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Twenty well-characterized isolates of methicillin-resistant Staphylococcus aureus were used to study the
optimal resolution and interlaboratory reproducibility of pulsed-field gel electrophoresis (PFGE) of DNA
macrorestriction fragments. Five identical isolates (one PFGE type), 5 isolates that produced related PFGE
subtypes, and 10 isolates with unique PFGE patterns were analyzed blindly in 12 different laboratories by in-
house protocols. In several laboratories a standardized PFGE protocol with a commercial kit was applied
successfully as well. Eight of the centers correctly identified the genetic homogeneity of the identical isolates
by both the in-house and standard protocols. Four of 12 laboratories failed to produce interpretable data by
the standardized protocol, due to technical problems (primarily plug preparation). With the five related iso-
lates, five of eight participants identified the same subtype interrelationships with both in-house and standard
protocols. However, two participants identified multiple strain types in this group or classified some of the isolates
as unrelated isolates rather than as subtypes. The remaining laboratory failed to distinguish differences be-
tween some of the related isolates by utilizing both the in-house and standardized protocols. There were large
differences in the relative genome lengths of the isolates as calculated on the basis of the gel pictures. By visual
inspection, the numbers of restriction fragments and overall banding pattern similarity in the three groups of
isolates showed interlaboratory concordance, but centralized computer analysis of data from four laboratories
yielded percent similarity values of only 85% for the group of identical isolates. The differences between the
data sets obtained with in-house and standardized protocols could be the experimental parameters which
differed with respect to the brand of equipment used, imaging software, running time (20 to 48 h), and pulsing
conditions. In conclusion, it appears that the standardization of PFGE depends on controlling a variety of
experimental intricacies, as is the case with other bacterial typing procedures.

The use of electric field pulsing techniques in conjunction
with agarose gel electrophoresis for discrimination of large DNA
molecules was introduced by Schwarz and Cantor in 1984 (9).
During the past decade the methodology has been adapted and
improved by various research groups to the point that pulsed-
field gel electrophoresis (PFGE) for bacterial strain typing is
now utilized with relative ease in a variety of laboratories (1).

The combination of contour-clamped homogeneous field elec-
trophoresis and PFGE for the molecular analysis of Staphylo-
coccus aureus has been reported since the late 1980s (7, 19). At
present, PFGE is considered to have both the reproducibility
and resolving power of a standard technique for the epidemi-
ological typing of bacterial isolates (10, 15).

Molecular typing systems can identify different strains within
a species, generating data useful for taxonomic or epidemio-
logic purposes (10, 14). A frequently observed shortcoming of
typing systems in general is their lack of reproducibility: most
typing systems do not provide a definitive strain identification,
which is usually due to the variability of the technique and the

* Corresponding author. Mailing address: Erasmus Medical Center
Rotterdam, Dept. Medical Microbiology & Infectious Diseases, Dr.
Molewaterplein 40, 3015 GD Rotterdam, The Netherlands. Phone:
31-10-4635813. Fax: 31-10-4633875. E-mail: vanbelkum@bacl.azr.nl.

1653



lack of large databases containing fragment patterns from a
wide variety of organisms to which unknowns can be com-
pared. These problems were recently described in detail for
two molecular typing systems. A multicenter study on random
amplification of polymorphic DNA for discrimination of S. au-
reus strains revealed a lack of interlaboratory reproducibility
among the banding patterns generated by the participating
centers, although the epidemiological interpretation of the
data was similar for all the centers involved (16). For PFGE, a
similar lack of interlaboratory reproducibility of patterns was
observed, although the interpretation of the experimental data
also differed per participating center (2). The latter study an-
alyzed 12 different methicillin-resistant S. aureus (MRSA)
strains with different techniques optimized in each center and
different sources and types of equipment. Since interlaboratory
discrepancies with respect to classification of the strains were
observed, the study concluded that there is a clear need for
standardization of the technique, including the construction of
a panel of reference strains to assist the individual researcher
in the optimization of the PFGE protocol.

