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Carbenicillin sensitivity of Ps aeruginosa

Table 2 Relative activities of carbenicillin and ticarcillin
against 438 strains of Pseudomonas aeruginosa
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Table 3 Distribution of sensitive strains of
Pseudomonas aeruginosa

-fold increase in activity of ticarcillin Hospital No. of strains Y, Strains inhibited by
compared with carbenicillin* tested
Carbenicillin Ticarecillin
05 1 2 4 8 125 pg/ml 50 p.g/ml
No. of strains 8 48 214 155 13 1 32 100 100
% 2 11 49 35 3 2 43 81 84
3 49 61 61
et g CATDCRGIDMIC p “ & u
C from —rcillin MIC 'oF each strain. 6 53 89 91
7 50 78 76
. - 8 98
resistance to carbenicillin (MIC > 1000 ug/ml) were 4 §2 84 33
equally resistant also to ticarcillin. 10 40 88 95
A comparison of MIC values of the penicillins Total 438 85 87

against the current isolates with those reported
originally for the compounds shows that there had
been only a relatively small increase in the incidence
of resistant strains (Table 1). Thus, in 1967, 7% of
the strains tested were not inhibited by 125 ug
carbenicillin/ml, while in 1978/79 159, of the strains
were resistant to this concentration of carbenicillin.
However, although the incidence of resistance was
relatively unaltered, there was a change in that in
1967 all strains were inhibited by 250 ug carbenicillin/
ml, whereas 69; of the current isolates were not
sensitive to this concentration and 39, of the total
were resistant to 1000 pg carbenicillin/ml. Bio-
chemical studies revealed that the strains with a
high level of resistance (MIC > 1000 pg/ml) possessed
B-lactamases capable of destroying carbenicillin and
ticarcillin (see below).

Although the overall incidence of resistance to
carbenicillin (159%) and ticarcillin (139%,) remained
low there was considerable variation in the propor-
tion of resistant strains in the individual hospitals
(Table 3). In most cases the incidence of resistance

lay between 10 % and 20 9; of isolates, but in hospital
3 two-fifths of the strains were relatively insensitive
to the penicillins. On the other hand, in two of the
hospitals (1 and 5) all isolates tested were sensitive
to carbenicillin and ticarcillin.

DISC SENSITIVITY TESTS

Data in Table 4 show the correlation between MIC
values and the results of the antibiotic disc sen-
sitivity tests. Overall, there was relatively good
correlation between the results of the disc tests
carried out in this study and the MIC values. With
carbenicillin, 829, of the 365 strains sensitive to
125 pg carbenicilin/ml were classified as being
sensitive to the 100 ug carbenicillin disc, and the
remainder (save one strain) were classified as being
moderately sensitive to the carbenicillin disc. The
performance of the ticarcillin disc was slightly
better in that 909, of the 372 strains inhibited by
50 pg ticarcillin/ml were considered to be sensitive to

Table 4 Correlation between results of serial-dilution (MIC) tests and antibiotic disc sensitivity tests

Hospital Number of strains
Carbenicillin Ticarcillin
MIC 100 g disc MiIC 75 u.g disc
< 125 pg/ml < 50 ug/ml
MS R MS R
1 31 20 11 0 32 29 3 0
2 34 25 (22)* 9 0 35 31 4 0
3 29 27 (21) 2 0 29 26 3 0
4 39 28 (29) 11 0 38 35 3 0
5 16 13 (13) 3 0 16 13 3 0
6 46 42 (3) 4 0 47 46 1 0
7 39 36 (32) 3 o 38 36 2 0
8 49 35 (40) 13 1 49 42 7 0
9 47 44 (30) 3 V] 50 44 6 0
10 o35 31— 4 0 38 31 7 0
Total : 365 301 63 1 372 333 39 (1]
(827%) (640)* 90%)

*Number of strains reported sensitive by hospital laboratory.
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the 75 pg ticarcillin disc, the remaining 109, being
classified as moderately sensitive. The results of the
disc sensitivity tests reported by eight hospital
laboratories showed that 190 of 253 strains inhibited
by 125 ug carbenicillin/ml were reported to be
sensitive to the 100 ug carbenicillin disc, an overall
correlation of 649, correct results. There was
considerable variation among the laboratories,
ranging from 79; to 829 correlation between the
disc tests and MIC values (Table 4).

B-LACTAMASES

The B-lactamases produced by 17 carbenicillin-
resistant isolates (MIC > 125 ug/ml) are shown in
Table 5. Identification was based upon Iso-Electric
Focusing (IEF) characteristics and by substrate-
profile data.! All organisms (except strain 13)
produced an inducible enzyme with a high iso-
electric point (pI 7-9-8-8) and the six strains possess-
ing this enzyme solely gave substrate profiles
corresponding to that obtained with the Sabath type
B-lactamase. The rest of the strains produced a
variety of constitutive B-lactamases which were
identified tentatively as the Dalgleish enzyme, TEM
1, the isoxazolyl-hydrolysing enzymes OXA 1 and
OXA 2, and enzymes in strains 9, 10, and 11 which
might have been either RMS 13911 or RPL 11,12 as
these latter have identical pIs (5-7) and similar
substrate profiles. The six strains producing the
Sabath B-lactamase exclusively were usually less
resistant to carbenicillin (M1C 250-1000 pg/ml) than
the strains that also possessed constitutive S-
lactamases (MIC > 1000 pg/ml).

