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Rapid and sensitive methods for accurate strain delineation are essential for monitoring and preventing
transmission of methicillin-resistant Staphylococcus aureus (MRSA). Pulsed-field gel electrophoresis (PFGE)
has been the standard technique for strain typing most bacterial species including MRSA. The goal of this
study was to compare the performance of the DiversiLab microbial typing system (Bacterial BarCodes, Inc.,
Houston, TX) (rep-PCR) to that of PFGE for typing MRSA isolates from five well-defined outbreaks. The
DiversiLab rep-PCR assay is a rapid, semiautomated method based on PCR amplification of specific regions
between noncoding repetitive sequences in the bacterial genome. rep-PCR was performed according to the
manufacturer’s recommendations, and the results were analyzed and dendrograms were generated using the
DiversiLab analysis software (version 2.1.66a). PFGE was performed and interpreted according to published
procedures. rep-PCR results using similarity indices (SI) of 80%, 85%, and 90% were compared to PFGE
analysis. In addition, intra- and interrun reproducibility was determined for rep-PCR. Overall, correct as-
signment to outbreak versus nonoutbreak clusters occurred for 91 of 109 isolates (85% agreement) when using
a SI of 85%. For each specific outbreak, concordance between rep-PCR and PFGE ranged from 73% to 100%.
There were 18 discrepant results (17%). Fourteen isolates were unique by PFGE, but they were placed in
clusters by rep-PCR; the other 4 were placed in clusters different from those assigned by PFGE. Intra- and
interrun reproducibility was excellent. Times to results were 12 to 24 h for rep-PCR compared to 2 to 4 days
for PFGE. Rapid, standardized results and excellent reproducibility make rep-PCR a valuable tool for use in
MRSA investigations. However, since rep-PCR was less discriminatory than PFGE, we recommend that it be
used to screen isolates, followed by testing isolates which share the same rep-PCR pattern with a more sensitive
method, such as PFGE or multilocus sequence typing.

Methicillin-resistant Staphylococcus aureus (MRSA) is a ma-
jor cause of nosocomial and community-acquired infections.
MRSA is now responsible for 60% of nosocomial infections
among intensive care unit patients (15). Therefore, controlling
the spread of this pathogen in the hospital environment re-
mains a priority among hospital infection control programs
(14). Active surveillance, contact precautions, and adherence
to hand hygiene are among the recommended strategies to
decrease nosocomial spread (14). In addition, at least one
university center has demonstrated the benefits of routine in-
corporation of molecular strain typing into its comprehensive
infection control program (7). In that evaluation, implementa-
tion of restriction endonuclease analysis (REA) as the molec-
ular strain typing method in the clinical microbiology labora-
tory resulted in a 23% decrease in the number of patients with
nosocomial infections (7).

Pulsed-field gel electrophoresis (PFGE) has been accepted
as the “gold standard” for molecular strain typing of MRSA (1,
2, 17). Advantages are that PFGE can be used to type most
bacterial species, it has excellent discriminatory power, and it is
also easier to perform than some methods such as chromo-

somal REA (1, 17, 22, 24). A major advantage is that PFGE
results have been correlated with clinical information and cri-
teria for interpretation have been published (2, 23). In addi-
tion, with reproducibility and interlaboratory studies, standard-
ization of protocols and interpretation of PFGE has made it
possible to create extensive databases for MRSA (5, 11, 13).

