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Outbreak of Nosocomial Infections due to Klebsiella 
pneumoniae Producing SHV-4 Beta-Lactamase 

G. Ar l e t l * ,  M.  J. Sanson- l e  Pors  1, M. R o u v e a u  1, G.  F o u r n i e r  2, O.  M a r i e  3, B. S c h l e m m e r  3, 
A.  P h i l i p p o n  4 

One hundred and fifty-four clinical isolates ofKlebsiella pneumoniae resistant to broad- 
spectrum cephalosporins, aztreonam and amikacin were responsible for an outbreak of 
nosocomiai infections lasting eight months in a university hospital in Paris. This outbreak 
occurred in the intensive care unit (39 patients), haematology units (8 patients) and 
surgical and medical units (11 patients). Antibiotic resistant strains were isolated from the 
urinary tract (48 %), wound and drainage fluids (21%), respiratory tract (14 %), blond 
(12 %) and stools (5 %). High resistance to oxyimino-beta-lactams was mediated by a 
plasmid-encoded beta-lactamase with an isoelectric point of 7.8 (SHV-4). This CAZ-type 
enzyme conferred a higher level of resistance to ceftazidime and aztreonam (geometric 
mean MIC 135 rag/l) than to cefotaxime (geometric mean MIC 14 rag/l). All isolates were 
of the same biotype (weakly urease positive and no sucrose fermentation). Eight Klebsiella 
pneumoniae strains isolated in different units and at different times of the outbreak were 
of the same serotype, had common plasmid patterns and harboured a large self-transferable 
plasmid of about 180 kilobases encoding resistance to penicUlins, oxyimino-beta-lactams, 
aminoglycosides, tetracycline and trimethoprim. These eight large plasmids had indis- 
tinguishable EcoRI restriction patterns. These results suggest that a single strain of 
Klebsiella pneumoniae was responsible for this outbreak. 

Cephalothin and gentamicin resistant clinical iso- 
lates of KlebsieUa pneumoniae have been responsi- 
ble for outbreaks of nosocomial infections in the 
seventies (1, 2). Recently, ten years after the intro- 
duction of broad-spectrum cephalosporins and ami- 
kacin, several outbreaks of infection caused by 
Klebsiella pneumoniae simultaneously resistant to 
both these groups of antibiotics have been report- 
ed (3-5). These multiresistant isolates produce the 
novel plasmid-mediated beta-lactamses CTX-1 (6), 
SHV-2 (7) and SHV-3 (5), which are able to hydro- 
lyze oxyimino-beta-lactams. Hybridization tests 
and nucleotide or peptide sequencing has demon- 
strated that they are derived fromTEM-2 (CTX-1 or 
TEM-3) or SHV related enzymes (8-10). One or 
more amino-acid substitutions create new inter- 
actions between the enzyme and the substrate, al- 
lowing efficient hydrolysis of oxyimino-beta-lactams 
(9, 11). These extended spectrum beta-lactamases 
are CTX-type enzymes because they confer a higher 
level of resistance to cefotaxime and ceftriaxone 
than to ceftazidime and aztreonam (3, 7). 
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More recently, multiresistant Klebsiella pneumoni- 
ae belonging to the serotype K25 were isolated in 
clusters in five hospitals in the Paris area (12). A new 
extended spectrum beta-lactamase, designated 
SHV-4 (and also CAZ-5) (13), with a pI of 7.8 was 
characterized. This CAZ-type enzyme conferred a 
higher level of resistance to ceftazidime and aztre- 
onam than did SHV-2 and SHV-3 (12). Between 
September 1987 and May 1988, we observed an 
outbreak of nosocomiat infections caused by strains 
of multiresistant Klebsiella pneumoniae in our hos- 
pital. This paper describes bacteriological, genetic 
and epidemiological aspects of this outbreak. 

