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An aminoglycoside- and ceftazidime-resistant strain of Klebsiella pneumoniae K2 producing the extended-
spectrum f-lactamase SHV-5 infected or colonized 14 pediatric patients at Guy’s Hospital. The patients were
mostly neonates recovering from cardiac surgery for congenital defects. The organism was also isolated from
a nurse and from the father of one of the children. Four patients had septicemia, and two septicemic neonates
with postoperative renal failure died. Aminoglycoside and cephalosporin resistance transferred to Escherichia
coli in vitro on a 160-kb plasmid, and a similar resistant E. coli strain was isolated from the stools of one of
the affected children. The epidemic organism colonized the bowel and skin and was probably transmitted via
staff hands. Five wards were involved because of extensive patient movements. The outbreak was controlled by
patient isolation and attention to handwashing. All of the isolates of the outbreak strain were identical by
phage typing, ribotyping, plasmid profiling, and biochemical and serological testing, but they varied in their
production of SHV-5. Some isolates produced normal amounts of SHV-5 and were susceptible to 3-lactam—
B-lactamase inhibitor combinations. Others, including the single isolate of multiresistant E. coli, produced up
to five times as much enzyme as “normal” isolates. This hyperproduction resulted in increased resistance to
several penicillins and cephalosporins and to the B-lactam—p-lactamase inhibitor combinations amoxicillin-
clavulanic acid, ampicillin-sulbactam, piperacillin-tazobactam, and ceftazidime-clavulanic acid. The hyper-
production of SHV-5 by K. pneumoniae and E. coli seen in this outbreak suggests that 3-lactam—@-lactamase
inhibitor combinations may be unreliable for the treatment of organisms producing extended-spectrum f3-lac-

tamases.

Klebsiella pneumoniae is naturally resistant to ampicillin and
amoxicillin, usually by the production of SHV-1 B-lactamase
encoded on the chromosome or a transferable plasmid (36,
48). Because of this natural resistance, K. pneumoniae often
colonizes the skin and mucosa of hospitalized patients treated
with ampicillin or similar drugs, and it may go on to produce
invasive infection and septicemia. Most colonized patients are
asymptomatic, but they may act as sources of cross-infection
for others, with the outbreak strain usually being transferred
on staff hands (9). During the 1970s and early 1980s, there
were frequent reports of hospital epidemics of gentamicin-
resistant K. pneumoniae. These organisms caused significant
morbidity and mortality in compromised patients such as ne-
onates, and they often transferred their resistances to other
species of enterobacteria during the outbreaks (10, 11, 18, 20,
29, 35, 43, 54).

Following the introduction of the extended- and broad-spec-
trum cephalosporins and B-lactam—B-lactamase inhibitor com-
binations (which are resistant to the action of SHV-1 B-lacta-
mase), outbreaks of gentamicin-resistant klebsiellas became
much less common. Recently, however, strains of K. pneu-
moniae (and K. pneumoniae subsp. ozaenae) that are resistant
to extended- and broad-spectrum cephalosporins and can
spread within hospitals have appeared. Initially such organisms
were isolated only sporadically or in small clusters (25, 45, 50),
but recently much larger outbreaks have been reported (2, 4,

* Corresponding author. Mailing address: Department of Microbi-
ology, UMDS, St. Thomas’s Campus, London, SE1 7EH, United King-
dom. Phone: (44) 171-928 9292, ext. 2597. Fax: (44) 171-928 0730.

358

12, 23, 31, 34). Cephalosporin resistance is mediated by the
production of extended-spectrum {-lactamases. These en-
zymes are usually the result of mutations of SHV-1 or of
TEM-1 or TEM-2, the plasmid-mediated B-lactamases com-
monly found in Escherichia coli (22). Genes encoding these
enzymes are located on transferable plasmids that often carry
other resistance factors, including resistance to aminoglyco-
sides.

These new multiresistant klebsiellas produce outbreaks sim-
ilar to those of the 1970s, and they can pass aminoglycoside
and cephalosporin resistances to other species (7, 34, 49). Nev-
ertheless, most strains produce B-lactamases that remain sus-
ceptible to inhibition by clavulanic acid and other commer-
cially available B-lactamase inhibitors. Thus, although these
strains are resistant to cephalosporins, they are usually suscep-
tible to amoxicillin-clavulanic acid and other B-lactam—@-lac-
tamase inhibitor combinations (21).