PFGE also has disadvantages. The major disadvantage is the
time needed for final results. Depending on the specific pro-
tocol it may require 2 to 4 days (17, 24). Other disadvantages
are variations in analysis and interpretation of the data and the
specialized equipment required. Because of the limitations of
PFGE, more-rapid yet reproducible methods of strain typing
have been sought by clinical laboratories. PCR-based methods
are attractive because many laboratories with molecular capa-
bility already have the necessary equipment, trained personnel,
and reagents available. In general these methods are also more
rapid, simpler to perform, and less costly than PFGE (17, 24).
Repetitive-sequence-based PCR methods (rep-PCR) are rapid
typing procedures that amplify the regions between the non-
coding repetitive sequences in bacterial genomes (25). The
sizes of these sequences are specific to each bacterial strain,
and therefore the sizes of the amplified fragments may vary
among different strains (25). Size fractionation of the ampli-
cons is accomplished by standard agarose gel electrophoresis.
The resulting band patterns can be used for DNA fingerprint-
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ing of a large variety of prokaryotic and eukaryotic organisms
(9, 25). The original, nonautomated techniques have been suc-
cessfully applied to the strain typing of MRSA (6), where, in a
multicenter study in Europe, the intracenter reproducibility
and discriminatory power compared to PFGE were excellent.
However, the authors found poor interlaboratory reproducibil-
ity (6). Similar to other PCR-based assays rep-PCR has other
disadvantages including the need for the PCR equipment, if
not available, potential for contamination and false results, and
the requirement for multiple controls. The rep-PCR method
has recently been standardized and partially automated by
Bacterial BarCodes, Inc. (Houston, TX) in a kit format com-
plete with quality control reagents. The DiversiLab system
separates the amplicons and generates patterns by use of mi-
crofluidics chips (LabChip device; CaliperTechnologies, Inc.),
and it has a bioanalyzer (Agilent Technologies, Inc., Palo Alto,
Calif.) for data analysis. Patterns are automatically down-
loaded onto a laboratory-specific DiversiLab website for anal-
ysis and interpretation. Both gel-like images and dendrograms
are created for comparative analysis. Recently, a description of
this automated rep-PCR technology and its performance char-
acteristics has been published (9).

The goal of this study was to assess the DiversiLab rep-PCR
system as a rapid method for MRSA strain delineation. Since
the manufacturer does not provide definitive interpretative
criteria, we initially determined the similarity indices (SI) that
provided the best concordance with PFGE results for 109
strains from five epidemiologically well-characterized MRSA
outbreaks. The rep-PCR results were then analyzed in com-
parison to the PFGE method for accuracy, strain interpreta-
tion, reproducibility, ease of use, and cost.

MATERIALS AND METHODS

Study design. This study was a retrospective comparison and validation of the
automated rep-PCR method to PFGE for rapid strain typing using a collection
of well-characterized MRSA isolates. PFGE and rep-PCR were performed on all
isolates. rep-PCR results were analyzed using the DiversiLab analysis software
(version 2.1.66a), and the PFGE results were analyzed by Molecular Analyst
software (version 1.6.3) (Bio-Rad Laboratories, Inc., Hercules, Calif.) and were
interpreted by using the Tenover criteria (23). Dendrograms were created for
both methods, and the agreement between the two methodologies was deter-
mined. Agreement was defined as correct assignment by rep-PCR of each isolate
to the same PFGE designation, e.g., as identical or epidemiologically related
within the outbreak or unique. Additionally, reproducibility studies were per-
formed to assess inter- and intrarun variability.

Bacterial strains and outbreaks. One hundred nine isolates of MRSA from five
epidemiologically well-defined hospital outbreaks were used. For the purposes of this
study, the following definitions were used. All isolates were confirmed to be MRSA by
agar dilution antimicrobial susceptibility testing according to CLSI (formerly NCCLS)
recommendations (16). Outbreaks were defined as nosocomial infections above a
threshold for a particular unit or institution over a time interval as monitored by hospital
epidemiology and infection control. MRSA surveillance protocols, infection control
education, and intervention as well as PFGE studies were performed for outbreaks 1
through 4 as they were occurring and as presented below. PFGE analysis from each
institution included strains implicated in the outbreak (clusters) and unique isolates.
The first outbreak included 44 MRSA isolates recovered over a 6-month period
from 44 adult patients with nosocomial MRSA bacteremia in a Maryland urban
hospital (hospital A). Outbreak 2 consisted of 28 isolates of MRSA recovered from
28 infants over a 21⁄2-year period from the neonatal intensive care unit from hospital
A. Outbreak 3 took place over a 3-month period and included 12 MRSA isolates
recovered from five patients and seven health care workers from an urban Maryland
hospital (hospital B). Outbreak 4 included 10 MRSA isolates recovered from nine
patients and one health care worker over a 6-month period from a suburban Mary-
land hospital (hospital C). Outbreak 5 included 15 isolates from 15 patients over a
7-month period from a non-U.S. hospital (hospital D).

In addition, U.S. clones 100 to 800 were obtained through the Network on
Antimicrobial Resistance in Staphylococcus aureus (NARSA), supported under
NIAID, NIH, contract no. N01-AI-95359, and were tested by rep-PCR and the
reference method, PFGE.

