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Abstract
Providencia stuartii infections are not common. There are a few reports of declared outbreaks
or spreads. In our study, nosocomial dissemination by extended-spectrum β-lactamase
(ESBL) producing Providencia stuartii in a variety of clinics was investigated in a short period. Nine multidrug-resistant Providencia stuartii clinical isolates were collected between October and November in 2011. Nine isolates were obtained from six patients who had been
hospitalized in a variety of clinics at a university hospital in Turkey. The clonal relationship
among nine isolates was determined by pulsed-field gel electrophoresis. All isolates were
ESBL positive and resistant to quinolones, and we determined amikacin resistance to three
strains. There were two antibiotypes, and a second PFGE profile was not observed in different types. The outbreak was due to the dissemination of one epidemic multiresistant clone of
Providencia stuartii. We considered that it had been a common dissemination from a single
source and the first isolate which was collected from the first patient was epidemic clone. The
respiratory tract colonization of the first patient was considered to be the possible route of
transmission. The resistance to amikacin occurred during treatment with aminoglycoside. It
was noteworthy.
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Introduction
The genus Providencia is responsible for a wide range of
human infections, but they are rare and usually nosocomial. The first species of the genus now known
as Providencia was isolated by Rettger in 1904. There are
5 species of the genus Providencia. In descending order of
prevalence, they include Providencia stuartii, Providencia rettgeri, Providencia alcalifaciens, Providencia rustigianii, and Providencia heimbachae [1].
Providencia stuartii is a gram stain negative, facultative
anaerobe and motile bacteria. It is found in multiple animal reservoirs such as flies, birds, cats, dogs, cattle, sheep
and is also found commonly in soil, water, and sewage. It
is an opportunistic pathogen seen in patients with severe
burns or long-term indwelling urinary catheters. Provi104

dencia stuartii outbreaks are usually of urinary origin.
This species has been isolated from urine, stool, and
blood, as well as from sputum, skin, and wound cultures.
On the other hand, Providencia infections represent an
emerging problem because of the increasing prevalence of
antibiotic resistance. Providencia stuartii is an antibiotic
multi-resistant bacterium of the genus. Especially ESBLpositive strains are a problem in hospitalized patients
[2,3]
Providencia infections are not common. There are a few
reports declared outbreak or spread. In our study, nosocomial dissemination by extended-spectrum β-lactamase
(ESBL)-producing Providencia stuartii in a variety of
clinics was investigated in a short period (one month).
This is the first study reported in this sense in our country.
Moreover, there are a limited number of reports in this
regard globally.
Biomed Res- India 2014 Volume 25 Issue 1

Dissemination Of Multidrug Resistant Providencia Stuartii

Materials and Methods

Results

Nine multidrug-resistant Providencia stuartii clinical
isolates were collected between October and November in
2011. Nine isolates were obtained from six patients who
had been hospitalized in a variety of clinics (reanimation,
physical medicine and rehabilitation, neurology, and chest
diseases) at the university hospital of Turkey. These isolates were obtained from culture of urine, tracheal aspiration, broncho alveolar lavage (BAL) and blood specimens.

A total of nine isolates that were obtained from six patients who had been hospitalized in a variety of clinics
were identified as Providencia stuartii in a one-month
period. Four (two tracheal aspiration, urine and BAL) of
them were isolated from the patient from whom the first
isolation was determined (Table 2).

Isolates were identified by using either automated Vitek 2
system (BioMérieux) or conventional methods. Antimicrobial susceptibility testing was performed using the
disk diffusion method on Mueller-Hinton agar
plates. Minimal inhibitory concentrations (MIC) were
determined by the agar dilution technique and interpretations were made according to EUCAST (The European
Committee on Antimicrobial Susceptibility Testing) criteria (Table 1) [4]. ESBL detection was performed by the
double-disk synergy test as previously described [5].
The specimens were immediately collected for culture
from all patients (urine, blood, tracheal aspiration or
broncho alveolar lavage, rectal swabs, axilla swabs, and
nose swabs) and the environment (such as, aspirator
probe, aspirator reservoir, head of the bed, the nurse desk,
on the ground, tap water) in the reanimation department,
after first Providencia strain was isolated. Then, Providencia stuartii was isolated from tracheal aspiration of the
first patient but was not isolated from other specimens.
Subsequently, we defined Providencia stuartii from a
variety of routine samples collected from the same patient
and other patients in different departments (physical
medicine and rehabilitation, neurology, and chest diseases
clinic). In order to find the contamination source in these
departments, we did an investigation as defined above,
but the bacteria were not determined from the collected
specimens.
A total of nine isolates that were obtained from six patients who had been hospitalized in a variety of clinics
were identified as Providencia stuartii in a one-month
period.
The clonal relationship among nine isolates was determined by pulsed-field gel electrophoresis (PFGE) as previously described. PFGE was performed using the SpeI
restriction enzyme (10 U/µl) (Promega Corporation, WI,
USA) and buffer. A contour–clumped homogeneous electric field (CHEF) method was used for PFGE on a CHEF
DRII system (Bio-Rad). The dendogram was obtained by
Bionumerics program.
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All isolates were highly resistant to beta-lactams, aminoglycosides, and fluoroquinolones, except meropenem,
imipenem, and piperacillin/tazobactam. All isolates of
Providencia stuartii were ESBL positive and resistant to
quinolones. We determined amikacin resistance except in
three strains which were isolated from the same patient.
So, two different antibiotypes were determined (Table 2).
All the Providencia stuartii isolates yielded one PFGE
profile. Although there were two antibiotypes, a second
PFGE profile was not observed in different types (Figure
1).
Moreover, similar isolates have not been recovered before
or after the two-month survey period.
Table 1. Breakpoints for interpretation of MICs
Antibotics