The aim of the present study was to compare the fragment
patterns of a well-defined collection of MRSA isolates in 12
laboratories using in-house and a standard set of PFGE pa-
rameters to determine whether standardization of experimen-
tal parameters (DNA preparation and switching protocols)
would improve intercenter reproducibility of PFGE analysis.

MATERIALS AND METHODS

Study design. Twenty isolates of MRSA were selected for analysis by Wolf-
gang Witte (Wernigerode, Germany). The collection was composed of 10 genet-
ically unrelated isolates, 5 isolates exhibiting similar but not identical PFGE
fingerprints, and 5 isolates with indistinguishable PFGE patterns. The original
S. aureus NCTC 8325 was provided by Richard Goering (Omaha, Neb.). This
strain served as a source for molecular size standards together with concatameric
lambda DNA molecules. Isolates were stored in the coordinating center (EMCR,
MM&ID, Rotterdam, The Netherlands), and cultures were coded and distrib-
uted in agar stabs to the participating centers. Prior to PFGE analysis, isolates
were cultured on blood agar plates at least once, and single colonies were used
for further testing.

PFGE with the restriction enzyme SmaI was performed in duplicate on DNA
from all isolates in all centers with the equipment available in the individual
laboratories. The lambda concatamers were to be run in every sixth lane (i.e., five
isolates included between the two sets of markers), although not all laboratories
complied with this aspect of the protocol. DNA preparation was performed
according to the in-house protocols of each laboratory. In addition, all partici-
pants analyzed the isolates by using a recently developed, commercially available
PFGE kit (Genepath; Bio-Rad, Veenendaal, The Netherlands) (GP), which

contained all ingredients for both plug and gel preparation. Each laboratory
performed PFGE by using their in-house switching protocol and PFGE equip-
ment as summarized in Table 1. PFGE of DNA prepared by the commercial kit
was performed as follows: initial switching time, 5.3 s; final switching time, 34.9 s;
run time, 20 h; 6 V/cm; 120° angle; 14°C. All gels were stained with ethidium
bromide and photographed with a Polaroid or charge-coupled device camera.
The digital images were set to a resolution of .500 pixels from well to bottom of
the gel. For the purpose of additional comparison, bacteriophage-typing and
antimicrobial susceptibility testing were performed for all isolates of the test
panel. The isolates were typed by arbitrary primed PCR (AP-PCR), binary
typing, and target 916–Shine-Dalgarno PCR (tar 916-shida PCR) as described
previously (3, 16, 18).

Local data analysis. All Polaroid pictures or digital images were interpreted by
the individual researchers. Interpretation was performed on the basis of guide-
lines for interpreting banding pattern differences (10, 15). Specific types were
identified by capital letters, with subtypes identified by additional numbers. Each
center analyzed both gels by using its own software package to calculate Dice
coefficients and to generate a dendrogram by UPGMA (unweighted pair group
method using arithmetic averages) clustering. The in-house data and the data
generated by using the GP kit were interpreted separately, and the agreement
between the two methods was assessed in each center (number of fragments per
strain and classification into types and subtypes based on the overall number of
band differences). For all isolates, the genome size was calculated based on the
cumulative sizes of the restriction fragments observed.

Centralized data analysis. All pictures and accompanying interpretations were
sent to a second center for interlaboratory comparison. The tiff images were
imported into Bio Image Advanced Quantifier 1-D Match (AQ) version 2.5 and
normalized by using the lambda concatameric standards on each gel. To evaluate
center-to-center reproducibility, lanes from each normalized image were com-
pared by using Dice coefficients and a UPGMA-derived dendrogram. For inter-
gel Advanced Quantifier analysis, the same lambda standards were used. One of
the gels from the five laboratories that sent data for centralized analysis did not
include lambda standards and could not be matched to the other gels. Another
laboratory sent only the in-house image for analysis. Therefore, only four in-
house gels and three gels prepared with the commercial kits were analyzed with
computer-aided technology.

