
he ability to characterize and determine genetic
relatedness among bacterial isolates involved in

nosocomial infections and infectious disease outbreaks
is a prerequisite for epidemiological investigations.
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ABSTRACT

A comparative study on the application of
3 molecular methods in epidemiological
typing of bacterial isolates using MRSA as

a prototype 

Sahar I. Al-Thawadi, MD, ABMM, George Kessie, MS, Damian Dela Cruz, DVM, Mohammed N. Al-Ahdal, PhD, MASM.

Effective control measures are dependent on a
thorough assessment of the relatedness of clinical
isolates, which requires a typing technique that can be
universally applied. Molecular genotypic methods
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Objectives: To evaluate and compare 3 widely used
molecular techniques, namely, restriction endonuclease
analysis of plasmid deoxyribonucleic acid (REAP),
randomly amplified polymorphic DNA (RAPD) and pulsed-
field gel electrophoresis (PFGE) for their suitability and
usefulness in the typing and fingerprinting of bacterial
isolates.

Methods: Twenty-four epidemiologically unrelated
methicillin-resistant Staphylococcus aureus (MRSA)
isolates were used to evaluate the molecular typing methods
(REAP, RAPD and PFGE). The study was conducted at the
Research and Diagnostic Laboratories of King Faisal
Specialist Hospital and Research Center from January 2002
through January 2003.

Results: Only 20.8% of all isolates studied were of the
same genotypes by all 3 methods. Two major clusters of
strains each representing 33% of the total number of isolates
were identified by REAP analysis. Each of RAPD and
PFGE however, identified one major cluster represented by

54% and 83% of the total number of isolates, All 3 typing
methods, therefore, showed the clonal genetic relatedness
among distant MRSA isolates. However inter-strain
comparison of fingerprint data generated from each method
revealed differences in clonal representation of the MRSA
isolates.

Conclusion: Although a variety of molecular assays are
available for typing of bacterial species, there is no single
standardized protocol for routine analysis. Reproducibility
and interpretation of genotypic data are therefore, highly
dependent on methodologies employed by the individual
laboratory. Our findings illustrate the importance of using a
combination of methods in typing schemes of bacterial
isolates. In terms of reproducibility and typeability we found
that PFGE is superior to REAP and RAPD and, therefore,
more suitable for routine, standardized tracing of
nosocomial bacterial isolates.
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were found to be superior to phenotypic methods,
since they can detect minute genetic variation and,
therefore, are more useful for microbial source
tracking. Among various molecular typing methods, 3
have been used extensively, namely, restriction
endonuclease analysis of plasmid (REAP), randomly
amplified polymorphic deoxyribonucleic acid (DNA)
(RAPD), and pulsed-field gel electrophoresis (PFGE).
These molecular methods have several advantages
over traditional phenotypic typing methods, including
higher discriminatory power, broader application to a
variety of bacterial species, and at times, speed.1

Restriction endonuclease analysis of plasmid  was
among the first few molecular methods to be used as a
bacterial typing tool that analyzes the
extrachromosomal DNA elements found in many
clinical isolates.2 Randomly amplified polymorphic
deoxyribonucleic acid is a polymerase chain reaction
(PCR)-based molecular method that has been widely
used for typing of a variety of microbes.3 Short random
arbitrary primers (10-20 bases) are used to hybridize
with sufficient affinity to various sites on
chromosomal DNA sequences at low annealing
temperatures, resulting in the amplification of random
regions of the bacterial genome.4 Several DNA
fragments of different lengths are generated which can
be analyzed by conventional agarose gel
electrophoresis. Pulsed-field gel electrophoresis of
genomic DNA has been widely used for typing a
variety of microorganisms and has been found to have
high discriminatory power and reproducibility.5,6 This
technique utilizes restriction enzymes to generate a
discrete number of high molecular weight DNA
fragments over 50 kb in size. These fragments are then
separated by agarose gel electrophoresis that employs
electric fields applied alternatively in 2 directions.
Such switching allows a more rapid orientation of
smaller fragments and, therefore, faster mobility
compared to larger ones, thereby providing efficient
resolution of the DNA fragments.7-9 

These molecular techniques have been used on
many bacterial species, but most notably on
methicillin–resistant Staphylococcus aureus (MRSA)
since it has remained a major cause of nosocomial
morbidity and mortality.10-17 In the present study, we
randomly selected 24 MRSA isolates from our
laboratory as a prototype to test and compare these 3
molecular methods (REAP, RAPD, and PFGE).  Our
aim is to utilize one or more of these molecular
methods for future implementation of a typing
procedure for genotyping and tracing the sources of
significant nosocomial pathogens. 

