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A remarkable increase in Proteus mirabilis strains producing acquired AmpC-type [3-lactamases (CBLs)
has been observed at Ospedale di Circolo e Fondazione Macchi (Varese, Italy) over the last few years.
The epidemiology and treatment outcome of infections associated with this unprecedented spread are
reported. From 2004-2006, 2070 P. mirabilis isolates were investigated. Extended-spectrum (3-lactamases

Keywords: ) (ESBLs) and CBL resistance determinants were identified by gene amplification and direct sequenc-
En_terob_acterlaceae ing. Clonal relatedness was evaluated by macrorestriction analysis. Overall, 43 CBL-positive isolates
iﬂﬁg}lﬂgg resistance were obtained from hospitalised (n=22) and non-hospitalised (n=21) patients (median age 78.8 years).
Treatment The prevalence of CBL-positive isolates increased from 0.3% in 2004 to 4.6% in 2006, whereas that
Outcome of ESBL-positive isolates remained constant (ca. 10%). CBL-positive isolates were multidrug-resistant

and carried the CMY-16 determinant. All but two isolates were genetically identical or closely related.
Retrospective analysis of clinical records revealed that the majority of CMY-16-positive isolates were
associated with urinary tract infections. Treatment with amikacin or carbapenems was consistently effec-
tive, whereas piperacillin/tazobactam produced a clinical response in seven of nine cases. This is the
first report of a rapid spread of CBL-positive P. mirabilis strains endowed with remarkable antimicrobial
resistance. Practical methods for CBL detection are needed for the appropriate management of related

infections.

© 2008 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

AmpC-type -lactamases (CBLs), belonging to Ambler’s molec-
ular class C and group 1 of the Bush-Jacoby-Medeiros functional
classification, are a large group of enzymes that degrade most {3-
lactams, with the exception of carbapenems and, to a lesser extent,
zwitterionic oxyimino-cephalosporins (such as cefepime and cef-
pirome). These enzymes are poorly inhibited by clavulanic acid and
penicillanic acid sulfone [1,2]. CBLs are encoded by chromosomal
genes resident in some Gram-negative pathogens, but a number of
them are encoded by genes associated with mobile DNA elements
capable of spreading by horizontal gene transfer. Acquired CBLs,
which are usually plasmid-mediated and fall into six phylogenetic
groups, are emerging worldwide in various species of Enterobacte-
riaceae such as Klebsiella pneumoniae, Klebsiella oxytoca, Escherichia
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coli, Salmonella spp. and Proteus mirabilis as a mechanism of
acquired resistance to third-generation cephalosporins [1,3-6]. The
epidemiological impact of these enzymes remains much lower than
that of classical extended-spectrum [3-lactamases (ESBLs) [7]. Very
little is known in terms of the clinical management and outcome of
infections caused by enterobacteria producing acquired CBLs [8].

In P. mirabilis, the production of acquired CBLs belonging to
different lineages (ACC, CMY/LAT and DHA) has been occasion-
ally reported from Europe, the USA and Asia [7,9-12]. No major
outbreaks have been reported yet. At Ospedale di Circolo e Fon-
dazione Macchi (Varese, Italy), ESBL production has been detected
in P. mirabilis since 1997 [13], whilst the first strain of P. mirabilis
producing an acquired CBL (CMY-16) was detected in 2003 [14].
In the following years, a remarkable increase in resistance to third-
generation cephalosporins was observed among P. mirabilis isolates
obtained both from hospitalised and non-hospitalised patients.
Here we show that the increased resistance to third-generation
cephalosporins in P. mirabilis was associated with the clonal spread
of the CBL-positive strain first isolated in 2003. Dissemination of
this strain and the clinical management of infected patients are
reported.

