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Abstract

achieved by Pulsed-Field Gel Electrophoresis (PFGE).

sources.

basis for the development of rational control strategies.

Background: Methicillin-resistant Szaphylococcus anrens (MRSA) is a significant challenge to the burn patient. The im-
plementation of proper monitoring programs and prompt identification of epidemic MRSA strains are critical to con-
sequently control and eradicate potential outbreaks. This study aimed to define the genetic relatedness of MRSA
strains isolated from burn patients by analyzing the large fragments of DNA.

Methods: In this cross-sectional study, 126 pus/wound swabs from skin and soft tissue infections (SSTIs) wete col-
lected from inpatients of Shahid Motahari Burn Center (Tehran, Iran) in 2013. Then, molecular typing of MRSA was

Results: The PFGE analysis of MRSA indicated 31 single types and 5 common types. There was a significant diversity
in the chromosomal digestion pattern of the MRSA strains explained by the acquisition of MRSA from vatious

Conclusion: The permanent import of novel types of MRSA strains despite the rigorous infection control measures
carried out within the center. The importance of PEGE in understanding the epidemiology of MRSA may serve as a

Keywords: Molecular typing, Methicillin-resistant staphylococcus anrens, Pulsed-field gel electrophoresis, Burn units

Introduction

Staphylococcus aurens is one of the most common
and important pathogens responsible for burn
wound infections (1). While burns are considered
one of the most serious forms of trauma (2),
burn injury remains to be a major public health
concern and a leading cause of morbidity and
mortality all over the world (3). Nonetheless, the
surge of methicillin-resistant S. awreus (MRSA)
outbreaks has caused a major setback in noso-
comial infections. Moreover, these strains can
produce invasive infections, especially in vulner-
able patients (4).
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Some MRSA strains are epidemic and dissemi-
nate quickly. Therefore, the implementation of
prompt monitoring programs is essential for the
rapid identification of the prevailing type of bac-
teria in order to control the spread of resistant
strains and eradicate sequential outbreaks. In ad-
dition, the typing of MRSA isolates is extremely
valuable for the execution of proper infection
control measures (5). Presently, there has been a
breakthrough in the typing methods based on
genotypic characteristics of bacteria (6).

Pulsed-field gel electrophoresis (PFGE) is the
most common tool for molecular typing and it is
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the method of choice for DNA fingerprinting of
MRSA and other pathogens (7). Consequently,
burn centers should routinely explore the particu-
lar pattern of burn wound microbial colonization
and their genetic diversity, antibiotic susceptibility
profiles of pathogens involved in nosocomial in-
fections and their tendency to spread in the hos-
pital setting.

Until now, there has been no study regarding the
molecular characteristics of MRSA collected
from burn patients in Iran. This study aimed to
define the genetic relatedness of MRSA strains
isolated from burn patients by analyzing the large
fragments of DNA.

Methods

Setting

This study was conducted at the Shahid Motahari
Burn Center, the largest burn center in Iran affili-
ated with Iran University of Medical sciences
(IUMS), Tehran, Iran. This center consists of
three separate units: men, women, and children.

Study design

In this cross-sectional study, 126 pus/wound
swabs from skin and soft tissue infections
(SST1Ts) were collected from inpatients of Shahid
Motahari Burn Center over a 6-month period in
2013. Only one isolate per patient was involved
in this study.

FEthical Issues

The Ethics Committee of Tehran University of
Medical Sciences approved the study protocol,
which was conducted in accord with the tenets of
the Helsinki Declaration. All participants signed a
written informed consent.

Bacterial isolates

After sampling, the swabs were immediately
transferred to a transport medium, and sent to
Tehran University of Medical Sciences (TUMS)
molecular Microbiology laboratory, where they
were subcultured onto a blood agar and incubat-
ed overnight at 37 °C. Subsequently, S. aurens was
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then identified using confirmatory tests (Gram's
stain, catalase, coagulase and DNase tests and
mannitol fermentation on mannitol salt agar

(MSA)).

Confirmation of methicillin-resistant S. aure-
us

Phenotypic method: Bacterial suspensions of all
S. aurens isolates equivalent to 0.5 McFarland
were prepared and cultured on Mueller-Hinton
agar medium plates containing 4% NaCl and an
oxacillin disk (1 pg oxacilliny MAST Diagnostics,
Merseyside, U.K.), incubated overnight at 35 °C.
The growth inhibition zones were interpreted by
the Clinical and Laboratory Standards Institute
(CLSI) guidelines (8) thus; isolates were accord-
ingly screened for methicillin-resistance.

