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A multiple trauma patient failed treatment with ceftazidime and amikacin for bacteremia and meningitis due
to a Kiebsiella pneumoniae strain that produced a novel, plasmid-mediated ,B-lactamase. Both pre- and
posttreatment isolates were resistant to ceftazidime (MIC, 264 ,Lg/ml) and various penicillins but not to other
expanded-spectrum cephalosporins. The j-lactamase had a pl of 5.25 and was encoded on a conjugal plasmid
of approximately 150 kilobases. DNA hybridization studies indicated that the enzyme was a TEM derivative.

A number of expanded-spectrum cephalosporins have
been developed and marketed in recent years. A principal
feature of many of these compounds has been their relative
resistance to hydrolysis by P-lactamases of aerobic gram-
negative bacilli (17); however, strains of Klebsiella spp.,
Escherichia coli, Citrobacterfreundii, and Serratia marces-
cens containing transferable P-lactamases conferring broad
P-lactam resistance, including unique resistance to certain
expanded-spectrum cephalosporins, have been reported (8-
11, 22, 23). Strains containing P-lactamases especially active
against ceftazidime have now been described in France (3, 4,
6, 18, 24), Germany (1), and the United Kingdom (27) but
only rarely in the United States (7, 21). We describe herein
clinical isolates of Klebsiella pneumoniae,and S. marcescens
that produce a broad-spectrum, transferable ,-lactamase
conferring high-level resistance to ceftazidime, which in the
former case resulted in a therapeutic failure.
A 44-year-old man was admitted to Brooke Army Medical

Center in August 1988, after involvement in a motor vehicle
accident. The patient had multiple injuries, including bilat-
eral mandibular and sinus wall fractures, which required
surgical repair on hospital day 2. The patient did well
postoperatively on penicillin and clindamycin therapy until
hospital day 9, when he became obtunded and developed
meningismus. Lumbar puncture revealed viscous, yellow
cerebrospinal fluid with gram-negative rods seen on direct
Gram stain. Blood cultures obtained on day 7 of hospitaliza-
tion also grew a gram-negative rod. Penicillin and clindamy-
cin therapy was replaced with amikacin (500 mg every 8 h)
and ceftazidime (2 g every 8 h).
The gram-negative rod from blood and cerebrospinal fluid

was identified as K. pneumoniae and was found to be
resistant to ceftazidime but susceptible to cefotaxime and
amikacin by the automated Vitek instrument (Vitek Sys-
tems, Inc., Hazelwood, Mo.). Because of apparent initial
clinical improvement, ceftazidime and amikacin were con-
tinued, but repeat susceptibility tests were requested. How-
ever, the patient again deteriorated, and lumbar puncture
yielded hazy, xanthochromic cerebrospinal fluid that was
again positive for K. pneumoniae. Repeat susceptibility
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tests, by both disk diffusion and the Vitek instrument,
confirmed resistance of the organism to ceftazidime. The
cephalosporin therapy of the patient was then changed to
cefotaxime (2 g every 4 h), and amikacin was continued. The
patient rapidly improved on cefotaxime and amikacin and
recovered without further complications.

Six blood cultures drawn on hospital days 7, 9, and 12 and
the two cerebrospinal fluid cultures (days 9 and 12) grew K.
pneumoniae that were identical by routine biochemical
identification tests and that had identical antimicrobial sus-
ceptibility patterns. Disk diffusion and broth microdilution
tests (15, 16) indicated susceptibility to imipenem, amika-
cin, and ciprofloxacin but resistance to ampicillin, amoxicil-
lin-clavulate, ticarcillin, ticarcillin-clavulanate, gentamicin,
tobramycin, chloramphenicol, tetracycline, and trimetho-
prim-sulfamethoxazole. Cephalosporin susceptibilities were

unpredictable; the isolates were susceptible to cefotetan,
cefoxitin, and cefuroxime and moderately susceptible to
cefamandole and cefazolin but resistant to cephalothin. Of
the expanded-spectrum cephalosporins, the isolates were

susceptible to cefotaxime, ceftizoxime, and ceftriaxone,
moderately susceptible to cefoperazone, and resistant to
ceftazidime.

After the index patient was recognized, all gram-negative
rod isolates recovered at Brooke Army Medical Center
during the subsequent 2 months were screened carefully for
possible ceftazidime resistance. One additional ceftazidime-
resistant isolate, S. marcescens DU-1, was recovered from
the sputum of a second patient with nosocomial pneumonia
in a separate intensive care unit of the same hospital.