0924-8579/$ - see front matter © 2008 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

doi:10.1016/j.ijantimicag.2008.09.007


http://www.sciencedirect.com/science/journal/09248579
http://www.elsevier.com/locate/ijantimicag
mailto:antonio.toniolo@gmail.com
dx.doi.org/10.1016/j.ijantimicag.2008.09.007

F. Luzzaro et al. / International Journal of Antimicrobial Agents 33 (2009) 328-333 329

2. Materials and methods
2.1. Bacterial isolates

Consecutive non-duplicate P. mirabilis isolates (obtained both
from inpatients and outpatients) were collected at the Microbiol-
ogy Laboratory of the Ospedale di Circolo e Fondazione Macchi over
a 3-year period (2004, n=740; 2005, n=650; and 2006, n=680).
Biochemical identification to species level was performed using
the Phoenix Automated Microbiology System (Becton Dickinson
Diagnostic Systems, Sparks, MD). The system also provided quanti-
tative determination of drug susceptibility, including to cefotaxime
and ceftazidime. Isolates showing either reduced susceptibility or
resistance to cefotaxime and/or ceftazidime (minimum inhibitory
concentration (MIC) > 2 mg/L) were suspected of producing ESBL
and/or CBL. These isolates were stored at —70°C for further inves-
tigation.

2.2. Extended-spectrum B-lactamase detection

ESBL production was assessed by disc diffusion according to
confirmatory criteria of the Clinical and Laboratory Standards Insti-
tute (CLSI) [15]. Bacteriological media and susceptibility discs were
obtained from Oxoid Ltd. (Basingstoke, UK). Briefly, susceptibil-
ity to cefotaxime (30 g) and ceftazidime (30 .g) alone and in
combination with clavulanic acid was determined. Results were
regarded as positive when the zone diameter around the disc con-
taining the drug in combination with clavulanic acid was >5 mm
larger than that around the disc containing the drug alone. In
CBL-producing isolates, the presence and nature of ESBL determi-
nants was assessed by molecular analysis, as described previously
[16].

2.3. AmpC-type B-lactamase detection

CBL production was first evaluated on the basis of decreased
cefoxitin susceptibility using a standard disc diffusion method.
[solates showing an inhibition zone diameter <18 mm around the
cefoxitin disc (30 wg) were regarded as suspect for harbouring
a CBL determinant [17]. The presence of an acquired CBL deter-
minant and its nature were investigated by molecular methods.
Briefly, ampC-like determinants were amplified by polymerase
chain reaction (PCR) using primers specific for plasmid-mediated
CBLs, including CMY/LAT, DHA/MOR, CMY/MOX, FOX, ACT and
ACC genes [14]. Isolates positive for CMY/LAT determinants were
subjected to further PCR analysis. The complete coding sequences
were amplified using CMY/F and CMY/R primers, as described
previously [14]. PCR products were purified and subjected to
double-strand sequencing using amplification primers (Macro-
gen Inc., Seoul, South Korea). CBL-positive isolates were further
investigated by the Etest method (AB BIODISK, Solna, Sweden)
in order to evaluate an extensive range of MICs for the following
drugs: ampicillin; piperacillin; piperacillin/tazobactam (PIP/TAZ);
cefoxitin; cefotaxime; ceftriaxone; ceftazidime; cefepime;
aztreonam; imipenem; meropenem; amikacin; gentamicin;
ciprofloxacin; levofloxacin; and trimethoprim/sulfamethoxazole
(SXT).

2.4. Genotyping by pulsed-field gel electrophoresis (PFGE)

PFGE profiles of genomic DNA from 43 CBL-positive P. mirabilis
isolates were analysed by means of the Gene Path System (Bio-
Rad Laboratories, Richmond, CA) using the restriction enzyme Sfil
(Promega, Madison, WI). DNA fragments were electrophoresed in
1% agarose gel in 0.5x Tris—borate-ethylene diamine tetra-acetic

acid (EDTA) buffer at 14°C, 6 V/cm for 20 h, with pulse times rang-
ing from 2.50s to 30s. Bacteriophage A concatemers (Promega)
were used as DNA size markers. Clonal relationships based on PFGE
patterns were interpreted according to the criteria proposed by
Tenover et al. [18].

2.5. (linical data

Clinical records of hospitalised patients with infections caused
by CBL-positive P. mirabilis were reviewed retrospectively. The fol-
lowing data were collected: age; sex; diagnosis at admission; ward
of admission; site of infection; specimen source; underlying dis-
ease(s); treatment; and patient outcome. Data on antimicrobial
treatment (drug, dosage and duration) were collected taking into
account both the period preceding and that following the isola-
tion of CBL-positive P. mirabilis. Treatment outcome was defined as:
complete response (resolution of signs and symptoms of infection
with microbiological evidence of eradication); clinical response
(resolution of signs and symptoms in the absence of microbiological
evaluation); failure (absence of resolution or worsening of signs and
symptoms with or without microbiological evidence of persisting
infection); or not assessable (incomplete records or death occur-
ring within 72h of diagnosis). With regard to non-hospitalised
patients, the following data were collected: age; sex; site of infec-
tion; specimen source; residence in a nursing home; and hospital
admission(s) in the preceding 2 years.