Genotypic method

Bacterial DNA was extracted using a Dneasy kit
(Qiagen, Valencia, CA) and according to the
manufacturet's protocol; lysostaphin enzyme (5
mM) was used in the first stage. The mecd gene
was then detected in DNA extracts using PCR
assay (9).

Pulsed-field gel electrophoresis

The MRSA isolates were genotyped by PFGE
based on the previously described protocol (10)
with some modifications. Approximately, 10 to
20 S. awrens colonies previously incubated for 24
h were inoculated into 10 ml of tryptic soy broth
(ISB) and were incubated overnight at 37 °C.
Broth cultures were centrifuged at 1500Xg for 20
min, the supernatants were discarded and the pel-
lets were resuspended in sterile saline and trans-
ferred to a pre-weighed 1.5 ml microcentrifuge
tube, centrifuged again at 13000 X g for 20 sec
removing the saline as much as possible. Next,
the pellet was weighed and an equivalent amount
of sterile saline was added. A tube of 2% agarose
was melted and transferred to a 58 °C water bath.
Then, 30 ul of cell suspension was added to 400
pl of EC buffer (6 mM Tris, 1 M NaCl, 0.1 M
EDTA, 0.5% Brij 58, 0.2% deoxycholate and
0.5% Sarkosyl).
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Then, lysostaphin (10 mg/ml) and 450 pl of 2%
agarose (58 °C) were added and gently mixed and
immediately dispensed into a small disposable
plug mold and cooled for 30 min. The plugs were
removed from the molds and introduced into a
lysozyme (20 mg/ml) containing EC buffer and
incubated at 37 °C for 5 h and the blocks cov-
ered with an ES buffer (0.4 M EDTA, 1% Sarko-
syl) containing Proteinase K (20 mg/ml) were
incubated overnight in a 50 °C water bath. Ac-
cording to the following procedure, the plugs
were washed with CHEF-TE buffer (0.1 M Tris
PH7.5, 0.1 M EDTA): The initial wash required
no incubation time and for three washes, the
washing step was repeated at 30 min intervals.
The plugs were stored at 4 °C.

For the DNA restriction digestion step, the plugs
were washed twice in a DNS buffer (0.1 M Tris
PH8.0, 5 mM MgCl,), each time for 30 min.
Then, DNA digestion was performed using a 30
IU Smal (Roche Diagnostics) for 16 h at 25 °C.
The DNA macrorestriction fragments were sepa-
rated in the agarose gels by PFGE using a con-
tour-clamped homogeneous electric field appa-
ratus, i.e. the CHEF DRIII System (Bio-Rad,
Hercules, California, USA) on a 1% agarose gel
prepared in a 0.5 M TBE (Tris-borate-EDTA)
buffer. The running parameters were as follows:
strength 6 V/m; temperature 12 °C; pulse time
increasing from 5 to 50 sec; and duration 22 h; 14
°C; 0.5 M TBE as running buffer. The Salmonella
enterica serotype Braenderup H9812 (CDC), di-
gested with 20 IU Xbal (Roche Diagnostics) for
20 h at 37 °C was used as a molecular size marker
and included in each gel.

After the completion of the electrophoresis run,
the gel was stained in lpug/cm of ethidium bro-
mide solution for 20 min. Finally, the gel was
photographed under UV transillumination. Digi-
tal images stored electronically as TIFF files were
analyzed with the GelCompar software (Applied
Maths, Belgium) by using the Dice correlation
coefficient and the UPGMA method (un-
weighted pair group method using arithmetic av-
erages). Clones were defined according to a simi-
larity (Dice) coefficient greater than 0.8.
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Results

MRSA distribution

S. anreus was isolated in 57 (45.24%) of the 126
pus/wound swabs taken from the skin or soft
tissue infections, SSTIs. By using phenotypic
(disc diffusion method) and genotypic (PCR for
detection of mecA gene) methods, 43 (75.43%) of
the isolates were confirmed as MRSA.

Molecular typing

All MRSA isolates were analyzed by PFGE. In
this study, 5 common types (CT) and 31 single
types (ST) were observed (ST and CT represent
the dissimilar and pulsotypes with a minimum
similarity of 80%, respectively) among the 43 of
the MRSA isolates (Fig. 1). According to the clus-
ter analysis of MRSA strains, majority of the CT's
were isolated during February.