Materials and Methods 

Identification of Bacterial Isolates. Between September 1987 
and May 1988,154 clinical isolates of multiresistant Klebsiella 
pneurnoniae were recovered from 58 patients in the medical 
and surgical intensive care unit, haematology units, and surgi- 
cal and medical units. Isolates were identified using the 
API 20E system (API, France) and the first isolate from each 
patient was biotyped with the API 50CH system. The biotypes 
of these first isolates were read after 18 h at 37 °C. Capsular 
serotyping was done by P. Bouvet (Institut Pasteur, France). 

Antibiotic Susceptibility Testing. Susceptibility testing was 
performed on M ueller-Hinton agar plates by the disk diffusion 
technique (Diagnostics Pasteur, France). The presence of 
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extended spectrum beta-lactamase was detected using the 
double-disk synergy test (14). MICs of various beta-lactams, 
of cefotaxime and ceftazidime in the presence of clavulanic 
acid (2 rag/l) or sulbactam (2 rag/l), and of gentamicin and 
amikacin, were determined for the first isolate from each 
patient. Serial two-fold dilutions of antibiotics in Mueller- 
Hinton agar and inocula of about 105 cfu per spot were used; 
inocula were delivered by a multipoint inoculator. MICs were 
read after incubation for 18 h at 37 °C and defined as the 
lowest antibiotic concentration at which no growth was visi- 
ble. 

Transfer of Oxyimino-Beta-Lactams Resislance. Escherichia 
coli K12 strain J53-2 met F63 pro 22 rif was used as the re- 
cipient for conjugation of the plasmids encoding the extended 
spectrum beta-lactamase. Escherichia coli transconjugants 
were selected on plates containing Mueller-Hinton agar sup- 
plemented with ceftazidime (2 mg/l) and rifampicin (250 rag/ 
1). The frequencies of transfer are expressed as a fraction of 
the number of donor cells. 

Beta-Lactarnase Assay. Analytical isoelectric focusing was 
performed on polyaerylamide gels (15) with crude cell-free 
sonic extracts. Beta-lactamase activity was detected by the 
iodometric method with ceftriaxone (20 mg/100 ml of gel) as 
substrate (5), and then by the classic chromogenic nitrocefin 
test. CTX-1 (pCFF04, pI 6.3), SHV-2 (pBP60-1, pl 7.6), and 
SHV-4 (pUD21, pI 7.8) were used as pI markers. Vmax was 
measured as reported elsewhere by a microacidimetrie meth- 
od (5). One unit of beta-lactamase (u) was defined as that 
amount of enzyme which hydrolyzed 1 gmol of benzylpeni- 
cillin per rain at pH 7.0 and 37 *C. Inhibition ofbeta-lactamase 
activity by clavulanic acid was determined as elsewhere re- 
ported (5). 

PlasmidAnalysis. Plasmid DNA was extracted by the method 
of Takahashi and Nagano (16) from eight strains isolated from 
eightpatients at different times of the outbreak and in different 
units. Plasmid DNA was digested with EcoRI under the con- 
ditions recommended by the supplier (Bethesda Research 
Laboratories, USA). Digested and non-digested DNA were 
analysed by electrophoresis through a 0.7 % agarose gel for 
3 h at 7 V/cm in "Iris acetate buffer. 

Epiderniological Investigation. The Saint-Louis Hospital is a 
university hospital with about 800 beds, including haematol-. 
ogy, immunology, bone marrow transplantation, dermatolo- 
gy, endocrinology, nephrology, urology, medical, surgical and 
intensive care units. The orthopaedic surgery unit is in a 
separate building. The surgical and medical intensive care unit 
is composed of two subunits: an acute care ward on the ground 
floor, and an intermediate care ward on the first floor. 
Colonisation and infection were not differentiated. For pa- 
tients in the medical and surgical intensive care unit, data was 
recorded on the duration of stay and mechanical ventilation, 
the simplified acute physiological score (SAPS) (17), urinary 
tract catheterisation and antimicrobialtherapy. We compared 
the infected patients to all patients and to a control group of 
patients with mechanical ventilation and urinary tract cathe- 
terisation hospitalized during the outbreak but without hav- 
ing been infected. 