Methods. Bacterial    strains.    Twenty-four
MRSA isolates were randomly selected from a
collection of isolates identified in our laboratory. They
were subcultured on Muller-Hinton agar plates,
supplemented with 4% Nacl and 6ug/ml oxacillin.

Resistance to oxacillin was confirmed by the detection
of mecA gene using PCR followed by southern blot
hybridization as described previously.18

Preparation of plasmid deoxyribonucleic acid.
Bacteria were grown in 500 ml of Muller-Hinton
medium containing oxacillin (6 ug/ml) and incubated
at 35°C overnight. Crude preparations of the plasmids
were obtained using the alkaline lysis method of
Birnboim and Doly,19 except that lysostaphin (one mg/
ml) was substituted for lysozyme in the lysis buffer.
The plasmids were purified through a cesium chloride-
ethidium bromide equilibrium density gradient ultra
centrifugation as described by Sambrook et al20

Preparation of chromosomal deoxyribonucleic
acid. Chromosomal DNA was prepared from the
bacterial isolates according to standard methods.
Briefly, harvested cells from one ml overnight cultures
were resuspended in 0.5 ml of lysis solution (10 mM
Tris-HCl, pH 8.0, 0.1 mg/ml lysostaphin, 0.5 %
sarkosyl, 0.1 M ethylenediaminetetraacetic acid
(EDTA) and 250 ug/ ml proteinase K). The mixture
was incubated overnight at 37°C and extracted with
phenol: chloroform: isoamyl alcohol (25:24:1). The
DNA was precipitated with cold ethanol and dissolved
in TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA)
to a final concentration of one mg/ml.

Restriction endonuclease analysis of
plasmid. Five micrograms of purified plasmid DNA
was digested with 5 units of the restriction
endonuclease enzymes Hind III, Xba I and Msp I (Life
Technologies, Gaithersburg, Maryland, United States
of America, USA)) at 37°C for a minimum of 4 hours.
Appropriate reaction buffer recommended by the
manufacturer was used for each enzyme. The reaction
was stopped by the addition of 5 ul of 0.1 M EDTA
followed by the addition of 2.5 ul of 0.1%
bromophenol blue. The digests were loaded onto 1%
agarose slab gels (0.5 x 20 x 20 cm) and
electrophoresed overnight in running buffer (90 mM
Tris, 90 mM boric acid, 2 mM EDTA, pH 8.3) at 60
volts. The gels were stained with ethidium bromide
(one ug/ml) and photographed under ultra-violet (UV)
illumination.

Randomly amplified polymorphic deoxyribonucleic
acid. Randomly amplified polymorphic
deoxyribonucleic acid analysis was performed using
random primers RAPD1, RAPD7, and ERIC2 under
standard conditions using a model 480 programmable
thermal cycler (Perkin-Elmer Cetus, Norwalk,
Connecticut, USA).  The reaction mixture contained
20 mM Tris-HC1 (pH 8.8), 10 mM KC1, 2 mM
MgSO4, 10 mM (NH4 ) 2  SO4, 0.1% Triton X-100, 0.2
mM of each of dNTPs (dATP, dGTP, dCTP, and
dTTP), 100 pmoles of each primer in separate
reactions and 100 ng of DNA preparation in a total
volume of 50 ul. Reaction mixtures were overlaid with
50 ul of light mineral oil to prevent evaporation. The
sequences of primers were RAPD1: 5'-
GGTTGGGTGAGAATTGCACG-3', RAPD7: 5'-
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GTGGATGCGA-3', and ERIC2: 5'-
AGGTAAGTGACTGGGGTGAGCG-3' as previously
described.21 Polymerase chain reaction was initiated by
the addition of 2 units of Vent (exo-) DNA Polymerase
(New England BioLabs, Beverly, Massachusetts,
USA).  After an initial denaturation for 5 min at 94°C,
35 cycles of amplification was carried out. Each cycle
consisted of denaturation at 94OC for one min,
annealing at 25OC for 1 min and extension at 74OC for
2 min. Amplified DNA was stored at 4°C. Amplified
products (10 µl) were analyzed on 1.5% agarose gel
electrophoresis in TBE buffer (45 mM Tris base, 45