3. Results
3.1. Evolution of B-lactam resistance during the study period

From 2004-2006, 258/2070 (12.5%) P. mirabilis isolates showed
reduced susceptibility or resistance to cefotaxime and/or cef-
tazidime, with an increasing prevalence over the 3-year period:
10.8% in 2004 (80/740), 11.2% in 2005 (73/650) and 15.4% in 2006
(105/680).

Based on CLSI criteria, 215 of the 258 isolates were con-
firmed as ESBL-producers (the nature of ESBL determinants was
not established). The prevalence of these isolates remained con-
stant over the study period (10.5% in 2004, 9.7% in 2005 and
10.9% in 2006). Among the 215 ESBL-positive isolates, 5 showed
reduced susceptibility or resistance to cefoxitin (inhibition zone
diameter <18 mm) and were taken as suspected CBL-producers.
Molecular analysis failed to demonstrate acquired CBL determi-
nants. The remaining 43 of the 258 isolates did not exhibit an
ESBL phenotype according to CLSI criteria, and were cefoxitin-
resistant (inhibition zone diameter <14 mm). Molecular analysis
showed thatall 43 of the latter strains carried the recently described
blacyy-16 acquired CBL gene [14]. Three of the isolates (VA-1395/05,
VA-0186/06 and VA-0197/06) also encoded the TEM-92 ESBL.
Fig. 1 summarises the procedures used to investigate P. mirabilis
isolates and the numbers of ESBL-positive and/or CBL-positive
strains.

Compared with that of ESBL-positive isolates, the prevalence
of CMY-16-positive isolates increased significantly over time (0.3%
in 2004, 1.5% in 2005 and 4.6% in 2006). Thus, CMY-16-producers
represented the major reason for the increase in third-generation
cephalosporin resistance observed from 2004 to 2006.

PFGE macrorestriction analysis revealed that 41 of the 43 iso-
lates were identical or closely related to the CMY-16-positive
isolate detected in 2003 (VA-1017/03). Three of the clonally
related isolates carried the TEM-92 determinant in addition to
CMY-16. The remaining two isolates only produced the CMY-16
enzyme and were not genetically related to the VA-1017/03 isolate
(Fig. 2).
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Proteus mirabilis isolates
(n=2070)

Screening test: reduced susceptibility or
resistance to CTX and/or CAZ (MIC 2 2 mg/L)
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synergy hetween CLA and CTX or CAZ
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All CBL-negative
by gene amplification with specific primers

All CMY-16-positive 2
by gene amplification and DNA sequencing

Fig. 1. Number of isolates and procedures used for the selection of extended-spectrum [3-lactamase (ESBL)- and AmpC-type [3-lactamase (CBL)-positive Proteus mirabilis
isolates. CTX, cefotaxime; CAZ, ceftazidime; CLA, clavulanic acid; FOX, cefoxitin. *Three of CMY-16-positive isolates co-produced the TEM-92 ESBL.

3.2. Invitro susceptibility to clinically relevant drugs

CMY-16-positive isolates showed homogeneous [3-lactam resis-
tance phenotypes. As shown in Table 1, they were consistently
intermediate or resistant to most (3-lactams, including ampicillin,
piperacillin, cefoxitin, cefotaxime, ceftazidime and ceftriaxone. In
contrast, all strains remained susceptible to PIP/TAZ, cefepime,
aztreonam, imipenem and meropenem. The same profile was
also retained by the three isolates co-producing the TEM-92
ESBL, although elevated cefepime MICs were observed (8 mg/L vs.
2-4mg/L). With regard to non-B-lactam drugs, CMY-16-positive
isolates were consistently resistant to SXT and fluoroquinolones but
susceptible to amikacin and gentamicin (with the exception of the
three isolates co-producing TEM-92 that were also characterised
by high-level gentamicin resistance) (Table 1).