Results 

BacteriologicalAnalysis. The  144 clinical i sola tes  of  
Klebsiella pneumoniae were  of a pa r t i cu la r  b io type  
a s s h o w n  by  the  A P I  20E system: they  had  a w e a k  
urease  activi ty and d id  not  f e rmen t  sucrose.  T h e  
A P I  50CH sys tem showed the first isolates  of each  
pa t i en t  to be  ident ical .  This b io type  was s imilar  to  
the  b io type  ' a '  desc r ibed  by  R ic ha rd  (18 ) . .E igh t  
s t rains  of  Klebsiellapneumoniaeisolated in d i f ferent  
units and at d i f ferent  t imes of  the  o u t b r e a k  had  the  
same  se ro type  K25. A l l  isolates  exh ib i ted  the same  
p h e n o t y p i c  res is tance pa t t e rn  as d e t e r m i n e d  by  the  
disk diffusion method .  T h e y  were  res is tan t  to  peni -  
cil l ins,  o x y i m i n o - b e t a - l a c t a m s ,  a m i n o g l y c o s i d e s  
(excep t  gentamic in) ,  te t racycl ine ,  ch lo ramphen ico l ,  
t r ime thopr im and f luoroquinolones.  The  cef tazidime 
and az t r eonam inhibi t ion  zone  d iame te r s  (<_ 12 mm)  
were  smal le r  than those obse rved  for  ce fo tax ime  

Table 1: Susceptibility of initial clinical isolates of Klebsiella pneumoniae producing SHV-4 beta-lactamase to beta-lactam 
antibiotics, gentamicin and amikacin. 

Antimicrobial Number of isolates with the following MIC (mg/1) 

agent 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 > 128 

Carbenicillin 
Piperacillin 
Cefotaxime 9 11 24 12 
Cefotaxime + CA a 7 45 5 1 
Cefotaxime + SB a 34 1 2 7 1 6 7 
Ceftazidime 
Ceftazidime + CA a 29 20 9 
Ceftazidime + SB a 34 3 6 15 
Aztreonam 
Moxalaetam 12 24 17 3 2 
Cefotetan 28 27 1 2 
Imipenem 24 33 1 
Gentamicin 28 28 1 1 
Amikacin 3 53 1 

58 
58 

15 22 21 

1 31 26 

aclavulanic acid (CA) and sulbactam (SB) were each used at a concentration of 2 mg/1. 
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Figure 1: Analytical isoelectric focusing of SHV-4 beta-lacta- 
mase produced by Klebsiellapneumoniae. Lanes 1-3: Clinical 
isolates of Klebsiella pneumoniae producing SHV-4 beta- 
lactamase;lane 4:CTX-1 (pCFF04,pl 6.3) and S HV-2 (pBP60- 
1,pI 7.6);lane 5:SHV-4 (pUD21, pI 7.8); lanes 6-8: Escherichia 
coli K12 J53-2 transconjugants. 

Table 2: Comparative properties of the beta-lactamases 
derived from the Klebsiella pneumoniae SLK-01 strain. 

Property 

Beta-lactamase a 

SHV-4 SLK-01 
(pUD21) 

pI 7.8 7.8 

Rate of hydrolysis b 
Amoxicillin 185 214 
Carbenicillin 33 40 
Cephaloridine 321 400 
Cefotaxime 71 104 
Ceftazidime 19 21 
Aztreonam < 1 < 1 

Inhibition c by 
clavulanate (1 ~2vI) 78 83 

aSonicated extracts of Escherichia coli K12 J53-2 met F63 
pro 22 rif (plasmid number in parenthesis). 

bExpressed as Vmax relative to that of benzylpenicillin set 
at 100. 

Cpercent inhibition with benzylpenicillin set at 100. 