mM boric acid, one mM EDTA, pH 8.3), stained with
ethidium bromide (1 µg/ml), and photographed under
UV light.

 Pulsed-field gel electrophoresis. A modification
of the method of Matushek et al22 for standard
chromosomal DNA preparation and extraction was
used.  A single bacterial colony was grown overnight
in 5 ml of trypticase soy broth. Cells were harvested by
centrifugation at 3,000 rpm for 10 minutes and then
resuspended in 2.5 ml of PIV buffer (1 M NaCl, 10
mM Tris HCl, pH 7.4). A 0.5 ml aliquot of the cell
suspension was combined with 0.5 ml of melted 1.6%
low melting point agarose (LMP). This mixture was
then pipetted into 300 µl plug mold (Bio-Rad
Laboratories, Richmond, California, USA) and
allowed to solidify at 4OC for 30 min. Each plug was
placed into one ml of lysis solution (6 mM Tris HCl,
pH 7.4, 1 M NaCl, 10 mM EDTA, pH 7.5, 0.5% Brij
58, 0.2% deoxycholate, 0.5% sodium lauroyl
sarcosine), to which lysozyme (Sigma, St. Louis,
Missouri, USA) at 0.5 mg/ml, RNase A (DNase free;
Sigma) at 10 mg/ml and 100 µg/ml of lysostaphin
(Sigma) were freshly added on the day of the
experiment. Plugs were incubated overnight at 37OC in
a water bath. After incubation, the lysis solution was
replaced with one ml of ESP solution (10 mM Tris-
HCl, pH 7.4, 1 mM EDTA), to which proteinase K
(Sigma) at a final concentration of 100 mg/ml and 1%
of sodium dodecyl sulfate were freshly added on the
day of the experiment. The plugs were incubated
overnight at 50OC in a water bath. Plugs were washed
twice with 5 ml of diluted TE buffer (10 mM Tris-HCl,
pH 7.4, 0.1 mM EDTA) for 30 min and placed in 2 ml
of fresh TE buffer for storage at 4OC until digestion by
restriction endonuclease. A plug slice (2-4 mm wide)
was suspended in a total volume of 250 µl of the
appropriate restriction enzyme buffer and incubated for
15 min on a shaker at 4OC. The buffer was discarded
and replaced with a freshly prepared buffer containing
30 units of Sma I (Life Technologies). Digestion
mixtures were incubated overnight at 25OC. At the end
of incubation; plug slices were washed with diluted TE
buffer for one hour at 37OC in a water bath before
loading into the gel. The digested DNA was
electrophoresed in 1% a garose gel (Sigma) using TBE
buffer in a CHEF-DR “II cell (Bio-Rad Laboratories)
for 21 hours at 200 V with switching times ramped
from 1-20 s. The gel was stained with ethidium
bromide (one ug/ml) and photographed under UV
light. Lambda DNA concatemers (New England
BioLabs, 50-1000 kb) were used as the molecular
weight markers.

Results. Restriction endonuclease analysis of
plasmid. The plasmid content of the isolates is
shown in Table 1. All of the 24 MRSA isolates were
typeable with REAP (Figure 1). Each strain was given
a unique capital letter code by each of the 3 enzymes,

Table 1 - Plasmid content of methicillin-resistant Staphylococcus
aureus (MRSA).

