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Abstract: Methicillin resistant Staphylococcus aureus (MRSA) strains lead to severe infections in immunosupressive
patients, geriatric population and premature infants. 27 MRSA strains isolated in the Neonatal Intensive Care Unit
was considered as an outbreak and it was aimed to investigate the genetic and epidemiologic relation of the MRSA
outbreak. MecA gene was investigated in the S. aureus strains and pulsed field gel electrophoresis (PFGE) was used
to investigate the genetic relation between outbreak strains. MecA gene was showed in all isolates. PFGE revealed
that there were two different strains and most of the isolates (25/27) were owing to same clone. One of the samples
were found closely related with the common strain and the other sample was found genetically unrelated. To termi-
nate the outbreak; liquid baby food was gained to the baby food kitchen, no more new patient was imported to the
neonatal unit and none of the patients were exported from neonatal unit to other clinics during outbreak, education
about infection control precautions was given to all the staff and nursing bottle dishwasher was obtained. To man-
age and terminate the outbreak, besides the infection control precautions, tests to determine the genetic relation
between outbreak strains which are done in the microbiology laboratory are needed. Molecular analysis of outbreak
strains will contribute to prove the epidemiologic and evolution of outbreaks.
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Introduction medical personnel. Nosocomial infections are
considered to be caused by direct contact with
Staphylococci are one of the major causative the hands of medical personnel [4].
agents of nosocomial infections. Increase in
the number of methicillin resistant Stap-
hylococcus aureus (MRSA) strains lead to diffi-
culties in treatment and increase morbidity and

mortality rates [1]. MRSA, may lead to wide

In the management of outbreaks, rapid and reli-
able determination of genetic relation between
outbreak strains is a very important tool to
organize the infection control precautions [5].

variety of clinical manifestations like skin and
soft tissue infections, bacteremia, pneumonia,
endocarditis, toxic shock syndrome [2]. MRSA
leads to severe infections in immun-compro-
mised hosts, especially in geriatric and prema-
ture patients. Broad spectrum antibiotic thera-
pies, invasive procedures and surgical
interventions are the major reasons of MRSA
outbreaks [3, 4]. The route of nosocomial infec-
tions are, endogenous infections caused by the
microorganisms inhabiting the patient’s phar-
ynx, nasal cavity and skin and exogenous infec-
tions from other patients, medical devices and

Pulsed field gel electrophoresis is the gold stan-
dard method to investigate the genetic relation
[1, 6, 7]. In this study we aimed to analyze the
clonal relation of the MRSA outbreak seen at
the Neonate Intensive Care Unit (NICU) of
Uludag University Hospital.

Materials and methods

Culture samples and Staphylococcus aureus
strains

In this study we investigated 26 gastric aspira-
tion specimen (GAS) and one tracheal aspira-



MRSA outbreak in neonatal ICU

Figure 1. Strain relation according to PFGE (Lane 1,
5 and 10: Molecular marker) (PCR 20 bp Low Ladder,
Sigma-Aldrich, USA).

tion specimen (TAS) from 10 patients at the
NICU. Bacterial identification and antibiotic
susceptibility tests were done in BD Phoenix
100 (Becton Dickinson, USA) system. Methicillin
resistance tests were repeated according to
Clinical and Laboratory Standards Institute
(CLSI) recommendations by cefoxitin disc in the
Kirby Bauer disc diffusion method [8]. Baby
food samples and nasal samples of medical
personnel were cultured as a possibble source
of MRSA.

MecA gene detection by polymerase chain
reaction (PCR)

Bacterial colonies grown on solid media were
transferred to tubes containing 500 ul distilled
water and after 24 hours of incubation at-80°C
and then brought to room temperature.
Suspensions were transferred to heat blocks
and incubated at 100°C for 10 minutes and
then centrifuged at 12.000 g at 4°C for three
minutes. Supernatant was used for PCR. MecA
gene was researched according to the method
done by Murakami et al. [9]. PCR products were
visualized after electrophoresis on 2% aga-
rose.