E. coli is frequently resistant to ampicillin and amoxicillin by
the production of TEM-1 B-lactamase, but resistant strains are
usually susceptible to B-lactam—B-lactamase inhibitor combi-
nations. Recently, however, there have been increasing reports
of ampicillin- and amoxicillin-resistant strains of E. coli that
are also resistant to amoxicillin-clavulanic acid. This is often
due to the production of excessive amounts of TEM-1 B-lac-
tamase that swamp the activity of clavulanic acid (15, 28, 40,
47). Such strains are said to be hyperproducers of TEM-1. We
report here a hospital outbreak of aminoglycoside-resistant K.
pneumoniae resistant to broad-spectrum cephalosporins and to
amoxicillin-clavulanic acid and other available B-lactam—@3-lac-
tamase inhibitor combinations by hyperproduction of the ex-
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TABLE 1. Patients and sites of isolation®

Patient Age Site(s) Diagnosis
1 3yr Catheter, blood CRF
2 8 mo Line tip CHD
3 2 mo Urine CHD
4 9 mo CVL tip CHD
5 16 days Sputum, blood CHD
6 18 days Wound, blood CHD
7 28 days PDF, blood CHD, RF
8 Syr Sputum Trauma
9 8yr PDF CRF
10 5 mo Stool (carrier) CHD
11 1 mo Stool (carrier) CHD
12 4 mo Stool (carrier) CHD
13 1lyr Wound RF
14 13 yr Wound CRF

“ Abbreviations: CRF, chronical renal failure; CHD, congenital heart disease;
REF, renal failure; CVL, central venous line; PDF, peritoneal dialysis fluid.

tended-spectrum -lactamase SHV-5. These resistances trans-
ferred to E. coli both in vitro and in vivo.

MATERIALS AND METHODS

Organism identification and typing. Isolates of K. pneumoniae were identified
by their reactions in standard biochemical tests. Serotyping, phage typing, and
ribotyping were kindly performed in the Laboratory of Hospital Infection, Cen-
tral Public Health Laboratory, Colindale, London, United Kingdom. Serotyping
was performed by countercurrent immunoelectrophoresis with 77 antisera
against capsular K antigens (37) and confirmed by capsule swelling with specific
K antiserum. Isolates were phage typed by the scheme of Gaston et al. (17).
Ribotyping was performed as described by Garaizar et al. (16).

Determination of MICs. MICs were determined by the agar dilution method
on Oxoid IsoSensitest agar (CM471) with an inoculum of about 10* organisms
per spot as described previously (24). The MICs of some antibiotics were deter-
mined by the broth dilution method either in Sensititre trays with an inoculum of
10° organisms per ml (19) or in microtiter trays with the Dynatech MIC2000
System with an inoculum of 10* organisms per 100 pl as described previously
(46).

B-Lactamase studies. -Lactamase activity was measured by monitoring the
rate of hydrolysis of nitrocefin by ultrasonically disintegrated cell suspensions
standardized for protein content as described previously (47). Isoelectric focus-
ing was performed in Agarose-IEF gels (Pharmacia) containing Pharmalyte (pH
range, 3 to 10; Pharmacia). Gels were run for 4 h at a maximum potential
difference of 500 V and stained with nitrocefin (500 wg/ml). Preparations of
TEM-1, SHV-1, and SHV-5 were included as standards in each gel.

Plasmid studies. Transfer of resistance to E. coli K-12 J62-1 was detected by
broth culture mating as described previously (47), with nalidixic acid (50 pg/ml)
and ceftazidime (4 pg/ml) as the selective antibiotics. Plasmid DNA was pre-
pared by the alkaline lysis method and separated on agarose gels as described
previously (47), except for the addition of a hexadecyltrimethyl ammonium
bromide step to precipitate polysaccharide (55). Preparations of plasmid DNA
from E. coli NCTC 50192, which contains four plasmids with molecular sizes of
7, 36.2, 63.8, and 148.5 kb, were used as standards.

RESULTS

Description of the outbreak. Fourteen patients on five pe-
diatric wards were affected; the wards included the cardiac,
renal, and intensive care units. The outbreak strain of multiply
resistant K. pneumoniae was first isolated on 13 July 1992 from
the blood of a 3-year-old child with congenital nephrotic syn-
drome who had been transferred from another hospital 1
month previously. The patient was treated with ciprofloxacin
and imipenem and made a good recovery after an infected
Haemocath was removed. Between 18 and 23 July, five more
children aged between 16 days and 8 months were affected
(Table 1 and Fig. 1). They were all recovering from surgery for
congenital defects; four of them had congenital heart disease,
and two had septicemia. There were three more cases between
27 and 29 July: one patient was a 28-day-old child with renal
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FIG. 1. Outbreak pattern. Each box represents a single patient and shows the
time and ward of the isolation of the first K. pneumoniae isolate.