Discussion

We used PFGE as a powerful discriminative tool
to investigate the epidemiological characteristics
of MRSA isolates. The chromosomal digestion
patterns allowed us to differentiate the MRSA
isolates, even the ones demonstrating the same
antimicrobial susceptibility pattern. Genotyping
methods such as PFGE may lead to a better in-
sight of MRSA transmission and therefore help
determine appropriate control and preventive
measures. PFGE is a valuable technique for the
characterization of outbreaks and their sources
(11- 14). For example, we found 5 CTs in our
study, which represented five outbreaks during
different periods. All the isolates belonging to the
CTs had a similar antibiotic resistance pattern.
Dates of the isolation show that some isolates,
having similar pulsotypes, were isolated within
three consecutive months (CT3 in Apr, Jun, and
Jul). Two of the CT (CT2 and CT4) were isolated
simultaneously, in Feb. Moreover, according to
the collected information, MRSA clustered in
CT3 isolated from patients with a history of hos-
pitalization suggest the consideration of a source
of infection outside the hospital.
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Fig. 1: Dendrogram based on the relationships among MRSA isolates derived from the UPGMA and Dice coeffi-
cients, using Gel Comparll software

Apparently the inter-hospital spread of MRSA
strains had occurred. On the other hand, the
simultaneous isolation of a CT (CT3) from dif-
ferent wards of a hospital (men and women) pos-
sibly suggests the existence of a common source
of infection, such as infected patients or contam-
inated equipment. In the present study, enzymat-
ic digestion with Swal revealed a high diversity of
the digestion profile i.e. 31 single restriction pat-
tern types for 43 MRSA isolates. The significant
diversity of MRSA could be explained by
acquisition of MRSA from various sources. In
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addition, colonized patients could potentially
spread these strains.

This occurred despite all the strict strategies, such
as the regular decontamination of all hospital sur-
faces, topical application of silver sulphadiazine
and mupirocin, routine washing of the burn sur-
face areas and preventive measures, including
regular screenings of all bacteria isolated from
burn wounds. The significant role the environ-
ment plays as a ground for outbreaks has also
been reported in other studies (15). The overall
proportions of MRSA contamination in non-
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hospital environments were high and there is the
risk MRSA strains cross-transmission among the
population, so recognize further the efficiency of
the sterilization processes in a non-hospital envi-
ronment, that relevant department can take
measures to progress disinfection of MRSA in
non-hospital environments (16).

Thus, this emphasizes the importance of routine
molecular typing and eradication of the causative
agents to prevent sequential outbreaks, especially
in burn centers (17). The PFGE pattern’s data-
base derived in this study can be used to compare
future outbreaks as a means to simplify control
programs. Our study had several limitations, such
as the lack of previous knowledge on the genetic
composition of environmental strains for com-
parison purposes. Additional studies from other
regions of the country are required to reach a
broader perspective on the clonal dynamics of
MRSA contaminating hospitals in Iran.

Conclusion

We documented a high diversity in the chromo-
somal digestion pattern of the MRSA strains pre-
sented in this study. This result may indicate the
permanent import of novel types of MRSA
strains despite the rigorous infection control
measures carried out within the center. Motreo-
ver, the persistence of a certain clone shows the
successful adaptation of the clone into the envi-
ronment due to multiple selection forces, such as
antibiotic resistance.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgments

Tehran University of Medical Sciences, Tehran,
Iran (grant number 26590), supported this re-

355

search. The authors declare that there is no con-
flict of interest.

References

1. Foster T] (2004). The Staphylococcus anreus supet-
bug. | Clin Invest, 114: 1693-6.

2. Church D, Elsayed S, Reid O, Winston B, Lind-
say R (2006). Burn wound Infections. Clin M-
crobiol Rev, 19: 403-34.

3. Bloemsma GC, Dokter ], Boxma H, Oen IM
(2008). Mortality and causes of death in a
burn center. Burns, 34: 1103-7.

4. Montesinos I, Salido E, Delgado T, Cuervo M,
Sierra A (2002). Epidemiologic genotyping of
methicillin-resistant  Szaphylococcus — aurens by
pulsed-field gel electrophoresis at a university
hospital and comparison with antibiotyping
and protein A and coagulase gene polymor-
phisms. | Clin Microbiol, 40: 2119-25.