MIC breakpoint (mg/L)
S≤
R>

Ampicillin

8

8

Ampicillin-sulbactam

8

8

Piperacillin

8

16

Piperacillin-tazobactam

8

16

Cefepime

1

4

Ceftazidime

1

4

Cefuroxime

8

8

Imipenem

2

8

Meropenem

2

8

Ciprofloxacin

0.5

1

Levofloxacin

1

2

Amikacin

8

16

Gentamicin

2

4

Tigecycline

1

2
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Table 2. Patients and Providencia stuartii strain characteristics

Isolate
No.

Age/
Sex

Specimen

AM
P

SAM

PIP

TZ
P

FEP

CX
M

CA
Z

IP
M

ME
M

A

G
N

CIP

LE
V

TIG

isolation

Departmen
t

Antibioty
pe

PFGE
type

Date of

1

44M*

15.10.2012

REA

TA

R

R

R

S

R

R

R

S

S

S

R

R

R

R

1

A

2

44M*

21.10.2012

REA

TA

R

R

R

S

R

R

R

S

S

S

R

R

R

R

1

A

3

44M*

23.10.2012

REA

BAL

R

R

R

S

R

R

R

S

S

S

R

R

R

R

1

A

4

79-F

27.10.2012

REA

TA

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

5

72-M

29.10.2012

REA

TA

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

6

29-M

16.11.2012

NEU

Urine

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

7

44M*

16.11.2012

PMR

Urine

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

8

40-M

18.11.2012

NEU

Urine

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

9

83-F

20.11.2012

CD

Blood

R

R

R

S

R

R

R

S

S

R

R

R

R

R

2

A

* same patient
M, male; F, female; REA, reanimation; NEU, neurology ; CD, chest diseases; PMR, physical medicine and rehabilitation; TA, tracheal aspirate; R, resistant; S, susceptible; AMP,
ampicillin; SAM, ampicillin/sulbactam; PIP, piperacillin; TZP, piperacillin/tazobactam; FEP, cefepime; CXM, cefuroxime; CAZ, ceftazidime; IPM, imipenem; MEM, meropenem;
A, amikacin; GN, gentamicin; CIP, ciprofloxacin; LEV , levofloxacin; TIG, tigecycline;
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Figure 1. Pulsed-field gel electrophoresis patterns of genomic DNA of Providencia stuartii isolates.
PFGE profiles of SpeI-digested whole-cell DNA of Providencia stuartii isolates. Each lane number correspond to the
number of isolates.

Discussion
Providencia stuartii is aetiological agents of nosocomial
infections. It increases especially in the patients who recive medical care. It often leads to urinary tract infections,
and causes, though less frequently, respiratory and skin
infections. There are predisposing factors such as catheterization and intubation causing infections with this bacterium. Recently reported studies have expressed that the
increase in infections of Providencia stuartii is associated
with the increased use of some antibiotics such as colistin
[6]. These species have been isolated from urine, stool,
and blood, as well as from sputum, skin, and wound cultures. We have isolated nine Providencia stuartii strains
from blood, sputum, and tracheal aspirate specimens.
Providencia stuartii is the least susceptible Providencia
sp. and is naturally resistant to tetracyclines, some penicillins, older cephalosporins, sulphamethoxazole and
fosfomycin [7]. However, the acquired resistance is an
increasing problem. Providencia stuartii can be multiresistant to antibiotics especially to beta-lactams. Nevertheless, considering reports up to date, multi-drug resistance
was not a common situation. There are limited numbers
of notification related to outbreaks or dissemination
caused by multidrug resistant Providencia species
[3,8,9,10]. In our study, nosocomial dissemination caused
by Providencia stuartii occurred in a period of one
month. Providencia stuartii had an extended-spectrum βlactamase (ESBL) and was resistant to quinolones and
amikacin. This research is the first study on this topic in
our country and there are limited studies in the world.
In this study, antibiotic susceptibility profiles of the
strains were determined and determination of genotype
profiles was aimed at examining the clonal relationship.
104