Pulsed field gel electrophoresis (PFGE)

Colonies grown on solid media were transferred
to cell suspension buffer including 10 mM Tris-
HCI, 50 mM EDTA and 20 mM NaCl and then
centrifuged at 13.000 g at 4°C for two minutes.
Pellet was added into 2% low melt agarose and
after adding 2 pl lysostaphine (10 mg/ml), it
was incubated at 4°C until solidification. Cells
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in the agarose were lysed by cell lysis solution 1
including 10 mM Tris-HCI, 50 mM NaCl, 50 mM
EDTA- 0.2% sodyum deoxicholate- 0.5% sar-
kosyl. After lysis agarose was incubated on ice
for solidification. Cells in the agarose were
lysed by cell lysis solution 2 including 30 pl pro-
teinase K (10 mg/ml) and 5970 pl ES solution
(2560 mM EDTA, 1% sarkosyl). Agarose molds
were washed thrice at 50°C for 30 minutes by
Tris-HCI-EDTA buffer (10 mM Tris-HCI, 0.1 mM
EDTA). Plug molds were divided into two by lan-
cet of which, one was used for PFGE and the
other was kept as a spare. Plug molds were
incubated at 30°C by Smal in water bath. Plug
molds were loaded on electrophoresis gel. All
gels were electrophoresed in 0.5x TBE buffer at
6 V/cm for 20 hours 14°C with a pulse duration
of 5.3 to0 34.9 seconds ramped linearly in CHEF-
DR Il system (Bio- Rad Laboratories, Belgium)
[10, 11]. Gels were stained with etidium bro-
mide, destained in distilled water and photo-
graphed with Biometra Gel Documentation
Module (Biometra GmBH, Germany). Band pro-
files were inspected by Bio Doc Analyze
Software (Biometra GmBH, Almanya). These
data were used to produce dendograms show-
ing unwighted pair group method with mathe-
matical averaging (UPGMA) cluster analysis of
Dice similarity coefficients produced from pair-
wise comparisons of the coded profiles which
was taken as 1%. Results were interpreted
accoding to Tenover criteria [12].

Results

S. aureus grown in all patient samples were
identified as MRSA according to CLSI [8]. All of
the strains were resistant against methicillin,
penicillin, rifampicin and tetracycline and sus-
ceptible to vancomycin, teicoplanin, trime-
thoprim/sulfamethoxazole and erythromycin.
Nine of 10 MRSA isolates were evaluated as
infectious agents and treated by glycopeptides.
One of the MRSA isolates, which was isolated
from patient five was evaluated as colonisation
and glycopeptid was not administered to the
patient who was being empirically treated by
amikacin and cefotaxime. All of the patients
survived after the MRSA outbreak. MecA gene
was found in all of the MRSA isolates. PFGE
band patterns are shown in Figure 1 and den-
dograms are shown in Figure 2. Dendogram
profiles revealed two different strains, of which
the majority of them (25/27) had the same
clonal origin. One of the strains (patient 9 and
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Figure 2. UPGMA patterns of strains; strain numbers and pul-

sotypes.

strain 26) were found to be closely related with
the common strain. One of the strains (patient
1 and strain 6) were found unrelated to other
strains and the results are summarized in Table
1 and Figure 2. S. aureus was not grown in
nasal specimens from the staff and baby food
samples.