Since all of the isolates from the initial patient exhibited
identical antimicrobial susceptibilities during repeated test-
ing, one clinical isolate (designated LD-1) was further exam-
ined for P-lactamase production and plasmid content. Trans-
conjugants were prepared from LD-1 in two E. coli recipient
strains (HB101 and C600) by direct mating experiments.
Resistance to gentamicin, tobramycin, chloramphenicol, and
tetracycline was transferred (data not shown) along with
,-lactam resistance. The HB101-derived transconjugant was
designated LD-trl in further experiments, and the C600-
derived transconjugant was designated LD-tr2. For compar-
ative purposes, three previously described multiply resistant
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TABLE 1. MICs of selected 1-lactam antibiotics alone and with clavulanic acid or sulbactam against K. pneumoniae LD-1,
S. marcescens DU-1, and E. coli transconjugant LD-tr as well as CTX-1-, CAZ-1-, and RHH-1-producing strains

MIC (pLg/mi)b for:
Antimicrobial agenta

LD-1 LD-tr DU-1 CTX-1 CAZ-1 RHH-1

Cefotaxime <0.5-1 <0.5 8-16 16-32 8 4-8
Cefotaxime + clav <0.5 <0.5 16 <0.5-4 c0.5-4 <0.5-2
Cefotaxime + sulb <0.5-1 2-4 4-8 <0.5 4 -0.5-2

Ceftazidime .64 >64 16-64 32->64 64 >64
Ceftazidime + clav 1-2 <0.5 <0.5 1 1 2-4
Ceftazidime + sulb 1-2 4-8 1-2 <0.5-1 32-64 32->64

Azteronam 2-8 >64 2-4 16 8-16 .64
Aztreonam + clav <0.5 <:0.5 1-2 -0.5 <0.5 s<0.5
Aztreonam + sulb <0.5 >64 -0.5-1 0.5 8 2->64

a Clavulanic acid (clav) and sulbactam (sulb) were added at 2 1Lg/ml.
b On repeat testing, some values resulted in a range due to difficulty in interpreting trailing endpoints.

strains known to harbor plasmid-mediated 3-lactamases
were examined in parallel with LD-1 and DU-1. These
included K. pneumoniae strains CF504 (producing CAZ-1
[TEM-5] and SHV-1 [18, 24]) and CF104 (producing CTX-1
[TEM-3] and SHV-1 [22]) and a transconjugant strain of E.
coli J53 R2633E (producing RHH-1 [TEM-9] [27]), all kindly
provided by Antone A. Medeiros, Brown University, Prov-
idence, R.I.

Broth microdilution MICs of cefotaxime, ceftazidime, and
aztreonam with LD-1, LD-trl, and other strains tested are
shown in Table 1. The LD strains exhibited high-level
resistance to ceftazidime, as did the CTX-1-, CAZ-1-, and
RHH-1-producing strains. The susceptibilities to cefotaxime
and aztreonam varied among the strains; the LD strains were
in general more susceptible. The LD transconjugant ap-
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FIG. 1. Isoelectric focusing of P-lactamases on polyacrylamide
gel with nitrocefin for detection. Lanes: A, E. coli HB101; B, E. coli
LD-tr (pl 5.25); C, K. pneumoniae LD-1 (pl 5.25 and 7.7); D, S.
marcescens DU-1 (pl 5.25 and 8.2); E, K. pneumoniae CF504
(CAZ-1; pl 5.4, 5.55, and 7.7); F, E. ccli J53 R2633E (RHH-1; pl
5.5); G, K. pneumoniae CF104 (CTX-1; pl 6.3 and 7.7); H, E. coli
K12 J53 (TEM-1; pl 5.4).

peared more resistant to aztreonam than the parent strain
LD-1; however, LD-trl produced very faint growth and
trailing endpoints in the microdilution test wells, making
precise MIC determinations difficult. The addition of 2 ,ug of
clavulanate or sulbactam per ml markedly lowered the MICs
of ceftazidime and aztreonam for LD-1. The S. marcescens
isolate, DU-1, exhibited resistance to cefoxitin and cefurox-
ime in addition to ceftazidime. Both clavulanate and sulbac-
tam lowered the ceftazidime and aztreonam MICs for DU-1,
but the inhibitors had little effect on the susceptibility of that
strain to cefotaxime (Table 1).
Crude ,-lactamase extracts prepared from LD-1, LD-trl,

DU-1, and strains containing previously characterized P-
lactamases were focused (13, 14) on 7% polyacrylamide gels
containing pH 3.5 to 9.5 ampholines at 4°C with 10-W power
for 3 h. Gels were then stained with a 0.05 % nitrocefin
solution. LD-1, LD-trl, and DU-1 revealed identical bands
with a pl of 5.25 (Fig. 1) in multiple experiments. LD-1 also
contained a band at pI 7.7, consistent with SHV-1. DU-1
contained a second band at pl 8.2, consistent with a chro-
mosomally mediated P-lactamase.