3.3. Patient population and source of specimens producing the
CMY-16 enzyme

The mean+standard deviation age of the 43 patients with
infections caused by CMY-producing isolates was 75.1 + 15.3 years
(median 78.8 years), i.e. similar to that of patients infected by ESBL-
positive strains (mean 75.9 +16.6 years; median 75.6 years). In
contrast, younger patients (mean 57.6 +27.6 years; median 65.4
years) were infected with ESBL- and/or CBL-negative P. mirabilis
strains. The female/male ratio was 1.1 among patients infected by

Table 1

Resistance phenotype of CMY-16-positive Proteus mirabilis isolates.

Drug Resistance phenotype? MIC (mg/L)
Ampicillin R >128
Piperacillin R >128
PIP/TAZ S 2/4-4/4
Cefoxitin R 32-64
Cefotaxime R >128
Ceftriaxone I-R 16-32
Ceftazidime R 32-64
Cefepime S 2-4b
Aztreonam S 1-2
Imipenem S 2-4
Meropenem S 0.064-0.25
Amikacin S 4-8
Gentamicin S-1 4-8°
Ciprofloxacin R >32
Levofloxacin R >32

SXT R >2/38

MIC, minimum inhibitory concentration; I, intermediate; R, resistant; S, susceptible;
PIP/TAZ, piperacillin/tazobactam; SXT, trimethoprim/sulfamethoxazole.

2 According to Clinical and Laboratory Standards Institute criteria [15].

b [solates VA-1395/05, VA-0186/06 and VA-0197/06 (which co-produced the TEM-
92 extended-spectrum {3-lactamase) had a cefepime MIC of 8 mg/L. These isolates
also showed high-level resistance to gentamicin (MIC > 128 mg/L).
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Fig. 2. Pulsed-field gel electrophoresis (PFGE) of genomic DNA digested with Sfil
of representative Proteus mirabilis isolates. Phage N concatemers were used as
size markers. Molecular sizes (in kb) are indicated to the left. Lane 1, VA-1017/03
(obtained in 2003) [14]; lanes 2 and 3, VA-0574/05 and VA-1395/05 (obtained in
2005), representative of isolates that showed a PFGE profile identical to that of
VA-1017/03; lanes 4 and 5, VA-0070/06 and VA-0414/06 (obtained in 2006), repre-
sentative of isolates that showed PFGE profiles closely related to that of VA-1017/03;
and lanes 6 and 7, VA-0832/05 and VA-0887/05 (obtained in 2005), the two CMY-16
isolates unrelated to VA-1017/03.

CMY-16-positive strains vs. 1.6 in those infected by ESBL-positive
isolates, and 2.1 in patients infected by P. mirabilis strains not car-
rying ESBL or CBL determinants.

[solates carrying the CMY-16 determinant were obtained both
from hospitalised (n=22) and non-hospitalised (n=21) patients. In
all cases, isolates were most frequently obtained from urine sam-
ples (72.8% and 90.5%, respectively). The remaining isolates were
obtained from the lower respiratory tract (13.6% inpatients, no
outpatients), skin and soft-tissue infections (9.1% inpatients, 9.5%
outpatients) and bloodstream infections (4.5% inpatients, no out-
patients).

Among hospitalised patients, CMY-16-positive isolates were
most frequently detected in medical wards (geriatrics, n =8; inter-
nal medicine, n=4; pneumology, n = 1; nephrology, n=1; infectious
diseases, n=1; oncohaematology, n=1), but also from Intensive
Care Units (n=2) and surgical wards (n=3). One isolate was
obtained from the blood of a patient admitted to the emergency
room.

Sixteen of 21 non-hospitalised patients were resident in long-
term care facilities (LTCFs), whereas the remaining five were
regarded as true outpatients. Thirteen of the LTCF patients had been
admitted to the hospital during the preceding 2 years (nine with
multiple hospitalisations in the same geriatric ward). Prior hospital
admissions were also documented in three of the five outpatients.
These observations suggest that the CMY-16-positive strain may
have initially spread from within the geriatric ward.