MRSA isolate identification number

7,18,23,25,31,32

2,3,12,24,29,34

9,15,19,20,36

6,30

14,28,33,37,38

n of plasmids found

8

7

6

5

2

Figure 1  - Hind III, Xba I, and Msp I digestion profiles of plasmid DNA
from MRSA clinical isolates.  M represents 1 kb DNA
ladder.  Number above the lanes indicate identities of the 24
MRSA isolates used in the study.
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Hind III, Xba I and Msp I, which were able to classify
the 24 MRSA isolates into 7 (A-G), 5 (A-E), and 5 (A-
E) distinct strains, for each enzyme. By visual
inspection of the banding patterns, any strain showing
greater than 2 band difference was given different
letters.23 Combined analysis of the banding patterns of
the 3 enzymes gave a total of 8 distinct strains. Each
strain had a 3-letter code starting with the pattern
assigned by Hind III, Xba I and Msp I. Three similar
letter codes in a single strain signify that the 3
restriction enzymes gave the same banding pattern for
that particular strain as shown in Table 2. Two major
clusters of strains were found by REAP analysis.
Strain type AAA and strain type BAA each
represented 33.3% of the isolates. Strain types BBA
and EEE, each represented 8.3%. The other types
CDD, DAC, GDD and FCD each represented 4.2% of
the total number of the isolates.

Randomly amplified polymorphic deoxyribonucleic
acid. In RAPD analysis, the DNA fingerprints of the
strains were compared for similarity by visual
inspection of the banding patterns (Figure 2). Two
fingerprints were considered different when at least
one band difference was present in one of the patterns.
Variations in band intensity were not considered to be
differences. Bands that were too faint to be reproduced
were not considered.24 The fingerprint types were
transformed to a 3-letter code (one letter per type per
primer). The three-letter code was applied, and new
types were defined only when more than one primer
gave a different result. Subtypes were defined in case
of a single change; such as from AAA to AAC.21
Amplification with RAPD 1 primer generated 12
patterns (A-L), RAPD 7 primer 9 patterns (A-I), and
ERIC 2 generated 8 patterns (A-H). Combined analysis
allowed the discrimination of 15 distinct strains
including 3 subtypes identifiable by a 3-letter code for
the generated patterns of RAPD1, RAPD7 and ERIC2
primers (Table 3). One major cluster was identified by
RAPD analysis, which are strain type AAA and 3
subtypes (AAC, AAD and AAG). This strain
represented 54.2% of the total isolates. All of the other
strain types represented 4.2% of the total number of
the isolates.  

Pulsed-field gel electrophoresis. Pulsed-field gel
electrophoresis analysis. Electrophoresis of SmaI
digests yielded well-resolved patterns consisting of 12-
14 fragments per isolate (Figure 3). Only 3 major
PFGE genotypes were obtained. The interpretation of
PFGE banding patterns was carried out visually. A
genotype was defined as any fragment pattern, which
varied from another pattern with regard to the number
of the DNA fragments. Two or more isolates were
defined as the same if they showed identical pattern.
Isolates that showed patterns different in 1-3 bands
were considered as subtypes or genetically related to
the major type and were given the same letter code as
the major type with a number. Strains showing more

Table 2  - Methicillin resistant staphylococcus aureus (MRSA) strain
types as defined by restriction endonuclease analysis of
plasmid deoxyribonucleic acid.

MRSA isolate identification number

2,3,7,9,12,18,31,32

15,20,23,24,25,29,34,36

6,30

37,38

14

19

28

33

Total

Strain type

AAA

BAA

BBA

EEE

CDD

DAC

GDD

FCB

8 patterns

n of isolates

8

8

2

2

1

1

1

1

24 isolates

Figure 2  - Randomly amplified polymorphic deoxyribonucleic acid
fingerprints generated from genomic DNA of the MRSA
isolates with primer 1, primer 7, and ERIC 2.  M represents
100 bp DNA ladder. Numbers above the lanes indicate
identities of the 24 MRSA isolates used in the study.
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Table 3 - Methicillin-resistant staphylococcus aureus syndrome
(MRSA) strain types as defined by randomly amplified
polymorphic deoxyribonucleic analysis.

