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Objectives. Serratia marcescens is a well-established as a nosocomial 
pathogen, resulting in considerable morbidity and mortality in im-
munocompromised patients. The aim of this study was to investigate 
an outbreak of Serratia marcescens at the Orthopaedic Clinic of the 
Clinical Center University of Sarajevo. Methods. A total of  96 strains 
from 79 patients were isolated. The isolates were identified by con-
ventional methods. Susceptibility testing was performed by the disc-
diffusion method following CLSI guidelines. Results were confirmed 
by VITEC-2 Compact. Results. From January to December 2010, 96 
strains from 79 patients were isolated at the Orthopaedic Clinic of the 
Clinical Center, University of Sarajevo.The strains were isolated from 
wound swabs, blood cultures and cerebrospinal fluid. The strains were 
identifed using current phenotypic methods as Serratia marcescens 
with identical biochemical characteristics and antibiotic susceptibil-
ity patterns. All strains were susceptible to imipenem, meropenem, 
amikacin, ciprofloxacin, levofloxacin and piperacillin/tazobactam. 
The infection control team was alerted and after investigation they 
discovered the same phenotype of Serratia marcescens in the anaes-
thetic vials used in procedures. This outbreak was extremely difficult 
to terminate, even with cohorting of patients, sterilisation of equip-
ment, reinforcement of handwashing and deep-cleaning of facilities. 
The implementation of new control measures terminated the outbreak 
in February 2011. Conclusion. Continuous monitoring of nosocomial 
infections is indispensable. Phenotypic characterization of the isolates 
is useful for studying the relationship of microbial pathogens.   The 
relationship of one clinical isolate to another during an outbreak is 
important in motivating the search for a common source or mode of 
transmission. 
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Introduction

Serratia marcescens is an opportunistic 
pathogen, which is now well established as 
a nosocomial pathogen, resulting in consid-
erable morbidity and mortality in suscep-
tible patients. Serratia marcescens has  been 

implicated as an aetiological agent in every 
conceivable kind of infection, including re-
spiratory tract infection, urinary tract infec-
tion, septicaemia, meningitis and wound in-
fection (1, 2). Patients most at risk are those 
in intensive care units who are subjected to 
medical devices, especially central venous 
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the last resort in the treatment of infections 
caused by Serratia marcescens ESBL, because 
they are not affected by most β-lactamases, 
including  ESBLs (12, 13).

The subject of this study was the investi-
gation of an outbreak of Serratia marcescens, 
using phenotypic methods and to empha-
size the importance of continuous monitor-
ing of nosocomial infections.

Material  and methods

Patient  data

From January to December 2010, we ob-
served an outbreak of Serratia marcescens 
involving 79 patients, at the Orthopaedic 
Clinic of the Clinical Center, University of 
Sarajevo. Before the onset of infection, all 
patients had been treated by orthopedic sur-
geons. Approximately within 48 hours after 
surgery the symptoms of infections occured.

Bacterial isolates and identification

A total of 96 isolates of Serratia marcescens 
were collected from 79 patients involved in 
the outbreak. The strains were isolated from 
wound swabs (78), blood cultures (17) and 
cerebrospinal fluid (1). Culture were made 
at the Institute of Clinical Microbiology of 
the University of Sarajevo Clinic Centre. 
Samples were plated on blood agar and Mac 
Conkey agar (Becton Dickinson, New Jer-
sey, United States). Mac Conkey agar  was 
used for selective isolation of Enterobacte-
riacae. These media are specially designed 
to distinguish lactose fermenting (pink to 
red) from non lactose–fermenting colonies 
(colourless or slightly beige). The plates were 
incubated overnight at 370 C in bacteriolog-
ical incubators. All isolates were identified 
by conventional biochemical testing (14) 
and interpretative criteria established by 
the Clinical  Laboratory Standards Institute 
(CLSI) guidelines (15). Results were con-

catheters, and those treated with broad-
spectrum antimicrobial drugs (2). The first 
description of nosocomial infection caused 
by Serratia marcescens was Wheat’s report of 
11 cases over a 6-month period in 1951 at 
Stanford University Hospital (3). Infections 
caused by this organism have been reported 
with increasing frequency since 1960 (4). 
Since the emergence of Serratia marcescens 
as a cause of infections was noticed, many 
aspects of the pathogenicity and virulence 
of the organism have been studied, includ-
ing adherence and hydrophobicity, lipopoli-
saccharide (LPS) and extracellular products 
(chitinase, several proteases, nuclease and li-
pase) (2). Serratia marcescens has expressed 
the ability to survive and grow under ex-
treme conditions, including in disinfectants, 
antiseptics and double-distilled water (5-7).