Discussion

MRSA outbreaks are usually nosocomial infec-
tions and especially seen in intensive care
units, and burn units. These infections are usu-
ally seen as pneumoniae and sepsis which
increase morbidity and mortality [13-15]. S.
aureus can survive on environmental places for
a long time which is an important reservoir.
MRSA infected and colonized patients are the
other important reservoir for nosocomial infec-
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tions and insufficient practice of infection
control precautions lead to spread of these
strains [16-18]. MRSA incidence was found
related with the workload of nurses in a
study performed in an adult intensive care
unit [19]. Haley et al. [20] found that
increase in the number of patients in the
intensive care unit and decrease in the
number of medical staff prevents medical
staff to wash hands which results in spread
of infections. Hand hygiene of the medical
staff is the most important precaution for
nosocomial infections. Other precautions
in the control of MRSA outbreaks are intra-
nasal mupirocin ointment and vancomycin
treatment of patients [17, 21, 22].
Andersen et al. [23] had provided contact
isolation, treatment of infected and colo-
nised patients and medical staff, disinfect-
ed all the patient rooms and educated the
staff about infection control precautions to
stop the MRSA outbreak which was seen
in a NICU. In or hospital, patients were
treated with glycopeptide antibiotics, con-
tact isolation was carried out for the
patients, To terminate the outbreak, liquid
baby food was gained to the baby food
kitchen, no more new patient was import-
ed to the neonatal unit and none of the
patients were exported from neonatal unit
to other clinics during outbreak, education
about infection control precautions was
given to all workers and nursing bottle
dishwasher was obtained. After the treat-
ment of the last outbreak patient and no
more MRSA growth in culture plates, it was
thought that the outbreak was terminated.

Typing of bacterial strains is important in the
suspicion of an outbreak and proving the noso-
comial spread of infections. Phenotypic and
genotypic methods can be used for strain typ-
ing, but now molecular methods are being used
generally [12, 24, 25]. PFGE, rep-PCR and RFLP
methods are the common methods for molecu-
lar typing. In this study we used PFGE to finger-
print DNA of MRSA. DNA was digested by Smal
restriction enzyme and divided into 10 to 20
pieces differing from 10 to 800 kilobase pairs
which was electrophoresed by iso-electric
focusing [24-26]. PFGE results revealed that 25
(93%) of 27 strains were genetically identical.
One of the samples were found closely related
with the common clone and it was thought that
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Table 1. Specimen type, number and pulso-

type according to patients

MRSA outbreak in neonatal ICU

Implementation of molecular methods have an
important role in the management and analysis
of outbreaks. PFGE, which is used in outbreaks
has a high correlation with epidemiological
data and used as the gold standard molecular
method. PFGE usage is restricted because of
the facts that; PFGE is labor intensive and it
needs an expensive device.

As a result; to manage and terminate the out-
break, besides the infection control precau-
tions, tests to determine the genetic relation
between outbreak strains which are done in the
microbiology laboratory are needed. PFGE was
showed as a reliable method in the microbio-
logic analysis of outbreaks in this study.
Molecular microbiologic analysis of outbreak
strains will contribute to prove the epidemio-
logic and evolution of outbreaks.
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Patient No Strain No  Sample Pulsotype
1 1 GAS Al
1 2 GAS Al
1 3 GAS Al
1 4 GAS Al
1 5 GAS Al
1 6 GAS B
2 7 GAS Al
2 8 GAS Al
2 9 GAS Al
2 10 GAS Al
2 11 GAS Al
3 12 GAS Al
4 13 GAS Al
4 14 GAS Al
4 15 GAS Al
5 16 GAS Al
5 17 GAS Al
5 18 GAS Al
6 19 GAS Al
6 20 GAS Al
6 21 GAS Al
7 22 GAS Al
7 23 GAS Al
8 24 GAS Al
9 25 GAS Al
9 26 TAS A2
10 27 GAS Al

GAS: gastric aspiration specimen, TAS: tracheal aspira-
tion specimen.

this strain had changed its genetic structure
because of antibiotic therapies [12]. The other
sample was genetically unrelated among the
common clone. The source of the outbreak was
thought as the first isolate of patient number
one. Infection control precautions could not be
implemented until the time passed during iso-
lation, identification and reporting of this strain,
which resulted in spread of MRSA to other
patients and led to an outbreak. Isolate six,
which was genetically unrelated was thought to
be due to a new infection after the treatment of
the outbreak strain. Though all the strains were
phenotypically the same, PFGE revealed geneti-
cal discrepancy between the strains. It was
thought that, phenotypical methods are inca-
pable of determining genetical discrepancies.
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