MRSA isolate identification
number

2,3,7,12,15,18,19,20,37,38

6  

9

36

14

23

24

25

28

29

30

31

32

33

34

Total

Strain type

AAA

AAC

AAD

AAG

CBB

DBB

ECF

HDE

BEF

GEH

FDH

IFG

JGH

KHD

LIH

15 patterns

n of isolates

10

1 (subtype of AAA)

1 (subtype of AAA)

1 (subtype of AAA)

1

1

1

1

1

1

1

1

1

1

1

24 isolates

Figure 3  - Agarose gel showing pulsed-field gel electrophoresis
patterns of Sma I digested genomic deoxyribonucleic of
MRSA syndrome clinical isolates. M represents lambda
DNA concatemers used as molecular weight markers.
Numbers above the lanes indicate identities of the 24 MRSA
isolates used in the study.

Table 4 - Methicillin-resistant staphylococcus aureus strain types as
defined by pulsed-field gel electrophoresis (PFGE) analysis.

MRSA isolate identification number

2,7,9,15,18,19,20,23,25
30,31,33,34,36,37,38

3,6,24,32

12,14

22,29

Total

Strain type

A

A1 (subtype of A)

B

C

4 patterns

n of isolates

16

  
  4

  2

  2 

24 isolates 

than 3 band difference were considered genetically
different.25-27 Among the 24 MRSA isolates analyzed,
only 3 PFGE patterns (3 strains and one subtype) were
found (Table 4). Strain A and its subtype A1 were the
dominant strains, representing 83.3 % of the total
number of the isolates.

Combined analysis. Five isolates (isolate number:
2,3,7,9, and 18), representing 20.8% of all isolates
studied, were of the same genotype by all 3 typing
methods. Both PFGE and RAPD identified 7 isolates
(isolate number: 6, 15, 19, 20, 36, 37, and 38),
representing 29.2% of all isolates studied, as belonging
to the same genotype. Two isolates (isolate number: 31
and 32), representing 8.3% of all isolates studied, were
found to have the same genotype by PFGE and REAP.
RAPD and REAP methods showed that one isolate
(isolate number: 12), representing 4.2% of all isolates
studied, was found to have the same genotype.  Nine
isolates (isolates number: 14, 23, 24, 25, 28, 29, 30, 33,
and 34), representing 37.5% of all isolates studied,
showed different genotypes by each of the 3 methods.

Discussion. Several techniques for tracing and
typing microbial pathogens have been used over the
years, including traditional and, the more sophisticated
molecular methods. Phage typing, biotyping,
antibiogram, and serotyping are among the traditional
methods that have been useful in epidemiological
studies of infectious agents. Nevertheless, these
methods were found to be labor intensive, slow for
practical values, and variable. In view of this, and
utilizing the recent knowledge in molecular biology,
newer molecular techniques have been adopted and
constantly evaluated, modified and revised. In this
study, we evaluated 3 most common molecular
methods for typing and fingerprinting DNA of
microbial origin using some MRSA isolates. Our main
aim was to adopt one or more of these methods for our
routine bacterial DNA fingerprinting.

Although many investigators have reported the
usefulness of plasmid analysis17,23,25,28 concerns remain
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that the use of an extra chromosomal marker may be
misleading. Owing to gain or loss of plasmids over
time in different bacterial populations, including
MRSA,29-31 the method is limited to strains which bear
several plasmids.32 However, many isolates carry only
one or 2 plasmids, which provides poor discriminatory
power for REAP technique.30 In addition to the
disadvantages mentioned above, we feel that this
technique remains cumbersome and requires skilled
manpower. Randomly amplified polymorphic
deoxyribonucleic acid analysis is inexpensive, efficient
and no prior nucleotide sequence information of DNA
is necessary.21 It requires very small quantities of
DNA, which is especially important when dealing with
Gram-positive species where chromosomal
preparations are difficult and low concentrations of
nucleic acids are usually achieved during extraction.4 It
is a relatively simple method for the rapid
identification of strains from endemic and epidemic
situations, especially when its use is combined with the
use of computerized database that enables one to make
correlations between strains analyzed at different
times.33 It can be utilized to determine variations in
DNA sequences among closely related species.4,34