Nosocomial epidemics of infections 
caused by Serratia marcescens  have been de-
scribed in a variety of clinical settings, and 
different environmental sources have been 
identifed as reservoirs. Outbreaks have been 
traced to multiple sources, including con-
taminated solutions and disinfectants, intra-
venous fluids, mechanical respirators, intra-
venous catheters, ultrasonic nebulizers, fi-
beroptic bronchoscopes, and hand-to-hand 
transmission by hospital personnel (4-7).

In addition, Serratia marcescens often 
demonstrates multiple mechanisms of anti-
biotic resistance (2, 8-10), necessitating the 
use of antibiotics usually kept in reserve.  
The antibiotics of choice to treat a variety 
of infections are β-lactam agents such as 
penicillins, cephalosporins, monobactams 
and carbapenems. The introduction of them 
into therapy was rapidly followed by reports 
of resistance (11, 12). Microorganisms pro-
ducing extended-spectrum β-lactamases 
(ESBLs) were identifed in the early 1980-
ies (12). Production of ESBLs is the major 
mechanism of resistance to oxymino-ceph-
alosporins and aztreonam in Gram-negative 
bacteria (12, 13). Carbapenems are generally 
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firmed by VITEC 2 Compact (bioMerieux, 
Marcy l’Etoile, France). Use of the VITEC 
2 Compact with the Gram-negative cards 
(GN13) validated for use with the instru-
ment identifed the isolates as Serratia marc-
escens.

Susceptibility testing

Antimicrobial susceptibility testing was per-
formed by the Kirby-Bauer disc-diffusion 
method on Mueller-Hinton agar (14), ac-
cording to CLSI guidelines (15). Bacterial 
inocula were prepared by suspending the 
freshly grown bacteria in normal sterile sa-
line adjusted to a 0.5 McFarland standard. 
Antimicrobial susceptibility was deter-
mined for ampicillin, amoxiclilin/clavulanic 
acid, cefotaxime, ceftazidime, ceftriaxone, 
cefepime, gentamicin, amikacin, cipro-
floxacin, levofloxacin, piperacillin/tazobac-
tam, imipenem and meropenem. Results 
of antimicrobial susceptibility testing were 
confirmed by VITEC 2 Compact with AST 
cards. 

Infection control

In June 2010, it became apparent that an 
outbreak was occuring and infection control 
measures were reviewed. Patients known 
to be infected or colonised were isolated in 
single rooms, where possible. Extensive en-
vironmental microbiological investigations 
were started. Swabs were taken from numer-
ous surfaces, including walls,  floors with 
their edges and corners, doors and door 
handles, sinks, ventilators, stethoscopes and 
other personal medical devices. To address 
the possibility of human carriage, the hands 
and cellular phones of some of the health-
care workers were checked. Bottles of saline 
used for dilutions and one phosphate buf-
fer, multiple-dose vials of anaesthetics, drug 
bottles and boxes, soaps and disinfectants 
were swabbed and subcultured. The only 

positive result for the epidemic strain Serra-
tia marcescens was from a multiple-dose vial 
of anaesthetics used intravenously during 
procedures.

Statistical analysis

The statistical data were analyzed by descrip-
tive statistical values (statistical measures of 
counting-frequencies, percentages).

Ethical statement 

Ethical principles outlined in the World 
Medical Association Declaration of Helsinki 
were applied in this study.