5. Chen X, Yang HH, Huangfu YC, Wang WK,
Lin Y, Ni YX, Han LZ (2012). Molecular ep-
idemiologic analysis of Stagphylococcus anrens iso-
lated from four burn centers. Burms, 38: 738-
42.

6. Stefani S, Chung DR, Lindsay JA, Friedrich AW,
Kearns AM, Westh H, et al (2012). Methicil-
lin-resistant Staphylococens anreus (MRSA): glob-
al epidemiology and harmonization of typing
methods. 1t | Antimicrob Agents, 39: 273-82.

7. Murchan S, Kaufmann ME, Deplano A, de Ryck
R, Struelens M, Zinn CE, et al (2003). Har-
monization of pulsed-field gel electrophoresis
protocols for epidemiological typing of strains
of methicillin-resistant staphylococcus anrens: a
single approach developed by consensus in 10
European laboratories and its application for
tracing the spread of related strains. | Clin Mi-
crobiol, 41: 1574-85.

8. Clinical and Laboratory Standards Institute
(2011). Performance Standards for Antimi-
crobial Susceptibility Testing. Twenty-First
International Supplement. M100-S21. CLSI:
Wayne, PA.

9. Rastegar Lari A, Pourmand MR, Ohadian
Moghadam S, Abdossamadi Z, Ebrahimza-
deh AM, Asghari B (2011). Prevalence of
PVL-containing MRSA isolates among hospi-
tal staff nasal carriers. [ab Med, 42: 283-6.

10. Pfaller MA, Hollis RJ, Sader HS. Chromosomal
restriction fragment analysis by pulsed —field

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Ohadian Moghadam et al.: Utilization of PFGE as a Powerful Discriminative Tool for the Investigation ...

gel electrophoresis. In: Isenberg HD, ed. Clin-
ical Microbiology Procedures handbook.
Washington, DC: American Society of mi-
crobiology 1992, 5¢.1-10.6.3.

11. Sabat AJ, Budimir A, Nashev D, S-Ledo R, van
Dijl Jm, Laurent F, et al (2013). Overview of
molecular typing methods for outbreak detec-
tion and epidemiological surveillance. Ewrv
surveil], 18: 20380.

12. Xie X, Bao Y, Ouyang N, Dai X, Pan K, Chen
B, et al (2016). Molecular epidemiology and
characteristic of virulence gene of communi-
ty-acquired and hospital-acquired methicillin-
resistant  Staphylococcus aureus isolates in Sun
Yat-sen Memorial hospital, Guangzhou,
Southern China. BMC Infect Dis, 16: 339.

13. Fang H, Fréding 1, Gian B, Heggman S, Toll-
sttém UB, Ullberg M, et al (2016). Methicil-
lin-resistant Staphylococens anrens in Stockholm,
Sweden: Molecular epidemiology and antimi-
crobial susceptibilities to ceftaroline, linezolid,
mupirocin and vancomycin in 2014. | Glob
Antinsicrob Resist, 5: 31-5.

Available at:  http://ijph.tums.ac.ir

14. Durmaz G, Sanci O, Oz Y, Guven K, Kiremitci
A, Aksit F (2016). Methicillin-resistant S. au-
reus colonization in intensive care unit pa-
tients: Eatly identification and molecular typ-
ing. | Infect Dev Ctries, 10: 465-71.

15. Oie S, Hosokawa I, Kamiya A (2002). Contami-
nation of room door handles by methicillin
sensitive/methicillin-resistant Szaphylococcus au-
reus. | Hosp Infect, 51: 140-3.

16. Lin J, Lin D, Xu P, Zhang T, Ou Q, Bai C, et al
(2016). Non-hospital environment contami-
nation with Stgphylococcus anrens and methicil-
lin-resistant - Szaphylococcus  aunrens:  proportion
meta-analysis and features of antibiotic re-
sistance and molecular genetics. Enmviron Res,
150: 528-40.

17. Ohadian Moghadam S, Pourmand MR,
Aminharati F (2014). Biofilm formation and
antimicrobial resistance in methicillin-resistant
Staphylococeus  aurens isolated from burn pa-
dents, Iran. | Infer Dev Ctries, 8:1511-7.

356


http://ijph.tums.ac.ir/