3.4. Antimicrobial treatment and outcome

Underlying co-morbidities, antimicrobial treatment and out-
come were assessable in only 15 of the 22 inpatients. As shown

in Table 2, different drugs were used for treating infections caused
by CMY-positive strains. Antimicrobial treatment included PIP/TAZ
(n=9), imipenem (n=3), meropenem (n=1), amikacin (n=3), gen-
tamicin (n=2), ciprofloxacin (n=2) and SXT (n=1). Overall, drugs
ineffective in vitro (i.e. ciprofloxacin and SXT) failed to resolve infec-
tions, whereas carbapenems and amikacin (consistently active in
vitro) were clinically effective. PIP/TAZ produced a clinical response
in seven of nine cases. The overall mortality was low (2/15 cases)
and was not directly attributable to infection.

4. Discussion

Acquired CBLs are emerging resistance determinants in Entero-
bacteriaceae and their increasing occurrence is of clinical and
microbiological concern. Until now, acquired CBLs have been
mainly reported from K. pneumoniae and E. coli [3,4,8,19], but only
occasionally in other species that are devoid of resident CBLs (i.e.
K. oxytoca, Salmonella spp. and P. mirabilis) [20]. With regard to P.
mirabilis, recent investigations consistently indicated a very low
prevalence of these enzymes: 0% in Korea [21]; 0.7% in Switzerland
[22]; and 1.4% in the USA [7]. To our knowledge, this is the first
report of the spread in a clinical setting of CBL-positive P. mirabilis
strains that, over a 3-year period, reached the remarkable preva-
lence of ca. 5% and accounted for one-third of P. mirabilis isolates
resistant to third-generation cephalosporins.

This large outbreak was mostly produced by dissemination of a
single P. mirabilis clone producing the CMY-16 enzyme that was first
detected at Ospedale di Circolo e Fondazione Macchi in 2003 [14].
The clonal dissemination was not only limited to inpatients of dif-
ferent hospital wards but also involved non-hospitalised patients,
most of whom were LTCF residents and had previous admissions
to the same geriatric ward. This observation indicates that the lat-
ter facilities may be responsible for the dissemination of resistant
strains, as in the case of ESBL-producers [23,24]. The investigated
strains appeared to have the potential for spreading across different
health facilities and even to the community. The clonal nature of the
outbreak suggests that suitable infection control measures could
have been effective at containing the dissemination. It is also worth
noting that clinical microbiology laboratories do play an important
role in identifying outbreaks of this type and in monitoring the
clinical outcome [25].

Treatment outcome could only be evaluated for a subgroup of
patients. CMY-positive P. mirabilis strains were mostly associated
with urinary tract infections in aged patients carrying a variety
of co-morbidities. Among the drugs active in vitro, carbapenems
and amikacin appeared consistently effective for these infections,
whilst PIP/TAZ was ineffective in some cases. However, it should
be noted that failures were observed among patients treated with
low dosages of this drug. As expected, the use of drugs inactive
in vitro (e.g. ciprofloxacin and SXT) resulted in clinical failure.
Based on these observations and on a recent analysis of the clin-
ical outcome of infections due to CBL-positive K. pneumoniae [8],
carbapenems should be regarded as the drugs of choice for serious
infections caused by CBL-positive organisms, as in the case of ESBL-
associated infections [26,27]. Amikacin may be a useful option,
taking into account its toxicity. The role of PIP/TAZ remains contro-
versial. Nevertheless, satisfactory responses obtained with PIP/TAZ
suggest that this drug combination may represent a valuable option
in non-life-threatening infections.

From a microbiological point of view, the spread of plasmid-
mediated AmpC-type enzymes highlights the need to establish
criteria for detecting and reporting CBL production. Our data
indicate that cefoxitin resistance in P mirabilis combined
with resistance to an oxyimino-cephalosporin (i.e. ceftazidime
or cefotaxime) is a valuable indicator for suspecting CBL



Table 2

Antimicrobial treatment of CMY-associated infections and related outcome.