failure following cardiac surgery for congenital heart disease
who had isolates from blood and peritoneal dialysis fluid, and
the other two were older children (5 and 8 years), suffering
from a head injury and chronic renal failure, respectively, who
yielded the outbreak strain from sputum and dialysis fluid.
More than 100 fecal screens were performed on all patients,
staff, and relatives of patients on the five affected pediatric
wards. Multiply resistant klebsiellas were isolated by culturing
fecal samples in a nutrient broth containing 20 pg of gentami-
cin per ml. Three infants with congenital heart disease were
found to be asymptomatic stool carriers between 30 and 31
July. Although the outbreak seemed to have ended, the K
pneumoniae strain was found in a wound swab from a 1-year-
old child with renal failure on 27 August and in a wound of a
13-year-old patient with renal failure (patient 14) on 14 Octo-
ber. Stool screens were repeated in September and October.
An E. coli strain also resistant to gentamicin and ceftazidime
was isolated from a stool screen of patient 14 on 3 September.
No further cases were seen.

As shown in Fig. 1, five pediatric wards were involved in the
outbreak. At first a common source was suspected, but exten-
sive environmental screening yielded only one isolate from a
sink drain on ward C. However, some of the patients had been
cared for on several of the affected wards, including the inten-
sive care units used for postoperative support and renal dial-
ysis, and the outbreak could be explained by patient-to-patient
spread (Fig. 2 and 3).

Three affected children died. One (patient 11, who had
transposition of great vessels) was a stool carrier only, and
death was unrelated to Klebsiella infection. Patient 6 was born
at another hospital on 6 July with truncus arteriosus and was
admitted to Guy’s Hospital the same day. This patient went
into renal failure, and a peritoneal dialysis catheter was in-
serted on 10 July; cardiac surgery was performed on 17 July,
and he died on 23 July, when for the first time wound and
blood cultures were positive for K. pneumoniae. Patient 7 was
born at Guy’s Hospital on 2 July with transposition of great
vessels. Cardiac surgery was performed on 10 July, and a peri-
toneal catheter was inserted on 25 July for renal failure; blood
and peritoneal dialysis fluid cultures yielded klebsiellas on 28
July, and he died the same day, having received one dose of
ciprofloxacin.

Five of the patients, including three who were asymptomatic,
were stool carriers of the outbreak strain. Only two patients
were screened for skin carriage, and both were positive. Staff
and relatives were also screened: one staff nurse on the pedi-



360 FRENCH ET AL.

Patient 1] | | | | I
2
3
4 i | ]
s
6N
7 1
s ]
s 1
10| I \
o (A B
] Hospitalization P .
W +ve cultures 1B B
+ve after discharge/death 14 I:E
| | | ] | | |

Mar Apr May Jun Jul Aug Sep Oct

FIG. 2. Hospital stays and isolations of the epidemic strain. The bars repre-
sent the hospital stay of each patient and show the times of positive cultures for
the outbreak strain of K. pneumoniae. +ve, positive.

atric intensive care ward and one parent (the father of patient
7) were stool carriers.

The outbreak was controlled by restricting admissions, re-
moving the staff carrier from work, isolating infected and col-
onized patients, and instituting strict handwashing protocols.
In addition, the affected wards were cleaned, and the contam-
inated sinks on ward C were replaced.

Microbiology. The outbreak strain was a K. pneumoniae cap-
sular type K2 strain that was resistant to gentamicin and cefta-
zidime. All isolates tested reacted with the same two bacterio-
phages at RTD (routine test dilution)X100 and were
indistinguishable by ribotyping. They all possessed two large
plasmids of approximately 160 and 140 kb and three small ones
of about 6, 3, and <1 kb. The multiresistant isolate of E. coli
from patient 14 contained a 160-kb plasmid and one of about
125 kb.

The Klebsiella isolates were resistant to most B-lactam anti-
biotics but retained susceptibility to cefoxitin and imipenem
(Table 2). They produced a B-lactamase that was indistinguish-
able from SHV-5 by isoelectric focusing. However, despite the
fact that there was apparently a single outbreak strain, there
was an approximately fivefold variation in B-lactamase activi-
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FIG. 3. Movements of patients between wards. The bars represent the hos-
pital stay of each patient and show the wards to which each patient was admitted.
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TABLE 2. B-Lactam MICs for low- and high-level SHV-
5 producers”

MIC (pg/ml) for:

Compound Low-level High-level

B-lactamase B-lactamase

producers producers
Ampicillin 1,024 >8,192
Amoxicillin-clavulanic acid (2:1) 2 16
Piperacillin 256 >512
Piperacillin + tazobactam (4 pg/ml) 8 >64
Cefuroxime 4 64
Cefotaxime 2 32
Ceftazidime 32 256
Ceftazidime + sulbactam (4 pg/ml) 0.25 32
Ceftazidime + clavulanic acid (2 pg/ml) 0.5 2
Aztreonam 32 128
Cefoxitin 4 4
Imipenem =1 =1

“ The B-lactamase activities of the low- and high-level B-lactamase producers
were 205 and 1,138 nmol of nitrocefin hydrolyzed per min per mg of protein,
respectively.

ties, ranging from 169 to 1,138 mg of nitrocefin hydrolyzed per
min per mg of protein (Fig. 4). Isolates with high-level B-lac-
tamase activity showed higher degrees of resistance to sensitive
B-lactams and were resistant to commercially available combi-
nations of B-lactams with the B-lactamase inhibitors clavulanic
acid, sulbactam, and tazobactam (Fig. 4 and Table 2). The
isolates were usually susceptible in vitro to the combination of
ceftazidime and a fixed concentration of clavulanic acid (2
pg/ml); however, isolates that produced large amounts of
SHV-5 showed reduced susceptibility, with ceftazidime MICs
of 2 wg/ml. With larger inocula (10° organisms per spot), these
high-level producers had ceftazidime MICs of 4 pg/ml in the
presence of clavulanic acid, which constitutes resistance by the
criteria of the British Society for Antimicrobial Chemotherapy
(56) although not by those of the National Committee for
Clinical Laboratory Standards (33). The isolates were also
resistant to the aminoglycosides gentamicin, tobramycin, netil-
micin, and amikacin but were susceptible to ciprofloxacin, tet-
racycline, and, usually, chloramphenicol. The E. coli isolate
from patient 14 had a similar resistance pattern, was a high-
level B-lactamase producer (897 mmol of nitrocefin hydrolyzed
per min per mg of protein), and had an ampicillin MIC of 8,192
pg/ml and an amoxicillin-clavulanic acid MIC of 16 ug of
amoxicillin per ml.

The B-lactam and aminoglycoside resistances and SHV-5
synthesis were transferable to E. coli K-12 by conjugation from
the Klebsiella isolates and from the multiresistant E. coli iso-
late. The transconjugants had a single plasmid of approxi-
mately 160 kb.

DISCUSSION

Until recently, multiresistance in klebsiellas implied resis-
tance to ampicillin-amoxicillin and gentamicin, together with
various combinations of resistance to chloramphenicol, tetra-
cycline, sulfonamide-trimethoprim combinations, and the nar-
row-spectrum cephalosporins. Hospital outbreaks with such
strains used to be difficult to control because infected patients
failed to respond to empirical treatment with gentamicin.
Many isolates were susceptible to amikacin, especially in Great
Britain, but some strains that were resistant to all available
aminoglycosides were reported elsewhere (29, 42). Some out-
breaks involved many patients in several different hospitals,
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FIG. 4. Relationship between antibiotic MICs and B-lactamase activity (nanomoles of nitrocefin hydrolyzed per minute per milligram of protein) for K. pneumoniae

K2 isolates from the outbreak.

and mortality rates could be high in compromised patients
such as neonates (20). During these outbreaks, aminoglycoside
resistance was often transferred to related enterobacteria such
as Enterobacter and Serratia species (18, 27). However, the
organisms remained susceptible to the extended- and broad-
spectrum cephalosporins, and following the introduction of
these agents, outbreaks with these multiresistant klebsiellas
became uncommon.

Klebsiellas resistant to the extended- and broad-spectrum
cephalosporins by the production of extended-spectrum 3-lac-
tamases have been isolated sporadically since the early 1980s
(25, 39). They are usually also resistant to gentamicin and often
are resistant to other aminoglycosides. They are sometimes
resistant to the quinolones but are usually susceptible to the
carbapenems. The genes responsible for cephalosporin and
aminoglycoside resistances are usually encoded on transferable
plasmids. Until recently, such strains of K. pneumoniae were
regarded more as a nuisance than as a threat (38), first because
they did not seem to have much capacity to cause clinical
outbreaks or to disseminate their resistance genes and second
because their extended-spectrum B-lactamases could usually
be inhibited by B-lactamase inhibitors such as clavulanic acid,
sulbactam, and tazobactam (21). It is now obvious that these
multiresistant klebsiellas can and do cause large hospital out-
breaks, that their resistance traits readily pass to other bacte-
rial species, and that B-lactam—B-lactamase inhibitor combina-
tions may not be effective treatment.

