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Outbreaks by carbapenem-resistant Providencia stuartii (CRPS) are 
rarely described. Clinical characteristics of patients with CRPS in an 
intensive care unit and resistance mechanisms were investigated. 
Carbapenemase production and/or outer membrane alterations were 
not detected; only CTX-M-2 and AmpC hyperproduction were 
noted. The outbreak was ultimately controlled in a 3-month period. 
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Providencia species are members of the Enterobacteriaceae, 
which, unlike many other bacteria of this family, are an un
common cause of infections. Among the Providencia species, 
P. stuartii and P. rettgeri are the most common causes of 
infections, especially urinary tract infections in hospitalized 
patients, although other infections can occur.1 

Virtually all Providencia species can produce inducible 
AmpC /3-lactamases, and many isolates may also produce 
extended-spectrum ^-lactamases (ESBLs) in nosocomial set
tings.1 Nonetheless, carbapenem-resistant Providencia species 
are still rarely reported. In the few descriptions of carbapenem 
resistance in Providencia species, this phenotype was mediated 
by metallo-^-lactamase (MBL) production.1"3 Carbapenem 
resistance in Providencia species is of particular concern be
cause these bacteria are intrinsically resistant to polymyxins 
and tigecycline. In this study, we report an outbreak of car
bapenem-resistant P. stuartii (CRPS) that occurred in an in
tensive care unit (ICU). 

M E T H O D S 

All patients were admitted to Hospital Sao Lucas, a Bra
zilian teaching hospital; those who had a CRPS isolate 
recovered from April 2008 (index case) to June 2008 were 
included. The presence of infection was determined according 
to the Centers for Disease Control and Prevention (CDC) 
criteria.4 Medical records were reviewed to retrieve clinical 
information. 

All isolates of each patient were analyzed, except the isolate 
of the index case, which was not viable for culturing. Isolates 
were identified using the Vitek system (bioMerieux). Suscep
tibility testing was determined by disk diffusion and inter
preted by the Clinical and Laboratory Standards Institute 
criteria.5 Minimal inhibitory concentrations (MICs) were de
termined by E-test (bioMerieux). Escherichia co/i ATCC 25922 
and Pseudomonas aeruginosa ATCC 27853 were tested as qual
ity control strains. Phenotypic assay for detection of ESBL 
and AmpC production were conducted as described else
where.5,6 The genetic relatedness of the CRPS isolates was 
performed by pulsed-field gel electrophoresis (PFGE) and 
interpreted according to Tenover criteria.7 

Isoelectric focusing analysis was performed as screening to 
identify the /3-lactamase production using crude ^-lactamase 
extracts on ampholine polyacrylamide gel (pH 3.5-9.5; GE 
Healthcare), as described elsewhere.8 For detection of car
bapenemase production among the CRPS, a hydrolysis test 
of imipenem was assessed by ultraviolet spectrophotometry 
assays, as described elsewhere.9 Specific primers were used 
under standard polymerase chain reaction (PCR) conditions 
to detect ESBL- and carbapenemase-encoding genes, namely, 

""^TEW P'̂ SHV P'̂ CTX-M' ""^GSS> W"KPC> '''"OXA^SI "'"lMP> ''"'viM) 
fr'flsPM-i) fr^GiM-i' a n d k'flNDM-i-9 The detection of plasmid-me-
diated AmpC (pAmpC) encoding genes was carried out by 
a multiplex PCR, as described elsewhere.10 Amplicon se
quencing was performed for identification of the CTX-M 
encoding gene. 

Outer membrane protein (OMP) analysis of the CRPS was 
performed by SDS-PAGE (sodium dodecyl sulfate polyacryl
amide gel electrophoresis).11 The OMP of the P. rettgeri ATCC 
29944 and P. stuartii IAL 11 were also analyzed for compar
ison purposes. 

RESULTS 

In total, 11 isolates from 5 patients were recovered during 
the study period. Clinical characteristics of the 5 patients with 
CRPS are presented in Table 1. All but 1 patient received at 
least 1 j8-lactam antibiotic, including cefepime, ceftriaxone, 
or imipenem, at the time of or right before the isolation of 
CRPS. Only 2 patients received appropriate therapy with pi-
peracillin-tazobactam (4.5 g every 6 hours) and amikacin (1 
g every 24 hours), in combination with carbapenems, mer-
openem (2 g every 8 hours in a 3-hour infusion), and imi
penem (500 mg every 6 hours), respectively. 