Isolate Reason for admission Age Sex Date of Date of isolate ~ Ward Source of Antimicrobial Daily dose  Duration Treatment outcome Patient outcome
(years) admission collection isolate agent (days)
VA-0177/05 Removal of prosthetic 58 B 13 Jan. 2005 02 Feb. 2005 Neuro ICU Urine Amikacin 750 mg 12 Complete response  Transferred on Day 34 to
devices rehabilitative LTCF
VA-1088/05 Prostatic resection 76 M 24 Aug. 2005 25 Aug. 2005 Urology Urine Gentamicin 80mg x 3 6 Clinical response Discharged on Day 9
VA-1162/05  Liver failure 92 M 22 Sept.2005 23 Sept. 2005 Geriatrics Urine PIP/TAZ 225gx3 10 Failure Transferred on Day 30 to
nursing home
Imipenem 500mgx2 8 Complete response
VA-0104/06  COBP exacerbation 85 M 13 Jan. 2006 31 Jan. 2006 Geriatrics Urine PIP/TAZ 225gx3 12 Failure Death on Day 59 not
attributable to infection
Imipenem 1gx3 2 Not assessable
VA-0201/06 Cerebral thrombosis 90 F 02 Feb. 2006 28 Feb. 2006 Geriatrics Urine PIP/TAZ 225gx3 5 Clinical response Discharged on Day 35
VA-0299/06 Pulmonary carcinoma 47 F 26 Mar. 2006 30 Mar. 2006 Medicine Urine PIP/TAZ 2.25gx3 7 Clinical response Discharged on Day 17
VA-0313/06 Cerebral ischaemia 91 F 05 Mar. 2006 05 Apr. 2006 Geriatrics Urine Ciprofloxacin 400mgx2 6 Failure Discharged on Day 72
Gentamicin 120 mg x 2 7 Failure
PIP/TAZ 225gx3 11 Complete response
VA-0361/06 Wasting 91 F 31 Mar. 2006 19 Apr. 2006 Geriatrics Urine Amikacin 500mgx2 11 Complete response  Transferred on Day 37 to
nursing home
VA-0366/06 Pulmonary embolism 69 F 19 Apr. 2006 21 Apr. 2006 General ICU Urine Ciprofloxacin 400mgx2 6 Failure Discharged on Day 15
PIP/TAZ 2.25gx%x3 6 Clinical response
VA-0492/06 Cerebral ischaemia 69 M 13 May 2006 29 May 2006 Medicine Urine PIP/TAZ 45gx3 6 Clinical response Transferred on Day 25 to
nursing home
VA-0493/06 Respiratory failure 91 M 27 May 2006 29 May 2006 Pneumology Urine PIP/TAZ 2.25gx3 13 Clinical response Discharged on Day 13
VA-0530/06 Respiratory failure 60 M 17 Apr. 2006 07 June 2006 Pneumology Bronchoaspirate Amikacin 500mgx2 10 Clinical response Transferred on Day 66 to
nursing home
VA-0678/06 Hyperpyrexia in 66 M 10 Aug. 2006 14 Aug. 2006 Emergency room Blood Meropenem 1gx3 11 Complete response  Death on Day 77 not
post-neurosurgical attributable to infection
patient
VA-0777/06 Aplastic anaemia 67 M 30 Aug. 2006 04 Sept. 2006 Medicine Urine PIP/TAZ 45gx3 7 Complete response  Discharged on Day 16
VA-0833/06 Cerebral ischaemia 79 M 10 Sept. 2006 29 Sept. 2006 Medicine Urine SXT 480 mg 4 Failure Discharged on Day 25
Imipenem 500mgx2 8 Clinical response

ICU, Intensive Care Unit; LTCF, long-term care facility; PIP/TAZ, piperacillin/tazobactam; COBP, chronic obstructive bronchopneumonopathy; SXT, trimethoprim/sulfamethoxazole.
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production. However, current phenotypic methods are not conclu-
sive in this regard and molecular methods remain indispensable
[17].

It is worth noting that the simultaneous production of CBLs
and ESBLs (as observed in three isolates) complicates the phe-
notypic detection of ESBLs. In our experience, combination disc
tests failed to demonstrate ESBL production in P. mirabilis strains
co-producing TEM-92 and CMY-16. ESBL determinants could only
be demonstrated by molecular methods. In conclusion, expression
of plasmid-mediated CBLs in P. mirabilis considerably limits ther-
apeutic options. Practical laboratory methods are needed for the
detection of these determinants and the management of related
infections.
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