1 2 3 4 5 6 7 8 9 10 ! 1 12 13 
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Figure 2.- Plasmid patterns of clinical isolates of Klebsiella 
pneumoniae producing SHV-4 beta-lactamase, Lane 1: 
pip 135-1 (70.4 Kb);lane 2:pip 112 (100.5 Kb);lane 3: piP 173 
(125.8 Kb); lanes 4 and 5: Escherichia coli K12 J53-2 
transconjugants; lanes 6-13: clinical isolates of Klebsiella 
pneurnoniae that produce SHV-4 beta-lactamase. 

(16-22 mm) (CAZ resistant phenotype). Some of 
the strains isolated in May 1988, late in the study, 
showed decreased susceptibility to moxalactam and 
cephamycins. The MICs (Table 1) of ceftazidime 
and aztreonam (geometric means _> 135 me/l) were 
higher than that of cefotaxime (geometric mean 
14 me/l). All strains remained susceptible to imipen- 
era, and the majority of the isolates was susceptible 

to moxalactam and cefotetan. Two mg/1 clavulanic 
acid was three times more efficient than 2 mg/1 sul- 
bactam in restoring the activity of cefotaxime and 
ceftazidime (geometric mean MICs 0.12 versus 
0.41 mg/l and 0.39 versus 1.36 mg/l respectively). 

A single band of beta-lactamase activity with a pI of 
7.8 was detected in each first isolate and their 
transconjugant by the iodometric procedure using 
ceftriaxone as substrate (Figure 1). One additional 
band with a pI of 7.6 was identified by the nitrocefin 
method. This band corresponds to the chromosomal 
beta-lactamase of Klebsiellapneumoniae. The beta- 
lactamase produced by the first strain isolated had 
the same substrate profile as SHV-4 (pUD21) (Ta- 
ble 2). The eight strains of Klebsiella pneumoniae 
isolated in different units had a common plasmid 
profile (Figure 2). A large plasmid of about 180 
kilobases (kb) could be transferred by conjugation 
into Escherichia coli J53-2 (Figure 2) with a high 
frequency (10-5). The presence of these plasmids 
correlated with resistance to penicillins, oxyimino- 
beta-lactams, aminogtycosides (except gentamicin), 
tetracycline and trimethoprim. Plasmid DNA was 
prepared from each transconjugant and digested 
with EcoRI. The eight plasmids had indistinguisha- 
ble restriction fragment patterns (Figure 3). 

Epidemiological Investigation. The first isolate of 
extended spectrum beta-lactamase-producing 
Klebsiella pneumoniae was isolated in September 
1987 from a patient in the intensive care unit. During 
the following weeks (Figure 4) multiresistant Kleb- 
siella pneumoniae were isolated from other patients 
in the intensive care unit and also from patients in 



800 Eur. J. Clin. Microbiol.  Infect Dis. 

1 2 3 4 5 6 7 8 9 10 

Figure 3: EcoRl restriction endonuclease digestion of plas- 
mids from Escherichia coil K12 J53-2 transconjugants. Lanes 
1 and 10: ~. digested by Hindlll; lanes 2-9: plasmid DNA from 
transconjugants of different Klebsiella pneumoniae. 

other units who had recently been transferred from 
the intensive care unit. The strain spread, essentially 
to the intensive care unit, but also to the haematolog- 
ical, medical and surgical units. After February 1988, 
Klebsiella pneumoniae were only isolated in the in- 
tensive careunit ,  with one exception. 

The analysis of sites of infection (Table 3) showed 
that 42 % of the multiresistant Klebsiella pneumo- 
niae were isolated from the urinary tract (32 patients 
of whom 29 had urinary tract catheters) and 28 % 
from surgical wounds (15 patients). All multiresist- 
ant strains isolated from the respiratory tract (12 %) 
were from patients on mechanical ventilation. 
KtebsieIla pneumoniae were recovered from blood 
cultures in 11 patients; in two of them, the blood was 
the only site of a positive culture. Klebsiella pneu- 
moniae were also isolated from the stools in four 
neutropenicpatients; two of them had positive blood 
cultures. Finally, multiresistant Klebsiella pneumo- 
niae were the cause of death in five patients. 