Test method: rep-PCR DiversiLab microbial typing system. All organisms
were cultured to Trypticase soy agar II with 5% sheep blood (Becton Dickinson
Diagnostics, Sparks, MD) for 24 h at 37°C. Genomic DNA was extracted using
the UltraClean microbial DNA isolation kit (MO BIO Laboratories, Inc., Solana
Beach, CA) according to the manufacturer’s recommendations. The DNA was
quantitated using a DU 640 spectrophotometer (Beckman Coulter, Inc., Fuller-
ton, CA) at 260-nm and 280-nm wavelengths and was diluted to a working
concentration of 25 to 50 ng/�l. rep-PCR was performed using the DiversiLab
Staphylococcus kit (Bacterial BarCodes, Inc., Houston, TX) according to the
manufacturer’s recommendations. In brief, each sample PCR mixture consisted
of a master mixture and the Staphylococcus primer provided in the PCR kit, as
well as GeneAmp 10� PCR buffer, AmpliTaq DNA polymerase (Applied Bio-
systems, Foster City, CA), and template DNA provided by the user. The Staph-
ylococcus primers used are specific for all Staphylococcus spp., including Staph-
ylococcus aureus. PCR was performed on a Perkin-Elmer 9600 thermocycler
(Applied Biosystems, Foster City, Calif.) using the following parameters: initial
denaturation at 94°C for 2 min and then 35 cycles of PCR (94°C for 30 s, 45°C
for 30 s, and 70°C for 90 s), with a final extension of 70°C for 3 min. The model
2100 bioanalyzer and LabChip reagents (Agilent Technologies, Inc., Palo Alto,
CA) were used for DNA separation and visualization according to the manu-
facturer’s recommendations. The repetitive elements of the genome are “sur-
veyed,” and PCR products from 150 to about 5,000 bp are detected and visual-
ized. The DNA fingerprint patterns were automatically downloaded onto a
secure laboratory designated DiversiLab website, where each chip went through
a quality control step in which all patterns produced were visually analyzed and
accepted by the user. The patterns were analyzed by the DiversiLab software,
version 2.1.66a, which uses the Pearson correlation coefficient to determine
distance matrices and the unweighted pair group method with arithmetic mean
(UPGMA) to create dendrograms, scatter plots, and electropherograms for data
interpretation (9). In brief, the main task in the analysis is to create a distance
matrix for the samples requested in a report. The software calculates pairwise
distances between normalized amplicon patterns to create the distance matrix.
Each amplicon pattern pair is aligned along the x axis, and the correlation
coefficient is calculated for the aligned pair. Based on the resulting distance
matrix, the software creates a dendrogram using UPGMA and a scatter plot
using multidimensional scaling. The software normalizes the time axis (x axis) of
each amplicon pattern individually based on the marker positions at each end of
the pattern. The normalized patterns are then stored in the database and can be
compared to others at anytime the user requests it. The Pearson correlation is a
measure of the degree to which two variables vary together. It is used to measure
the degree to which the intensity values of two amplicon patterns vary at each
time point. A high correlation (coefficient close to 1) indicates that both ampli-
con patterns share similar intensities along the full length of the pattern (21).

Agreement between methods was assessed at different rep-PCR SI cutoffs,
including 80%, 85%, and 90%, as generated by the DiversiLab software. Results
at these SI were then correlated to the PFGE data from all 109 isolates to
determine the SI that provided the best agreement between the two methods.

Reproducibility assays. Interrun reproducibility and intrarun reproducibility
were assessed with Staphylococcus aureus strains NCTC 8325 and ATCC 43300.
Both strains were extracted in duplicate for 10 consecutive runs. Each individual
run was then subjected to separate rep-PCR and pattern detection and analysis
using the Agilent 2100 bioanalyzer and DiversiLab software, yielding a total of 20
patterns for each organism. Using the DiversiLab software, dendrograms were
created which included the images of the samples produced by the analyzer
showing the SI of the isolates. Person-to-person variability in test performance
was assessed by evaluating the results obtained by three technologists who had
various degrees of experience with the DiversiLab procedure. Each technologist
performed the entire assay including DNA extraction, PCR, and running the chip
on the bioanalyzer with S. aureus ATCC 43300, in triplicate. A dendrogram was
created which included the three isolates run by each technologist for a total of
nine isolates for comparison.