We identified two different antibiotypes. Presence of
ESBL and resistance to quinolones were detected in all
the isolates, whereas amikacin resistance was determined
in all, except three strains which were isolated from the
same patient. Four isolates were obtained from this patient within one month. The first three of these four isolates were susceptible to amikacin, whereas the last isolate was resistant to amikacin and it was considered to be
the second antibiotype. First antibiotype complies with
(2'-N-acetyltransferase), AAC (2 ') and the second antibiotype complies with (6'-N-acetyltransferase type) AAC
(6 ') aminoglycoside resistance profile. The characterization of AAC (2') is resistant to all aminoglycosides except
of kanamycin and amikacin. AAC (6') is an enzyme with
activity responsible for amikacin resistance in gramnegative bacteria, especially in the family Enterobacteriaceae [11,12]. Some studies showed a similarity between
the AAC (2') and AAC(6') promoters, and emphasized the
potential of mutation in Enterobacteriaceae [13]. Another
study showed that the AAC (2') in some strains of Providencia stuartii can be induced to high levels of activity by
exposure to aminoglycosides. In this study, we determined that resistant to amikacin may be associated with
this similarity or mutations and may be the subject of
another study. Also, the second antibiotype profile was
determined from five isolates obtained from other patients. We determined that amikacin treatment had been
applied to the patient at the date range (08th-29th of October) when the first three strains were obtained.
The infections caused by ESBL-producing strains of Enterobacteriaceae are increasing day by day, but fewer
numbers of cases of ESBL producing Providencia stuartii
infections have been reported to date [14]. Otherwise,
prevalence and phenotypic characteristics of ESBL proBiomed Res- India 2014 Volume 25 Issue 1

Feyzioğlu/Güldemir/Karagöz/Erayman/Demircili/Baykan
ducing Providencia stuartii infections exhibit variation
among geographical areas. The reports in publications
particularly in countries such as Tunisia, Italy and the
Balkan countries have been noteworthy in recent years
[8,9,14,17,18]. Multi-strain work has not been reported
except for a few case reports in our country [20,21].
In our study, we used PFGE to assess a dissemination of
ESBL producing multidrug resistant Providencia stuartii
which occurred in a variety of clinics at a university hospital. The results of typing analysis suggest that the outbreak was mainly due to the dissemination of one epidemic multiresistant clone of Providencia stuartii. We
considered that it had been a common dissemination from
a single source and the first isolate which was collected
from the first patient was epidemic clone. The respiratory
tract colonization of the first patient was considered to be
the possible route of transmission. A well-known fact is
that many bacteria transmitted during healthcare derive
from human sources and inanimate environmental sources
[22]. In this regard, vector can be healthcare involving
touching the contaminated equipment before managing
the patient. By considering these situations, we collected
samples from all associated patients and inanimate environments after the first isolation. Almost no bacteria were
obtained from these specimens, except routine patient
specimens. After the spread of the first isolated bacteria to
the environment, the dissemination to other patients may
have occurred by healthcare involving touching the contaminated equipment before managing the patient. It is
remarkable that one epidemic clone of multi-resistant
Providencia stuartii in different clinics was detected,
although patients and their services were not related to
each other. We considered that this quick dissemination in
such a short period of time may have been caused by
factors such as the hospital surfaces and contaminated
water, etc. However, alternative ideas for route of transmission are open to debate.
In our study, nosocomial dissemination caused by Providencia stuartii occurred in a period of one month was
investigated. There was an ESBL producion and resistance to quinolones and amikacin. This is the first report
related to Providencia stuartii dissemination in our country. Two antibiotypes and a single genotype were determined for the nine strains. The occurrence of resistance to
amikacin in common clonal strains during treatment with
aminoglycoside was considered important information.
The outbreak was monoclonal and transmitssion of epidemic Providencia stuartii isolates was through a common source. The respiratory tract of the first patient was
considered to be the source. We must be ready for new
outbreaks which may lead to similar multidrug resistant
strains.
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