All patients with CRPS were isolated in private rooms un
der contact precautions by the use of gown and gloves by 
any healthcare professional involved in the assistance of these 
patients. Exclusive medical and nursing equipment for each 
patient was used, as well as a strict environmental cleaning 
policy for rooms and for any object that might have come 
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TABLE 1. Clinical and Demographic Characteristics of the 5 Patients with Carbapenem-Resistant Providencia stuartii (CRPS) 

Outcome (no. of days 
from recovery of first 

Treatment isolate to outcome) Pt 
Age, Date of Site of Antimicrobial therapy in 

Sex years isolation isolation previous month 

1 M 41 April 

2 F 54 May 

3 M 14 May 
4 F 52 May 

Urine 

Blood3 

Ceftriaxone, ciprofloxacin, None 
and gentamicin 

5e 46 June 

Surgical woundb 

Central venous 
catheter' 

Tracheal aspirate None 

Cefepime, imipenem, 
and polymyxin B 

Imipenem 

Piperacillin-tazobactam 
plus meropenem 

Imipenem plus amikacin 
Cefepime and imipenem None for CRSPd 

Levofloxacin 

Death (1); attributable to 
a Staphylococcus aureus 
bloodstream infection 

Hospital discharge (62) 

Hospital discharge (34) 
Death (6); possibly related 

to CRPS infection 
Hospital discharge (22) 

NOTE. All isolations took place in 2008. F, female; M, male; Pt, patient. 
* Another CRPS was recovered from an ulcer secretion 19 days after its first isolation. We could not precisely define it as an infection 
or colonization. 
b One isolate was recovered from the same body site 4 days later, and 3 other CRPS isolates were recovered from urine after 12, 
15, and 16 days after of its first isolation. This patient also fulfilled the CDC criteria for urinary tract infection.8 

c Another CRPS was recovered from tracheal aspirate 3 days after its first isolation. This patient also fulfilled the CDC criteria for 
ventilator-associated pneumonia.8 

d Coinfection with methicillin-resistant S. aureus treated with linezolid. 
' Classified as a colonizer. 

into contact with colonized patients. No other measure, in
cluding restriction in carbapenem use, was adopted. The out
break was ultimately interrupted after the recovery of CRPS 
from patient 5. No CRPS case was detected in a 40-month 
period after the recovery of the last isolate. 

The cephalosporin and carbapenem MIC results are shown 
in Table 2. ESBL phenotypic assay was positive for all isolates, 
and AmpC production was detected as well. No imipenem 
hydrolysis was observed. The presence of blacrx_M_2 was de
tected in all isolates. No carbapenemase or pAmpC encoding 
genes were detected in any CRPS. The isoelectric focusing 
of crude j8-lactamase extracts from these strains supported 
our findings, showing /3-lactamases at estimated pis of 5.4, 
7.9, and 8.8 compatible with a class A non-ESBL TEM-1, 
CTX-M-2 (an ESBL), and de-repressed chromosomally en
coded AmpC, respectively. The OMP profile of the CRPS 
showed 2 bands corresponding to the 2 major porins of 37 
and 40 kDa, as described elsewhere.12 All CRPS showed a 
single PFGE pattern belonging to a unique clone. 

DISCUSSION 

CRPS isolates represent a serious clinical threat because these 
organisms are intrinsically resistant to last-resort agents such 
as polymyxins and tigecycline. Carbapenem resistance in En-
terobacteriaceae at this institution has been rare, so the finding 
of a CRPS, followed by a second case within a few days, has 
promptly drawn the attention of an infection control team. 
The high polymyxin B consumption in our ICU, owing to 
elevated rates of P. aeruginosa and Acinetobacter baumannii, 
might have played a role in the emergence of CRPS, although 
only a single patient has received such antibiotics prior to 

CRPS recovery, and this patient was not the index case. For
tunately, the outbreak was small, had a short duration, and 
was interrupted <3 months after the index case identification 
only with the adoption of contact precaution measures. 