Reference method: PFGE. Organisms were grown overnight in brain heart
infusion broth, suspended in a 1.6% In-Cert agarose, and pipetted into molds.
DNA was extracted by standard PFGE methods (12) and digested with SmaI
(New England Biolabs, Beverly, MA). Electrophoresis was performed using a
GenePath system (Bio-Rad Laboratories, Hercules, CA) with 1% Bio-Rad
PFGE-certified agarose–0.5� Tris-boric acid-EDTA running buffer at 6 V for
23.5 h at 14°C and involved ramping from 5 to 50 s as the initial and final switch
times. The gel was stained with ethidium bromide, visualized using the Gel Doc
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1000 (Bio-Rad) using Quantity One image capture software, version 4.2.2 (Bio-
Rad), and analyzed with the Molecular Analyst fingerprinting software, version
1.61 (Bio-Rad). PFGE results were analyzed using Tenover criteria (23). Isolates
were considered to be identical if there were no band differences; they were
considered to be epidemiologically related strains if they differed in one to three
bands. Unique strains were defined as having four or more band differences.
Since four of the five outbreaks occurred over a relatively short time interval, we
assume that related strains would still be limited.

RESULTS

Determination of the optimum SI for rep-PCR interpreta-
tion. The purpose of these experiments was to determine the
SI that yielded the best rep-PCR agreement with the designa-
tions provided by PFGE. Correct assignment of the 109 strains
by rep-PCR based upon epidemiological information and the
PFGE designations of identical, epidemiologically related, or
unique strains was dependent on the SI (Table 1). The per-
centages of agreement for SI cutoffs at 80%, 85%, and 90%
were 79%, 85%, and 81%, respectively. Based upon these
results, an SI of 85% was used for final analysis and interpre-
tation of all subsequent experiments.

Performance of rep-PCR with each of the five outbreaks
compared to PFGE. Analysis of each individual outbreak by the
rep-PCR method using an SI of 85% for each outbreak is pre-
sented in Table 2. Outbreak 1 from hospital A had four distinct
clusters (I to IV) by PFGE analysis. There was an agreement of
86% by rep-PCR, that is, 38 of the 44 strains were correctly
assigned compared to PFGE (Fig. 1). Six strains were incorrectly
assigned by rep-PCR. Two unique isolates by PFGE clustered
with PFGE strain IV on the rep-PCR dendrogram (Fig. 1). Four
other strains assigned to two distinct PFGE clones (two strains
each) were misaligned with PFGE strain I. The dendrogram gen-
erated by the DiversiLab software for the rep-PCR results for
these 44 isolates from outbreak 1 is illustrated in Fig. 1 as an
example of the visual comparisons that can be made using the
DiversiLab analytical software. As can be seen in Fig. 1 for out-
break 1, all four major strains can be visualized using an SI of
85%. Outbreak 2 from the neonatal intensive care unit of hospital
A consisted of two distinct PFGE clusters. There was a 77%
agreement for the rep-PCR results. For this group of isolates,
identical and epidemiologically related strains were correctly as-
signed, but two isolates unique by PFGE were clustered by rep-
PCR with PFGE strain I, two isolates were misaligned with PFGE
strain II, and two unique isolates by PFGE were identified as the
same strain by rep-PCR (dendrogram not shown). Outbreak 3
consisted of three distinct clusters. There was 83% agreement.
Similar to the results for outbreak 2, two unique isolates by PFGE
clustered with PFGE strain III (dendrogram not shown). There
was 100% agreement between rep-PCR and PFGE for outbreak
4. For outbreak 5, four unique strains clustered with the two
PFGE clones, resulting in an agreement of only 73% (dendro-
gram not shown). In addition, we compared all 109 isolates that
were used in the five outbreaks to the published NARSA U.S.

