also the most common present in strains
found in Spain (49.3%) and France (73%) (8,9).

The prevalence of resistance of Pseudomonas
aeruginosa to beta-lactams varies from place to place .
and from country to country. Data obtained from this
small study cannot be compared directly with published
data as the strains in this study comprised of carbenicillin-
resistant strains only. Neu (10) reported that 30% of
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carbenicillin-resistant strains were also resistant to
cefoperazone. This study found that 74.7% of strains
were resistant to cefoperazone. Neu however, did not
mention the types of enzymes found.

The presence of plasmid-mediated enzymes will
affect the susceptibility of organisms to piperacillin
and cefsulodin, but not against cefotaxime or ceftazidime.
The derepressed state of the organism with the production
of high levels of chromosomal enzyme can however
inactivate cefotaxime and ceftazidime (11). This study
showed that 74.4% and 68.2% of strains were resistant
to cefoperazone and piperacillin respectively, which may
be due to plasmid-mediated enzymes present in 71.3%
of strains; compared to 43.9% of strains being resistant
to cefotaxime or 17.5% to ceftazidime due to the presence
of chromosomal enzymes in 47.8% strains.

3.6% of strains were resistant to imipenem. Imper-
meation caused by deficiency in D2 porin (12) or enzymes
which  hydrolyse imipenem slowly, found also in
Pseudomonas aeruginosa (13) may be the possible
mechanisms of resistance. Such enzymes, the carba-
penemases, have also been found in Serratia marcescens,
Xantomonas maltophilia, Aeromonas sp., Legionella
and Flavobacterium sp. (14,15,16) and the anaerobic
Bacteroides (17,18).

Most of the strains tested were resistant to
cefoperazone and piperacillin (74.4% and 68.2%
respectively). Of these strains about 40% were also
resistant to cefotaxime; and about 37% of cefotaxime
strains were resistant to ceftazidime. This implies that
neither of these antibiotics (cefoperazone, piperacillin
and cefotaxime) should be alternates against carbenicillin-
resistant Pseudomonas aeruginosa strains. When strains
are resistant to ceftazidime, only imipenem seemed to be
the alternate beta-lactam, although about 2.6% will
still be resistant. On the other hand, of the imipenem
resistant strains, some (87.5%) will still be susceptible to
ceftazidime. It will therefore be crucial to test
Pseudomonas aeruginosa isolates against a battery of
beta-lactam compounds : piperacillin, cefoperazone,
ceftazidime and imipenem, as dictated by antibiotic usage
within the hospital setup to ascertain choice for treatment
and also to monitor resistance.

It will also be of interest if a beta-lactamase-
inhibitor combination, such as clavulanate-ticarcillin,
sulbactam-cefoperazone or tazobactam-piperacillin
should be used against these strains. In this way perhaps,
the prevalence of such plasmid-mediated enzymes shall
be made to decrease.

Sep. - Dec. 1994

References

1. Livermore DM, Williams RJ, Davy KWM. Cephalosporin
resistance in Pseudomonas aeruginosa, with special reference to
the proposed trapping of antibiotics by beta-lactamase.
Chemioterapia 1985;4:28-35.

2. Stratton CW, Tausk F. Synergistic resistance mechanism in
Pseudomonas aeruginosa. Antimicrob Chemother 1987;19:413-6.

3. Williams RJ, Lindridge MA, Said AA, Livermore DM, Williams
JD. Mechanisms of beta-lactam resistance in British isolates of
Pseudomonas aeruginosa. J Med Microbiol 1984;17:283-93.

4. Matthew M, Harris A, Marshal MJ, Ross GW. The use of
analytic isoelectric focusing for detection and identification of
beta-lactamases. J Gen Microbiol 1975;88:169-78.

5. Moosdeen F, Williams JD, Secker A. Standardization of
inoculum size for disc susceptibility testing: a preliminary report of
a spectrophotometric method. J Antimicrob Chemother 1988;21:
439-43.

6. Jacoby GA, Sutton L, Medeiros AA. Plasmid determined beta-

lactamases of Ps. aeruginosa. In: Nelson JD, Grassi C, ed. Current

chemotherapy and infectious disease. Washington, DC: American

Society for Microbiology, 1980:769-71.

. Rodriguez-Tebar A, Rojo F, Damaso D, Vazquez D. Carbenicillin

resistance of Pseudomonas aeruginosa. Antimicrob Agents
Chemother 1982:22:255-61.

8. Jouvenot M, Bonin P, Michel-Brian Y. Frequency of beta-
lactamases that are markedly active against carbenicillin in
Pseudomonas aeruginosa strains isolated in a medical school
hospital. J Antimicrob Chemother 1983;12:451-8.

9. Tirado M, Roy C, Segura C, Reig R, Hermida M, Foz A. Incidence
of strains producing plasmid determined beta-lactamases among.
carbenicillin-resistant Pseudomonas aeruginosa. J Antimicrob
Chemother 1986;18:455-8.

10. Neu HC. Comparative activity and beta-lactamase stability of
cefoperazone, a piperazine cephalosporin. Antimicrob Agents
Chemother 1979;16:150-7.

11. Livermore DM, Williams RJ, Williams JD. Comparison of the
beta-lactamase stability and the in vitro activity of cefoperazone,
cefotaxime, cefsulodin, ceftazidime, moxalactam and ceftriaxone
against Pseudomonas aeruginosa. J Antimicrob Chemother 1981;
8:323-31.

12. Lee EH, Jarlie MH, Kitzis MD, Pialoux G, Collatz E, Guttman
L. Association of two resistance mechanisms in a clinical isolate of
Enterobacter cloacae with high-level resistance to imipenem.
Antimicrob Agents Chemother 1991;35:1093-8.

13. Livermore DM. Carbapenemases. J Antimicrob Chamother 1992;
29:609-16.

14. Sato K, Fujii R, Okatomo R, Inoue M, Mitsuhashi S. Biochemical
properties of B-lactamase produced by Flavobacterium odoratum.
Antimicrob Agents Chemother 1986;17:612-4.

15. Fujii T, Sato K, Miyata K, Inoue M, Mitsuhashi S. Biochemical
properties of B-lactamase produced by Legionella gormanii.
Antimicrob Agents Chemother 1986;29:925-6.

16. Yang YJ, Wu PJ, Livermore DM. Biochemical characterization
of a B-lactamase that hydrolyzes penems and carbapenems from
two Serratia marcescens isolates. Antimicrob Agents Chemother
1990;34:755-8.

17. Yotsuji A, Minami S, Inoue M, Mitsuhashi S. Properties of novel
B-lactamase produced by Bacreroides fragilis. Antimicrob Agents
Chemother 1983;24:925-9.

18. Cuchural GJ, Malamy. MH, Tally FP. B-lactamase-mediated
imipenem resistance in Bacteroides fragilis. Antimicrob Agents
Chemother 1986;30:645-8.