Results

From January to December 2010, in 79 pa-
tients hospitalized in the Orthopedic Clinic 
of the  Clinical Center, University of Sara-
jevo, Serratia marcescens infections were 
registered. Before the onset of infection, 
all patients had been treated by orthopedic 
surgeons. Approximately within 48 hours 
after surgery, the symptoms of infection 
occurred. Laboratory findings showed el-
evated CRP 74 mg/l (range18-166), ESR 40 
mm/1h (range 6-88), leukocytosis 12.8x109/l 
(range7.9-18.6). Wound swabs, blood cul-
tures and one sample of cerebrospinal fluid 
from patients were sent to the Institute of 
Clinical Microbiology and all were positive 
for Serratia marcescens, with identical bio-
chemical characteristics and antibiotic sus-
ceptibility patterns. The gender structure of 
patients was: 31 (39%) males and 48 (61%) 
females. The average age of the patients was 
48 years (range from 20 to 76). Most of the 
patients (n=52; 65%) were older than 50 
years. 

A total of 96 samples from 79 patients in-
volved in the outbreak were collected. The 
strains were isolated from wound swabs 
(78/96; 81%), blood cultures (17/96; 18%) 

Maida Šiširak et al.: Nosocomial infections



28

Acta Medica Academica 2013;42:25-31

and cerebrospinal fluid (1/96; 1%).The high-
est number of positive cultures were regis-
tered in May and June (33/96; 34.3%) (Fig-
ure 1).

The strains were identified with current 
phenotypic methods as Serratia marcescens 
with identical biochemical characteristics 
and antibiotic susceptibility patterns. The 
isolates showed resistance to ampicillin, 
amoxycillin-clavulanic acid, cefotaxime, 
ceftriaxon, ceftazidime, cefepime, trim-
ethoprim/sulfometaxazole and gentamicin. 
Isolates remained susceptible to imipenem, 
meropenem, amikacin, ciprofloxacin, levo-
floxacin and piperacillin/tazobactam.

The infection control team was alerted 
and, after investigation, discovered the same 
phenotype of Serratia marcescens in a multi-
ple-dose vial of anesthetic used during pro-
cedures.

All other environmental screens were 
negative for Serratia marcescens. The multi-
ple-dose vial of anesthetic was changed with 
a separate vial in January 2011. Enhance-
ment infection control measures were im-
plemented and the outbreak was terminated 
in February 2011.

Discussion

Over the last 40 years, Serratia marcescens 
has become an important cause of nosoco-

mial infections. There have been many re-
ports concerning the identification, antibi-
otic susceptibility, pathogenicity and epide-
miological investigation of this microorgan-
ism (2, 8). Outbreaks have been described in 
a variety of clinical settings and different en-
vironmental sources have been identified as 
reservoirs (1, 2, 8). Accurate identification is 
important in defining outbreaks (1, 11).

In this study, we examined an outbreak 
of Serratia marcescens involving 79 patients, 
in the Orthopedic Clinic of the Clinical 
Center, University of Sarajevo. Before the 
onset of infections, all patients had been 
treated by orthopedic surgeons. Approxi-
mately within 48 hours after surgery the 
symptoms of infections occured. Labora-
tory findings showed elevated CRP, ESR, 
leukocytosis. Wound swabs, blood cultures 
and one cerebrospinal fluid sample from pa-
tients were sent to the Institute of Clinical 
Microbiology and all were positive for Ser-
ratia marcescens, with identical biochemical 
characteristics and antibiotic susceptibility 
patterns. All patients had episodes of clini-
cally significant infection and required ther-
apy with antibiotics. There were 17 episodes 
of septicemia, one meningitis and 78 wound 
infections. The situation was dramatic, and 
we decided to start an investigation. The 
Infection Control Team was alerted and an 
investigation carried out. Of the several pos-

Figure 1 Laboratory-reported positive Serratia marcescens culture (cerebrospinal fluid, blood cultures, wound 
swabs) by month and culture site, January 2010 – January 2011.
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sible mechanisms for the pathogenesis of 
infections, given the nature of the outbreak 
(rapid onset post-surgery, complexity of the 
surgeries, severity of disease) a direct in-
travenous bolus of bacteria was suspected. 
This could have occurred if one or more of 
the following were contaminated: medica-
tions used during surgery, instruments, skin 
overlaying the site of surgery, or the hands 
of personnel performing the procedure (16, 
17). Extensive environmental microbiologi-
cal investigations were performed. A posi-
tive result for the epidemic strain of Serratia 
marcescens came from a multiple-dose vial 
of anesthetic used intravenously to provide 
general anesthesia during surgical proce-
dures. All other environmental screens were 
negative for  Serratia marcescens.