Plasmid-enriched DNA from strains LD-1, LD-tr2, DU-1,
and CF504 was isolated by the method of Portnoy et al. (20).
The DNA was subjected to electrophoresis on 0.7% agarose
gel with TBE buffer at 10 V/cm for 3 h. Several supercoiled
plasmids of known size (kindly provided by Fred C. Ten-
over, Veterans Administration Medical Center, Seattle,
Wash.) were used as reference standards to determine the
sizes of the isolated plasmids of interest. These standards

FIG. 2. Agarose gel electrophoresis of isolated plasmid DNA.
Lanes: A and B, supercoiled plasmids of known size (R40-a [148 kb]
and R446b [66.4 kb], respectively); C, plasmids of CF 504 (CAZ-1);
D, E, and F, plasmids isolated from strains LD-tr, LD-1, and DU-1,
respectively. Chr, Chromosomal DNA.
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FIG. 3. Southern blot analysis. Lanes: A and D, DNA of plasmid
R40a and the plasmid DNA encoding for CAZ-1 hybridized with a

32P-labeled fragment of the TEM-1 gene under high-stringency
conditions; E, F, and G, probe hybridized with plasmid DNA from
LD-tr, LD-1, and DU-1, respectively; B and C, DNA of plasmids
R16 and R446b, respectively, as controls that do not contain TEM
genes.

included R40a (148 kilobases [kb]), R16 (104 kb), R446b (66.4
kb) and pSa (34.7 kb) (28). Both LD strains and DU-1
contained a plasmid of approximately 150 kilobases (Fig. 2),
similar to the larger (150-kb) plasmid from CF-504 (18).
A 298-base-pair PstI-HincII fragment (internal fragment of

the TEM-1 gene of pBR322) labeled with 32p was used as a

probe (18) for Southern blot analysis (26) of plasmid DNA
prepared from LD-1, LD-tr2, DU-1, and CF-504 by using
standard techniques and high-stringency conditions (12).
Homology was demonstrated in that all of the above plas-
mids contained TEM-type ,B-lactamase sequences (Fig. 3)
and are thus likely TEM derived.
The antimicrobial susceptibility pattern conferred by the

extended-spectrum P-lactamase produced by the K. pneu-

moniae and S. marcescens isolates encountered in our two
patients was similar to those conferred by other recently
described enzymes, e.g., CAZ-1 (18, 19, 21), CAZ-2 (4), and
RHH-1 (27). Analysis of the extended-spectrum ,B-lactam-
ases has allowed categorization of the new enzymes as either
TEM or SHV derivatives. Analytical isoelectric focusing has
revealed that the TEM derivatives possess isoelectric points
in the 5 to 6 range, whereas the SHV derivatives have been
in the pI 7 to 8 range (19). Currently, at least 10 TEM-derived
P-lactamases produced by clinical isolates have been de-
scribed (19, 21). The P-lactamase produced by the LD-1 and
DU-1 isolates in our study had a unique pl of 5.25, which is
similar to that of other TEM P-lactamases, especially CAZ-3
(pI 5.2) (19). Plasmid isolation and hybridization studies with
a TEM-1 probe confirmed that the P-lactamase produced by
our isolates was encoded by a TEM-related gene located on

a plasmid of approximately 150 kilobases.
Although the new extended-spectrum P-lactamases are

mutations of commonly occurring P-lactamases, their prev-

alence is unknown. Widespread nosocomial outbreaks of
strains producing extended-spectrum P-lactamases have
been reported (2, 3, 5, 8), although most reports of TEM-
derived ceftazidimases have described only limited, sporadic
occurrences such as ours (4, 7, 18, 27). Although these
enzymes appear to develop from selective pressure of anti-
biotic use (2, 5, 6, 19), our two clinical isolates were

recovered from patients who had not previously received
ceftazidime and were located in two separate intensive care

units with no apparent relationship. Moreover, no subse-
quent ceftazidime-resistant isolates of either genus have
been recognized in the hospital since the inception of this
study. Spencer et al. (27) retrospectively tested 14,000
clinical isolates without identifying an additional RHH-

1-producing isolate. Thus, the ultimate epidemiologic impor-
tance of these strains remains to be determined.

This case report demonstrates the clinical relevance of
accurately recognizing isolates that elaborate extended-
spectrum P-lactamases. Our patient failed treatment with
ceftazidime and amikacin but responded favorably to substi-
tution of a cephalosporin to which his strain was susceptible
in vitro, i.e., cefotaxime. This occurrence underscores the
importance of performing specific susceptibility tests on
clinical isolates for each antimicrobial agent that will be used
for therapy, rather than relying on testing of only a spectrum
class representative of the expanded-spectrum cephalospo-
rins.
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