Thirty-five percent of patients (23/65) hospitalized 
in the intensive care unit for surgical care during the 
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Figure 4: Distribution over time and in different units of 
patients infected by Klebsiella pneumoniae producing SHV-4 
beta-lactamase. Blank bar: duration of stay; solid bar: duration 
of infection. 

outbreak were infected by the multiresistant Kleb- 
siellapneumoniae. Only7 % ofmedicalpatients (16/ 
220) were infected. In surgical patients, the major 
sites of infection were wounds and drainage fluids; 
these were also the sites of first isolation in nine 
patients. On the other hand, the first and major site 
of infection in medical patients was the urinary tract 
(50 %). The risk factors for infection or colonization 
were analysed. Only the duration of stay and of 

Table 3: Sites of infection of Klebsiella pneumoniae producing SHV-4 beta-laetamase. 

Urine Respiratory Wound and Stool Blood 
tract drainage fluid 

Number of isolates 65 18 44 5 22 
Number of patients 32 12 15 4 11 
Number of patients with another 9 6 9 2 9 
site of infection 
Number of patients with 3 1 3 2 11 
septicaemia 
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Table 4: Epidemiological analysis of the outbreak of infection in the intensive care unit due to Klebsiella pneumoniae 
producing SHV-4 beta-lactamase. 

Total no. of patients Control group a Infected group 

Medical Surgical Medical Surgical Medical Surgical 

Number of patients 220 65 54 25 16 23 
Mean age (year) 55 55 61 58 55 62 
Mean SAPS 11 12 13 14 14 16 
Mean duration of stay (days) 8 14 20 15 44 57 
Mean duration of MV (days) 8 14 15 13 27 43 

SAPS: simplified acute physiological score. MV: mechanical ventilation. 

aGroup of patients with mechanical ventilation (> 4 days) and urinary tract catheterisation hospitalized during the outbreak, 
but without having been infected. 

mechanical ventilation differed markedly between 
infected and non-infected groups (Table 4). The 
delay before infection or colonization was extremely 
variable: between 2 and 114 days after admission 
(mean 14 days). 

The multiresistant strains were isolated in 39 inten- 
sive care patients. Two patients received no antibiot- 
ics, and three received antimicrobial agents usually 
inactive against Enterobacteriaceae. The other 34 
patients received either beta-lactams (ceftazidime, 
ceftriaxone, piperacillin or amoxicillin) or 
aminoglycosides (amikacin, tobramycin, netilmicin) 
or fluoroquinolones or cotrimoxazole; most of them 
(60 %) received two antibiotics simultaneously. 

Discussion 

The Saint-Louis Hospital experienced an outbreak 
of nosocomial infections caused by Klebsiellapneu- 
moniae producing an extended spectrum beta- 
lactamase. All the strains of Klebsiella pneumoniae 
isolated in our hospital were of a particular biotype 
(weakly urease positive and no sucrose fermenta- 
tion). The high level of resistance to ceftazidime and 
aztreonam of these Klebsiella pneumoniae, associ- 
ated with the characteristic biotype allowed easy 
detection of these strains. This is the first description 
of an outbreak of nosocomial infections due to 
Klebsiella pneumoniae producing a CAZ-type ex- 
tended spectrum beta-lactamase. As reported for 
the other extended spectrum beta-lactamases 
(3, 5, 6, 7, 14, 19, 20), the beta-lactamase inhibitors 
clavulanic acid and sulbactam showed a synergistic 
effect in vitro in combination with cephalosporins. 
Despite the high level of resistance to beta-lactams 
conferred by this beta-lactamase, the use of combi- 
nations of amoxicillin with clavulanic acid or of 
piper acillin with sulbactam led to the cure of some of 
the urinary tract infections where there was no cath- 