The resistance mechanism to carbapenems could not be 
precisely defined, but it was not mediated by carbapenemase 
production such as Klebsiella pneumoniae carbapenemase or 
metallo-j8-lactamases. To our knowledge, this is the first de
scription of the emergence of carbapenem resistance due to 
noncarbapenemase production mechanism among P. stuartii. 
The role of AmpC production in conferring carbapenem re
sistance is supported by the fact that the index case patient 
had received a third-generation cephalosporin just before the 
CRPS isolation, which is known as a strong chromosomal 
AmpC inducer, and its use might have favored the AmpC 
de-repression. In addition, the other 2 patients were receiving 
imipenem, which is also a potent chromosomal AmpC in
ducer, when the CRPS isolates were recovered. The OMP 
profile of the CRPS showed 2 bands probably corresponding 
to Omp A and OmpPstl of 40 and 37 kDa, respectively, as 
described elsewhere.12 The presence of this protein on the 
SDS gel suggests that it was expressed, but we cannot rule 
out a potential conformational modification in these OMPs 
that could affect carbapenem permeability. Thus, the car-
bapenem-resistant phenotype was due to de-repression of 
chromosomally encoded AmpC and ESBL production, prob
ably coupled with one of the following mechanisms: confor
mational OMP alteration, modification of the penicillin-bind
ing proteins, or efflux-pump expression, which were not 
investigated in this study. 

Regarding antimicrobial therapy, 1 patient with blood-
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Susceptibility Profile of the 10 Providentia stuartii Clinical Isolates against Selected Antimicrobial Agents by E-test 

Pt1 

2 
2 
3 
3 
3 
3 
3 
4 
4 
5 

Strain 

P8 
P7 
P3 
P4 
P8 
P9 
P10 
P5 
P6 
Pl l 

AMK 

2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
4(S) 

PTZ 

16 (S) 
8(S) 
8(S) 
8(S) 
8(S) 

16 (S) 
16 (S) 
16 (S) 
8(S) 

16 (S) 

POB 

>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 

MIC in /tg/mL (category of susceptibility) 

CTX 

>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 

CAZ 

2(S) 
4(S) 
2(S) 
2(S) 
2(S) 
2(S) 
2(S) 
3(S) 
4(S) 
2(S) 

FEP 

>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 
>256 (R) 

256 (R) 
>256 (R) 
>256 (R) 

IMP 

>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 
>32 (R) 

MEM ERT DOR 

>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 
>32 (R) >32 (R) >32 (R) 

AmpC 
pheno-

typic test 

POS 
POS 
POS 
POS 
POS 
POS 
POS 
POS 
POS 
POS 

ESBL 

CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 
CTX-M2 

NOTE. Category of susceptibility determined according to Clinical and Laboratory Standards Institute (CLSI) guidelines. AMK, amikacin; 
CAZ, ceftazidime; CTX, cefotaxime; DOR, doripenem; ERT, ertapenem; FEP, cefepime; IMP, imipenem; MEM, meropenem; MIC, 
minimum inhibitory concentration; POB, polymyxin B; POS, positive; Pt, patient; PTZ, piperacillin/tazobactam; R, resistant; S, susceptible. 
a The isolate from patient 1 was not recovered for analysis. 

stream infection was treated with a combination regimen of 
high-dose piperacillin-tazobactam and high-dose extended-
infusion meropenem. These measures might have overcome 
the effect of de-repressed AmpC coupled with ESBL pro
duction. The other patient was treated with aminoglycoside 
in combination with imipenem for a relatively mild surgical 
wound infection. 

In summary, we described a small outbreak caused by 
rarely described CRPS isolates. Carbapenem resistance could 
not be attributed to carbapenemase production. De-repres
sion of chromosomally encoded AmpC coupled with ESBL 
production certainly contributed for this phenotype, but it 
was probably associated with other adjuvant mechanisms that 
require further investigation. 

ACKNOWLEDGMENTS 

We thank Dr Luis Martinez-Martinez from the University Hospital Marques 
de Valdecilla, Santander, Spain, for helping with the OMP evaluation. We 
also thank the National Council for Scientific and Technological Development 
(CNPq), Ministry of Science and Technology, Brazil, for providing researcher 
grants to A.P.Z. (process number: 301829/2008-0) and A.C.G. (process num
ber: 307816//2009-5). 