Discussion

In an early publication on carbenicillin from this

King, Farmer, Reading, and Sutherland

laboratory, it was reported that 949 of 206 strains
of Ps aeruginosa isolated in the UK in 1967 were
inhibited by 125 ug carbenicillin/ml.1® The results
reported here show an apparent slight reduction in
the incidence of sensitivity, 85 % of the 438 strains of
Ps aeruginosa tested being inhibited by 125 ug
carbenicillin/ml, but there appears to have been no
great increase overall in the incidence of carbenicillin-
resistant strains of Ps aeruginosa in the UK since the
introduction of the compound in 1967. This finding
is in agreement with the results of a recent survey in
four hospitals in the United States where 86%; of
718 isolates of Ps aeruginosa were reported to be
sensitive to 128 ug carbenicillin/ml.13 However, there
was considerable variation from hospital to hospital,
ranging from 39 9 of strains resistant in one hospital
to 1009 sensitivity in two hospitals, which may
reflect the volume of usage and type of patient or
infection treated.

The isolation of strains with high-level resistance
to carbenicillin and possessing constitutive f-
lactamases capable of inactivating the compound, in
addition to the Sabath enzyme typical of this
organism,8 was reported in 19703 4 but only one-fifth
of the carbenicillin-resistant strains studied here
were found to have enzymes of this type. The
majority of strains classified as being resistant
showed MIC values of 250-1000 ug carbenicillin/ml
and possessed only the inducible Sabath enzyme,
against which carbenicillin is relatively stable. In
view of the small numbers of resistant strains
isolated, demonstration of the presence of five
different constitutive S-lactamases in the 17 strains
studied is unexpected. The pattern of distribution
appears to suggest that a single enzyme type pre-
dominated in the hospital of isolation but the
numbers involved are very small.

Table 5 B-Lactamases produced by carbenicillin-resistant isolates of Pseudomonas aeruginosa

Hospital Strain no.  Carbenicillin MIC Main band isoelectric  Probable B-lactamase
(r.g/ml) point (pl)
1 2 1 2
1 > 1000 80 51 Sabath Dalgleish
2 2 > 1000 80 51 Sabath Dalgleish
3 > 1000 8-0 51 Sabath Dalgleish
4 1000 8-0 — Sabath —
3 5 1000 85 — Sabath —
L 6 1000 85 Sabath —
4 7 > 1000 88 54 Sabath TEM 1
6 8 250 8-0 — Sabath —
r 9 > 1000 82 57 Sabath RMS 139
10 > 1000 81 58 Sabath or
7 11 > 1000 81 58 Sabath RPL 11
12 500 8-0 74 Sabath OXA 1
13 > 1000 — 54 — TEM 1
9 14 > 1000 86 — Sabath —
15 > 1000 84 81 Sabath OXA 2
10 16 > 1000 84 81 Sabath OXA 2
17 250 85 — Sabath —_
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It is of interest that the cultures tested here were
supplied by 10 hospitals thought to have experienced
an increase in the incidence of carbenicillin-resistant
isolates of Ps aeruginosa, although in fact the overall
level of resistance was found not to be high, being
no more than 10-209%; of the strains supplied by the
majority of hospitals. It may be that the batches of
isolates tested were unrepresentative, but it could
also be that there are problems in sensitivity testing,
as is evidenced by the fact that only 649, of the
strains inhibited by 125 ug carbenicillin/ml were
classified as being sensitive to carbenicillin on the
basis of hospital disc sensitivity tests. There are
difficulties in testing the sensitivity of Psaeruginosato
carbenicillin as carbenicillin sensitivity discs are rela-
tively unstable and readily inactivated unless the
correct storage conditions are used,'4 and a large in-
oculum yields small inhibition zones, possibly with
apparently resistant colonies.!> Another factor that
may contribute is that PsaeruginosaNCTC 10662, the
control strain recommended in the UK, may be
more sensitive to carbenicillin than are many
isolates that may be considered clinically sensitive
(MIC < 125 pg/ml). For instance, the culture of
Ps aeruginosa NCTC 10662 used in this study was
inhibited in eight out of 10 tests by 25 ug carbeni-
cillin/ml, and consequently a number of strains with
MIC values of 50-125 ug carbenicillin/ml were
classified as being only moderately sensitive.

The opportunity was also taken in this study to
test these recent clinical isolates for sensitivity to
ticarcillin, and the results of the tests confirmed that
ticarcillin was two to four times more active than
carbenicillin against the majority of strains tested.®
Strains with an increased level of resistance to
carbenicillin usually showed a similar increase in
resistance to ticarcillin, and those strains with a
high level of resistance to carbenicillin were equally
resistant to ticarcillin. In the disc sensitivity tests,
there was rather better correlation between minimum
inhibitory concentrations and the results of the disc
tests with the 75 ug ticarcillin disc than with the
100 ug carbenicillin disc, in keeping with reports
from the USA 1617
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