TABLE 1. Overall comparison of rep-PCR similarity indices
for interpretative agreement with PFGE

PFGE result Total no. of
isolates

No. (%) of isolates with
matching rep-PCR

result at SI of:

80% 85% 90%

Identical 61 60 60 59
Epidemiologically related 27 24 24 21
Unique 21 2 7 8

Total 109 86 (79) 91 (85) 88 (81)

TABLE 2. MRSA strain typing results by rep-PCR compared to PFGE-defined strains from five MRSA outbreaks using an SI of 85%

Outbreak/
hospital

(n)

No. of strains for which rep-PCR result matched PFGE result/no. of
strains with PFGE result ofa: Discrepant-isolate explanation

(n)
Agreement at

85% SI
Identical Epidemiologically

related Unique

1/A (44) 25/26 (strain I, 10/10; strain II,
10/11; strain III, 3/3;
strain IV 2/2)

13/16 0/2 4/6 isolates assigned to two distinct PFGE strains
(2 strains each) were misaligned by rep-PCR
with PFGE strain I; 2/6 unique isolates by
PFGE clustered with rep-PCR strain IV (6)

38/44 (86%)

2/A (28) 16/16 (strain I, 12/12;
strain II, 4/4)

2/2 4/10 2/6 unique PFGE isolates clustered by rep-PCR
with PFGE strain I; 2/6 unique PFGE isolates
clustered by rep-PCR with PFGE strain II; 2/6
unique PFGE isolates clustered as the same
strain by rep-PCR (6)

22/28 (77%)

3/B (12) 5/5 (strain I, 3/3; strain II, 1/1;
strain III, 1/1)

5/5 0/2 2/2 unique isolates by PFGE clustered with
PFGE strain III (2)

10/12 (83%)

4/C (10) 9/9 (strain I) 1/1 No discrepant isolates 10/10 (100%)

5/D (15) 5/5 (strain I, 3/3; strain II, 2/2) 4/4 2/6 2/4 unique isolates by PFGE clustered by rep-
PCR with PFGE strain I; 2/4 unique isolates
by PFGE clustered by rep-PCR with PFGE
strain II (4)

11/15 (73%)

Total 60/61 24/27 7/21 91/109 (85%)

a Strain designations for each outbreak do not correspond to the same rep-PCR or PFGE strain type. Each outbreak has its own separate interpretation, e.g., strain
type I in outbreak 1 is not the same as strain type I in outbreak 2.
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MRSA isolates in one large database (data not shown). As ex-
pected, due to the small number of known MRSA clones, several
of the outbreak strains in the five individual outbreaks matched
each other as well as U.S. strains 100 to 700 by both rep-PCR and
PFGE. U.S. strain 800 did not match any of the isolates from the
five outbreaks.

Overall, using an 85% SI, 91 of 109 (85%) of the isolates
were in agreement by both methods. When each category of
relatedness is examined separately, rep-PCR and PFGE were
in agreement for 60 of 61 (98%) of the total number of iden-
tical strains, 24 of 27 (89%) of the epidemiologically related
strains, and 7 of 21 (33%) of the unique strains.

Reproducibility studies. The reproducibility studies were
performed to assess whether a given strain would yield the
identical rep-PCR pattern and definitely fall within a much
tighter range than that resulting from comparing epidemiolog-
ically related strains. For the interrun and intrarun reproduc-
ibility using the Staphylococcus aureus NCTC 8325 isolate, all
20 samples clustered tightly (SI, 96.5%). Similarly, with the
ATCC 43300 isolate, the 20 samples likewise tightly clustered
at an SI of 95.6%. Therefore, we assume that all PFGE isolates
with identical patterns would be within an SI of 96%. There
was also agreement (96% similarity) when the results for the
three laboratory technologists were compared.

DISCUSSION

Large, university-affiliated and reference laboratories have
incorporated molecular strain typing into the clinical microbi-
ology laboratory as an adjunct to infection control activities. In
order to be useful for determining clonal dissemination, the
typing method should fulfill the following criteria in the fol-
lowing areas: ease of use and interpretation, applicability to a
broad range of organisms (typeability), reproducibility, cost-
effectiveness, and rapidity of turnaround (18). PFGE as a tool
for strain typing MRSA fulfills most of the criteria. Its major
limitations include the cost of the special equipment needed
and the length of time required for results.

The rep-PCR technique has been shown to be useful for
typing prokaryotic and eukaryotic organisms, including those
with epidemiological significance such as Acinetobacter spp.
(20), Streptococcus pneumoniae (26), Mycobacterium tuberculo-
sis (3), and Aspergillus (8). The advantage of the rep-PCR
system validated in our study is that it is commercially avail-
able, adapted into a kit-based, semiautomated format in which
a microfluidics chip is used for fractionation and detection of
the DNA amplicons (8). In addition, the DiversiLab system
provides an Internet-based computer-assisted data analysis
and user-specific data storage and retrieval system (9).