Potential conflicts of interest. All authors report no conflicts of interest 
relevant to this article. All authors submitted the ICMJE Form for Disclosure 
of Potential Conflicts of Interest, and the conflicts that the editors consider 
relevant to this article are disclosed here. 

Affiliations: 1. Infectious Diseases Service, Hospital de Clinicas de Porto 
Alegre, Brazil; 2. Laboratdrio ALERTA, Division of Infectious Diseases, Univ-
ersidade Federal de Sao Paulo, Sao Paulo, Brazil; 3. Infection Control Service, 
Hospital Sao Lucas da Pontificia Universidade Catdlica do Rio Grande do 
Sul, Porto Alegre, Brazil. 

Address correspondence to Alexandre P. Zavascki, MD, PhD, Infectious 
Diseases Service, Hospital de Clinicas de Porto Alegre, 2350 Ramiro Barcelos 
Street, Porto Alegre 90.035-903, Brazil (azavascki@hcpa.ufrgs.br). 

Received October 26, 2011; accepted January 6, 2012; electronically pub
lished April 24, 2012. 
© 2012 by The Society for Healthcare Epidemiology of America. All rights 
reserved. 0899-823X/2012/3306-0015$15.00. DOI: 10.1086/665730 

R E F E R E N C E S 

1. Lee HW, Kang HY, Shin KS, Kim J. Multidrug-resistant Prov
identia isolates carrying WaPER-1, b/aVIM-2, and armA. J Mi
crobiol 2007;45:272-274. 

2. Miriagou V, Tzouvelekis LS, Flevari K, Tsakiri M, Douzinas EE. 
Providentia stuartii with VIM-1 metallo-/3-lactamase. / Anti-
microb Chemother 2007;60:183-184. 

3. Shiroto K, Ishii Y, Kimura S, et al. Metallo-j3-lactamase IMP-1 
in Providentia rettgeri from two different hospitals in Japan. / 
Med Microbiol 2005;54:1065-1070. 

4. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance 
definition of health care-associated infection and criteria for 
specific types of infections in the acute care setting. Am } Infect 
Control 2008;36:309-332. 

5. Clinical and Laboratory Standards Institute. 2009. Performance 
standards for antimicrobial susceptibility testing. CLSI docu
ment M100-S19. Clinical and Laboratory Standards Institute, 
Wayne, PA. 

6. Thomson KS. Extended-spectrum-/3-lactamase, AmpC, and car
bapenemase issues. / Clin Microbiol 2010;48:1019-1025. 

7. Tenover FC, Arbeit RD, Goering RV, et al. Interpreting chro
mosomal DNA restriction patterns produced by pulsed-field gel 
electrophoresis: criteria for bacterial strain typing. / Clin Mi
crobiol 1995;33:2233-2239. 

8. Poirel L, Naas T, Guibert M, Chaibi EB, Labia R, Nordmann P. 
Molecular and biochemical characterization of VEB-1, a novel 
class A extended-spectrum /3-lactamase encoded by an Esche
richia coli integron gene. Antimicrob Agents Chemother 1999;43: 
573-581. 

9. Picao RC, Poirel L, Gales AC, Nordmann P. Diversity of 0-
lactamases produced by ceftazidime-resistant Pseudomonas aeru-

https://doi.org/10.1086/665730 Published online by Cambridge University Press

mailto:azavascki@hcpa.ufrgs.br
https://doi.org/10.1086/665730


6 3 0 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY JUNE 2 0 1 2 , VOL. 3 3 , NO. 6 

ginosa causing bloodstream infections in Brazil. Antimicrob 
Agents Chemother 2009;53:3908-3913. 

10. P6rez-P6rez FJ, Hanson ND. Detection of plasmid-mediated 
AmpC /3-lactamase genes in clinical isolates by using multiplex 
PCR. / Clin Microbiol 2002;40:2153-2162. 

11. Hernandez-Alles S, Albert! S, Alvarez D, et al. Porin expression 

in clinical isolates of Klebsiella pneumoniae. Microbiobgy 1999; 
145:673-679. 

12. Tran QT, Mahendran KR, Hajjar E, et al. Implication of porins 
in /3-lactam resistance of Providencia stuartii. J Biol Chem 2010; 
285:32273-32281. 

https://doi.org/10.1086/665730 Published online by Cambridge University Press

https://doi.org/10.1086/665730