Although the RAPD analysis is easy to perform with a
single primer, it becomes more cumbersome when the
number of primers increases. Sometimes the intensities
of the discriminating bands obtained with the RAPD
assay are weak, making the analysis of the different
profiles difficult.35 Our experience with RAPD
revealed that it is difficult to standardize in spite of the
many advantages cited above. Pulsed-field gel
electrophoresis has a discriminatory power that is
almost equivalent to or higher than RAPD.17 Pulsed-
field gel electrophoresis can be used to type all
bacterial and yeast species, making it the most suitable
for molecular typing in clinical laboratories.23 The
wide spread use of PFGE has been hampered by the
fact that is a time-consuming procedure, requiring
specifically trained people and sophisticated
equipments. The need to follow precise standard
protocols and to agree on ways to compare restriction
patterns obtained in different laboratories has also been
seen as a limitation in PFGE typing.36 In contrast to
other bacterial species, the polymorphism provided by
PFGE is relatively low as of a high degree of genetic
relatedness between MRSA strains. Prevost et al37 have
found only 26 different fingerprints among 239 MRSA
isolates from 142 patients identified by PFGE. In a
previous study we have shown that 87 out of 94 (93%)
of MRSA isolates from Saudi patients analyzed by
PFGE belonged to a single clonally related lineage of
MRSA.27 Nevertheless, our extensive work with this
technique enables us to classify it as the most reliable
among the 3 methods we studied.

The importance of typing S.aureus or other bacterial
species for epidemiological reasons is acknowledged.
However, the choice of the right typing method is

often difficult as of inherent technical and theoretical
limitations.32 Our findings are in agreement with other
reports where a parallel evaluation of currently
available typing systems with staphylococcal isolates
demonstrated that no single typing method, including
PFGE, clearly prevailed over the others and ultimately,
a combination of 2 methods may be the most
efficacious.23,38 It is suggested that one method that
would be sensitive and rapid (such as RAPD) to
identify all potential patients or sources may be used to
screen the isolates early in an epidemiological
evaluation, followed by another method (such as
PFGE) for detailed strain differentiation. Criteria that
are set to determine the suitability of typing schemes
include typeability, reproducibility, discriminatory
power, and ease of use and interpretation. The choice
depends on the resources available in the laboratory
and the level of expertise of the personnel involved in
the testing. The strength and the weakness of the
technique should be understood before results are
generated.

Due to the importance of MRSA, it is used in this
study for the purpose of illustrating our experience
with these methods, even though the number of
isolates used is rather small. All 3 typing methods have
proven the clonal genetic relatedness observed among
distant MRSA isolates. Each method grouped the
majority of the isolates into one major genotype.
However inter-strain comparison of fingerprint data
generated from each method revealed differences in
clonal representation of the MRSA isolates. When the
PFGE data are compared with RAPD data, it is
demonstrated that RAPD differences are not
necessarily reflected in the macrorestriction profile by
PFGE. This can be explained by the genetic variations
as screened with either of these 2 procedures. We have
demonstrated previously that PFGE and RAPD
provide adequate methods for the reliable
discrimination of MRSA strains from diverse sources.27

Randomly amplified polymorphic deoxyribonucleic
acid can be used as a first screen for the rapid detection
of genetic polymorphism among strains of
geographically distinct MRSA. Finally, our results
reaffirm the usefulness of molecular typing as an aid in
elucidating the epidemiology of MRSA and are
consistent with our previous study that demonstrated
the existence of a single, widely spread clone of
MRSA in the Kingdom of Saudi Arabia.27 Multiple
typing methods may also be needed to definitively
support the contention that epidemiologically related
isolates are clonal and possibly cross-transmitted.28 Our
findings demonstrate the importance of using a
combination of methods in typing scheme of bacterial
isolates. Pulsed-field gele lectrophoresis and RAPD
analysis are considered to be the most reliable and
reproducible whole-genome typing procedures, with
even increased resolution when combined analyses are
performed.39,40  
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