There are relatively few publications on the performance of the
DiversiLab system (3, 8, 9, 19). Cangelosi et al. (3) evaluated the
utility of the DiversiLab system as a typing method for Mycobac-
terium tuberculosis and the Mycobacterium avium complex. The
authors found that this method was able to generate fingerprints
for mycobacteria not typeable by other methods (3). In addition,
results were generated rapidly in real time, and the discriminatory
power was equal to that of IS6110 restriction fragment length
polymorphism (RFLP) (3). A drawback of the method in that
study was that, at the authors’ chosen interpretive SI cutoff of
93%, there were some “false linkages” relative to the gold stan-
dard, RFLP, such that results had to be interpreted in combina-
tion with another method, i.e., spoligotyping (3).

The DiversiLab system has also been used to identify As-
pergillus strains to species level and to assess the ability of
rep-PCR to determine strain relatedness among fungi (8).
That study was performed in a single institution with a limited
number of species. However, there was a 98% concordance
with identification using morphology-based criteria and 100%
concordance with internal transcribed spacer region se-
quenced-based identification (8). In terms of strain level dif-
ferentiation, too few strains, and no strains that were clonal,
were incorporated for comparison; therefore no conclusions

FIG. 1. rep-PCR-generated dendrogram for the 44 MRSA isolates
from outbreak 1, hospital A. An SI cutoff of 85% was used for inter-
pretation of relatedness as depicted by the vertical line. The four
clusters are designated strains I to IV.

VOL. 43, 2005 AUTOMATED rep-PCR SYSTEM FOR MRSA STRAIN TYPING 5645



can be drawn about its utility for strain typing fungi (8). At
least two studies report the utility of the DiversiLab system for
typing Candida albicans strains that have developed resistance
to azoles, but the studies were not designed to compare rep-
PCR to other techniques (4, 10). Finally, in an analysis of both
outbreak- and non-outbreak-associated Neisseria meningitidis
isolates of various serogroups, the DiversiLab system had ex-
cellent serogroup and strain level discrimination (9).

The results of the present study confirm those of a recent
publication (19) and extend our knowledge of rep-PCR tech-
nology as performed by the DiversiLab analysis system. The
present study increases the number of isolates tested by the
DiversiLab system through the evaluation of well-character-
ized strains (both microbiologically and epidemiologically).
Determination of reproducibility and analysis of the data with
various SI cutoffs to maximize the concordance with PFGE-
defined strains were also performed in this evaluation. It was
important in this verification study to challenge the discrimi-
natory capability of the DiversiLab system as a strain typing
method. This was done by comparing it to a gold standard
reference method, PFGE. In addition, isolates for comparison
were chosen from four diverse institutions including a hospital
located outside of the United States and included a variety of
epidemiologically related clinical strains and unique isolates.

The DiversiLab system compared favorably to PFGE for
strain typing MRSA, with an overall agreement of 85% based
on analysis of a reasonable sample size of 109 isolates including
isolates from different geographic locations as well as epide-
miologically related and unrelated strains. Additionally, we
confirmed that several of the strains identified by both rep-
PCR and PFGE belonged to the NARSA U.S. clones 100 to
700. The lengths of the outbreaks were short enough that great
variability should not have occurred. The agreement for each
individual outbreak, however, ranged from 73% to 100%. The
discrepancies were mainly with the analysis of strains unique by
PFGE. The most plausible explanation is that rep-PCR is less
discriminatory compared to PFGE, and 14 of 21 PFGE-de-
fined unique strains were falsely assigned to outbreak clusters.

The above findings are similar to those of Cangelosi et al. (3)
in their evaluation of DiversiLab strain typing of Mycobacte-
rium spp. At the 93% SI cutoff used by that group the majority of
the PFGE-defined unique isolates in our study still would not
have been correctly assigned. It will be important to see whether
rep-PCR is less discriminatory than PFGE with other bacterial
species, especially those with more diversity than MRSA.

In contrast, when identical and epidemiologically related
strains were compared independently, the agreements were
98% and 89%, respectively. Adjustment of the SI cutoff did not
improve the discriminatory power of the rep-PCR method.
Identical isolates were unaffected by the different SI evaluated.
Correct assignment of the related, but not identical, isolates,
however, decreased as the SI increased, and the agreement
among the unique isolates increased only slightly as the SI
increased. In our study, the SI cutoff which provided the best
discrimination was 85%. Using this SI, we were unlikely to miss
a member of an outbreak strain, although some of the unique
isolates were incorrectly assigned. Since the manufacturer does
not provide definitive interpretation for the rep-PCR, this is a
limitation of the method.