eterisation. Most of the strains isolated late in our 
study showed decreased susceptibility to cephamy- 
cins and moxalactam, and clavulanic acid and espe- 
cially sulbactam were less effective in restoring the 
activity of the oxyimino-beta-lactams. As previously 
suggested (19), a decrease in permeability might 
interfere with inhibitor efficacy, and it may be that 
sulbactam is more affected than clavulanic acid by 
permeability changes. Our strains were also resist- 
ant to aminoglycosides other than gentamicin 
(probably due to AAC (6') IV) and had a high level 
of resistance to pefloxacin. Treatment of serious 
infections was limited to imipenem alone or com- 
bined with gentamicin. 
Our strains produced an extended spectrum beta- 
lactamase with a pI of 7.8 and a substrate profile 
similar to that of SHV-4 beta-lactamase (12) which 
was simultaneously observed in strains from four 
other Parisian hospitals (12). The first strains isolat- 
ed in each hospital belonged to serotype K25 and 
had the same characteristic biotype as our strains. 
The SHV-4 beta-lactamase is probably derived from 
SHV-3 beta-lactamase (5) by only one amino-acid 
substitution between theirprimary structures (10, 13). 

In common with the Klebsiellapneumoniae producing 
CTX-1 (TEM-3) responsible for previous outbreaks 
(3, 4), our strains were resistant to aminoglycosides 
(except gentamicin). The association of extended 
spectrum beta-lactamase and resistance to amikacin 
is probably a major factor in the dissemination of 
these strains (4), especially when broad-spectrum 
cephalosporins and amikacin exert a selective pres- 
sure. In our hospital vancomycin, ceftazidime and 
amikacin were the most widely used antibiotics in 
the intensive care unit before and during the period 
oftheoutbreak (P. Faure, personalcommunication). 

Although the outbreaks of nosocomial infections 
due to CTX-l-producing Enterobacteriaceae (3, 4, 20) 
were the result of dissemination of a transmissible 
plasmid of 85 Kb to Klebsiellapneumoniae strains of 
various different biotypes and serotypes and six 
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species of Enterobacteriaceae, during the outbreak 
in our hospital the SHV-4 beta-lactamase was pro- 
duced only by KlebsieIlapneumoniae strains. All these 
strains were of the same biotype. Moreover,  eight 
strains isolated in different units were of the same 
serotype and had the same plasmid profile. Their 
transconjugantshad acquired alargeptasmid showing 
the same EcoRI restriction pattern. These results 
strongly suggest that a single strain of Klebsielta 
pneumoniae was responsible for the outbreak in our 
hospital. 

Unlike in the outbreak of nosocomialinfections due 
to CTX-1 Klebsiellapneurnoniae (3), there was rapid 
dissemination of multiresistant Klebsiella pneumo- 
niae from the intensive care unit to the haematology 
units, and surgical and medical units in our outbreak,  
despite the absence of virulence factors such as 
ae robac t in  or the mucoid  p h e n o t y p e  (21, 22, 
V. Vernet, personal communication). 

As already reported (3, 4), Klebsiella pneumoniae 
producing extended spectrum beta-lactamases have 
been isolated from patients with nosocomial infec- 
tions. In our study urinary infections were the major 
source of these strains, associated with urinary tract 
catheterisation in the medical patients. In surgical 
patients wound and drainage fluid appeared to be 
the major source of microorganisms, consistent with 
the findings of an international survey of hospital- 
acquired infection (23). Urinary tract catheterisa- 
tion did not systematically cause infection. During 
the period of the outbreak 79 patients in the inten- 
sive care unit had mechanical ventilation and urinary 
tract catheterisation and were not infected. Never- 
theless, the major risk factors were the duration of 
stay, of mechanical ventilation and of urinary tract 
catheterisation. Moreover, as shown elsewhere (1, 3), 
intestinal colonisation preceded infection. It is thus 
necessary to identify fecal carriers of multiresistant 
Klebsiellapneumoniae (1) in order to control similar 
outbreaks by aseptic practices and intestinal decon- 
tamination (24). 

These extended spectrum beta-lactamases are now a 
worldwide problem. Various epidemiological fea- 
tures of these strains have been observed particular- 
ly in developing countries where these beta-lacta- 
mases are found especially in Salmonella species 
isolated from children (25). 
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