In the last 5 years, these organisms have produced significant
hospital outbreaks in France (2, 12, 13), Germany (4, 41),
Great Britain (23), Australia (32), Greece (53), Tunisia (5),
and the United States (31, 34). Although most outbreaks with
single strains have been small, with the strain usually infecting
or colonizing fewer than 20 patients, three have involved be-
tween 58 and 155 patients (2, 12, 13, 31). Two reports have
indicated that the outbreak organisms appeared to have spread
between different hospitals (13, 23). Several transferable ex-
tended-spectrum enzymes have been involved, including TEM-3
(1, 12, 13), TEM-26 (34, 52), SHV-2 (5), SHV-2a (41), SHV-3
(23), SHV-4 (CAZ-5) (2, 13), SHV-5 (4, 32, 53), and CAZ-6
(12). In both outbreaks and sporadic cases these enzymes have
been transmitted in vivo to other bacteria, including Klebsiella
oxytoca (5, 13), E. coli (5, 13, 34, 50, 53), and Enterobacter (13),

Serratia (13), Citrobacter (13), and Salmonella (1, 5) species. In
some outbreaks in France and in the United States, epidemic
plasmids encoding extended-spectrum (-lactamases have
spread among several different types of klebsiellas and several
species of enterobacteria (6, 7, 31, 34, 51).

In the outbreak reported here, a multiresistant, SHV-5-pro-
ducing strain of K. pneumoniae infected or colonized 14 pedi-
atric patients and also colonized a nurse and the father of one
of the children. The outbreak strain can, beyond reasonable
doubt, be regarded as a single clone, since isolates were indis-
tinguishable by three independent typing methods (capsular
typing, bacteriophage typing, and ribotyping) and, further-
more, had the same plasmid profiles. Aminoglycoside and
cephalosporin resistances transferred to E. coli in vitro on a
160-kb plasmid, and a similar resistant E. coli strain was iso-
lated from the stools of one of the affected patients. Five wards
were involved because of extensive patient transfers. The epi-
demic organism colonized the bowel and skin and was probably
transmitted via staff hands. The outbreak was controlled by
patient isolation and attention to handwashing. Several of the
patients were neonates recovering from cardiac surgery for
congenital defects and were highly compromised; four had
septicemia, and three children died. One death was unrelated
to Klebsiella infection, and in the other two cases the postop-
erative course was complicated by renal failure and terminal
septicemia.

All of the isolates of the outbreak strain were identical by
phage typing, ribotyping, plasmid profiling, and biochemical
and serological testing, but they varied in their production of
SHV-5. Some isolates produced normal amounts of SHV-5
and were susceptible to B-lactam—B-lactamase inhibitor com-
binations. Others were hyperproducers of SHV-5, producing
up to five times as much enzyme as “normal” isolates. This
hyperproduction resulted in increased MICs of several peni-
cillins and cephalosporins and in vitro resistance or reduced
susceptibility to amoxicillin-clavulanic acid, ampicillin-sulbac-
tam, piperacillin-tazobactam, and ceftazidime-clavulanic acid.
There are several mechanisms that could result in increased
B-lactamase production. For example, there could be an in-
crease in the number of copies of the B-lactamase gene, as a
result of an increase either in the copy number of the plasmid
or in the number of copies of the B-lactamase gene on the
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plasmid. Since the plasmid encoding the SHV-5 B-lactamase
was large (160 kb), a fivefold increase in its copy number seems
unlikely, but duplication of the B-lactamase gene, as has been
reported for TEM-1 in E. coli (47), is a likely explanation.
Alternatively, an effect, such as mutation to a more efficient
promoter, on the transcription or translation of the B-lacta-
mase gene could result in increased B-lactamase activity.

Extended-spectrum B-lactamases of the TEM and SHV se-
ries are usually sensitive to B-lactamase inhibitors, and combi-
nations of B-lactams with these inhibitors have been recom-
mended for treatment (3). However, sulbactam is less effective
than clavulanic acid for inhibition of the SHV enzymes (3, 22),
a marked inoculum effect has been noted (8, 14), and these
combinations have not always been successful in the treatment
of experimental infections (8, 14, 26, 30, 44). The hyperpro-
duction of SHV-5 by K. pneumoniae and E. coli seen in this
outbreak at Guy’s Hospital and some in vitro susceptibility
results in the literature (3) suggest that B-lactam—B-lactamase
inhibitor combinations may be unreliable for the treatment of
these organisms. It is likely that hyperproduction of extended-
spectrum B-lactamases will become more common in enter-
obacteria. These organisms may soon become resistant to all
available agents and produce large hospital outbreaks of un-
treatable infection similar to the epidemics of gentamicin-re-
sistant klebsiellas of the 1970s and 1980s.
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