Both the epidemiologic and microbio-
logic evidence supported the contaminated 
vial of anesthetic as the cause of this out-
break. This is a very important finding, espe-
cially since in available literature we found 
very rare similar cases (16, 17). Halaby et al. 
(17) reported a case of fatal bacterial men-
ingitis after spinal anesthesia. Several stud-
ies described  infections caused by Serratia 
marcescens associated with contaminated 
disinfectants and antiseptics (5, 6, 18-20). 
Sauter et al. (6) reported a case of meningi-
tis associated with contamination of a skin 
antiseptic solution containing benzalko-
nium chloride. Bosi et al. (20) reported an 
outbreak of Serratia marcescens infection in 
the neurosurgery intensive care unit due to 
contamination of hexetidine solutions.

The outbreak in our hospital was ex-
tremely difficult to terminate, even with 
cohorting of patients, sterilization of equip-
ment, reinforcement of hand-washing and 
deep-cleaning of facilities. As a result, en-
hancement infection control measures were 
implemented, as well as a recommendation 
for use of single vials. It was suggested that 
use of multi-dose vials is a constant threat, 
and separate vials should be used. Sepa-

rate vials of medicines should be used for 
patients and the approach to procedures 
should be with all aseptic precautions. 

Knowledge and practice of infection 
control measures are mandatory and should 
always be emphasized to staff. Continuous 
monitoring of nosocomial infections is es-
sential. Nosocomial infections with multi-
drug-resistant organisms (MDROs) are a 
major cause of morbidity and mortality (1). 
A lot of patients were colonized with MDROs 
on admission, indicating the importance of 
screening on admission to intensive care 
units (ICUs). Screening on admission allows 
early detection and limits dissemination of 
these strains with application of appropri-
ate control measures (21). The factors which 
predispose colonization and infection with 
MDROs are most often transmitted among 
patients by the hands of personnel. So, it was 
suggested that permanent control of person-
nel is necessary (21). The implementation of 
new control measures and replacement the 
multiple-dose vials of anesthetic with sepa-
rate vials terminated the outbreak in Febru-
ary 2011. 

We examined the outbreak using pheno-
typic methods. Phenotypic characterization 
of the isolates is useful for studying the re-
latedness of microbial pathogens. Related-
ness of one clinical isolate to another dur-
ing an outbreak is important in motivating 
the search for a common source or mode of 
transmission. Epidemiologically unrelated 
isolates could have similar characteristics 
and they may not be distinguished by pheno-
typic methods. Genotypic characterization 
of the isolates is necessary in these cases.

Unfortunately, in this study we did not 
characterize the examined isolates by using 
molecular methods because these methods 
have not  been applied in our Institute. We 
know that it is limitation of this investiga-
tion, but we solved the problem using simple 
resources in the environment. Lately, molec-
ular methods are being used more frequent-
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ly worldwide in typing hospital pathogens, 
since they allow genotypic characterization 
of the isolates (22). More recent studies with 
a wide range of strains and different primers 
have confirmed that RAPD-PCR is a prom-
ising method (22). Molecular methods have 
many advantages such as reproducibility, 
discriminatory power, ease of interpretation 
and performance. By applying this tech-
nique to all new isolates it should be possi-
ble to detect rapidly an outbreak of infection 
and allow the problem to be monitored and 
the source of the initial infection traced (22).  
This approach ensures a rapid and more ad-
equate response by the infection control 
team, contributes to a reduction in the num-
ber of hospital infections and improvement 
of the quality of patient health care.

Conclusion

We examined the outbreak in our hospital 
using phenotypic methods. A positive result 
for the epidemic strain Serratia marcescens 
came from a multiple-dose vial of anesthetic 
used during procedures. Phenotypic charac-
terization of the isolates is useful for study-
ing the relatedness of microbial pathogens. 
Relatedness of one clinical isolate to another 
during an outbreak is important in motivat-
ing the search for a common source or mode 
of transmission. Phenotypic methods have 
some limitations, which can be overcome 
by using genotypic methods. Continuous 
monitoring of nosocomial infections is es-
sential. Knowledge and practice of infection 
control measures is mandatory and should 
be always emphasized to staff.
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