Another potential limitation is the inability of the rep-PCR

assay to identify the subtypes of an outbreak strain with consis-
tency compared to PFGE. Four of the five outbreaks in our
investigation included PFGE-defined subtypes. rep-PCR was not
able to reliably identify and cluster the PFGE-defined subtypes.
The majority of the time rep-PCR was able to identify all mem-
bers of the outbreak, including identical and related subtypes, but
unable to correctly cluster, with any consistency, the related sub-
types into separate sections of the dendrogram.

The rep-PCR patterns for the inter- and intrarun experi-
ments for the ATCC 43300 and NCTC 8325 strains were re-
producible, giving 95.6% and 96.5% SI, respectively. These
patterns were generated using four separate lot numbers of
LabChips run on the analyzer to generate the results. This
demonstrates the analyzer’s ability to generate reproducible
rep-PCR patterns from several lots of LabChips. The person-
to-person reproducibility also gave favorable results at a 96%
SI. A dendrogram was created which included the rep-PCR
patterns of the technologist reproducibility data (data not
shown). Two of the isolate patterns that were generated by the
technologist with the least amount of experience yielded addi-
tional bands. This was likely not a result of the rep-PCR assay
itself, but rather most likely due to the extraction procedure
done prior to the rep-PCR step. However, the additional bands
did not significantly alter the results.

The DiversiLab rep-PCR is a relatively simple procedure to
perform. The cost of rep-PCR, including capital equipment, re-
agents, and personnel expenses, is significantly more than PFGE
(Table 3). However, if a laboratory is already performing molec-
ular testing and has access to a thermocycler, the costs of rep-
PCR and PFGE are comparable. The time, however, to obtain
rep-PCR results is a definite advantage over PFGE and makes
rep-PCR very appealing (Table 4). Bench medical technologists
do not require extensive training to reliably perform this assay, as
indicated by our laboratory personnel reproducibility studies. This

TABLE 3. Overall cost results for PFGE and the
DiversiLab system

Item
Cost (U.S. $)

PFGEa DiversiLab systemb

Instrument 25,000 35,000
Thermocycler NAd 7,000
Software 7,000 —
Reagents (/batch) 20.00 350.00
Personnel 114.00 114.00

Total 32,134.00 42,114.00 (35,114.00c)

a Johns Hopkins Hospital reagent costs.
b Manufacturer’s list price. —, included.
c If thermocycler is available.
d NA, not applicable.

TABLE 4. Overall time results for PFGE and the
DiversiLab system

Time
Duration for:

PFGE DiversiLab system

Instrument run time 24 h 5 h
Technologist time/batch 3.5 h 3.5 h
Total time to results 3–4 days 9 h
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may appeal to laboratories that would like to bring a molecular
typing method into the laboratory.

In summary, our data indicate that the semiautomated Di-
versiLab rep-PCR assay would be valuable for strain typing of
MRSA during outbreak investigations. The obvious strength is
the generation of results in real time. This rapidity coupled
with the ability of the rep-PCR to reliably identify identical
clones and epidemiologically related strains supports its poten-
tial as an initial screen during epidemiologic investigations.
The finding that the rep-PCR is less discriminatory than PFGE
in identifying unique strains in outbreak clusters, however,
requires that isolates sharing the same pattern be tested with a
more discriminatory method, e.g., PFGE or multilocus se-
quence typing when appropriate.

The cost and ease of performance of the rep-PCR also make
it a reasonable option for those microbiology laboratories
where typing volume is sufficient. The rep-PCR technology, as
well as PFGE, has initial expenditures for the purchase of
specialized equipment, but extensive training does not seem to
be required in order to perform the former assay accurately.
One downside is that, in addition to validation studies, inter-
pretive guidelines may need to be defined by the user for use
with each bacterial species evaluated. Further studies must be
completed in order to realize the maximum potential of this
technology. This fact that this method is commercially avail-
able and the potential for use with a wide range of pathogenic
microorganisms make it a very attractive alternative to more
labor-intensive and time-consuming technologies.
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