RESULTS

General remarks. Twelve laboratories in nine countries par-
ticipated in this study. Although the goal was to compare a
standardized PFGE protocol to in-house PFGE protocols,
complete data sets on the 20 test isolates were not achieved by
all laboratories. Most of the centers found it necessary to
modify the commercially standardized GP protocol. In one
instance, the restriction enzyme was inactive and had to be
replaced by that of another manufacturer. However, most of
the problems centered around the deterioration of the agarose
plugs during overnight proteinase K treatment at 56°C. The
in-house protocols, which proved to be more effective for typ-
ing the isolates in most centers, are presented in Table 1.

TABLE 1. Evaluation of the different experimental parameters as applied in the different participating laboratories

Center identi-
fication

Electrophoresis
supply

Gels per
year

Imaging
software

Run
time (h)

Voltage
(V/cm) Pulsing protocol Tempera-

ture (°C)
Gel per-
centage

1 CHEF DR-II 200 Bio Image
Advanced Q. 2.01

20 6 20 h: 5.3–34.90 14 1.0

2 CHEF DR-II 40–50 GelCompar 3.1 25 6 10 h: 5.0–15.00; 15 h: 15.0–45.00 14 1.0
3 CHEF DR-III 35 In-house software 26 6 7 h: 5.0–15.00; 19 h: 15–600 14 1.0
4 CHEF DR-II 500 GelCompar 4.0 48 6 48 h: 1.0–80.00 12 1.2
5 CHEF DR-II 1000 Taxotron 20 6 10 h: 10.00; 10 h: 25.00 10 0.8
6 Pulsaphor TM 15 In-house software 27 235c 4 h: 5.00; 6 h: 15.00; 8 h: 25.00; 9 h: 35.00 12 1.2
7 Gene Navigator 100 Taxotron 24 7 24 h: 20–800 10 1.0
8 CHEF Mapper 40 GelCompar 4.0 20 6 10 h: 5.0–15.00; 10 h: 15.0–45.00 14 1.0
9 CHEF DR-II 150–200 Molecular Analyst 20 6 20 h: 1.0–40.00 12 1.0

10 CHEF DR-II 100 Molecular Analyst 22 6 22 h: 1.0–34.00 14 0.8
11 CHEF DR-III 200 Biogene 6.32 21 6 2 h: 0.5–5.50; 18 h: 7.5 to 27.50; 1 h: 50–650 14 1.0
12 CHEF DR-II 150 Molecular Analyst 20 6 3 h: 1–100; 17 h: 5–400 13 1.4

13a Optional NAb Optional 20 6 20 h: 5.3–34.90 14 1

a The parameters for center 13 show the settings for the standardized protocol. Exact size of the gel not reported.
b NA, not applicable.
c The exact size of the gel was not reported, so the result is given as overall voltage.
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Finally, there was a set order of the strains which did help the
reproducibility of data interpretation.

Local analysis. Table 2 shows the visual interpretation of
isolate interrelationships based on the PFGE gels generated by
both the standardized and in-house protocols. Four centers (4,
5, 6, and 12) were not able to generate typing data by using the
standardized protocol. Of the eight laboratories that did report
standardized data, five (1, 2, 8, 9, and 11) correctly categorized
all 20 isolates into the indistinguishable, related, and unrelated
groupings. Laboratories 3, 7, and 10 correctly classified the
indistinguishable and unrelated isolates but misclassified some
of the related subtypes.

Despite widely differing in-house PFGE protocols and vari-
able quality of the gel pictures (Fig. 1), all of the laboratories
were capable of correctly discriminating the five identical iso-
lates (Fig. 1, lanes 1 to 5) from the unrelated isolates (Fig. 1,
lanes 11 to 20) (Table 2). Two of 12 laboratories (centers 4
and 7) were unable to discriminate two of the related isolates
(MRSA 9 and 10), which were identified as indistinguishable in
these laboratories but were considered related subtypes in the
other 10 laboratories. This may have been the result of using a
pulsing time of up to 80 s or, more likely, tolerance settings
applied during the analysis of the data. One laboratory (center
10) identified three types and two subtypes among the related
isolates (lanes 5 to 10) by using both the in-house and the
standard protocol.

Table 3 shows the molecular size values as deduced from the
experimental data with concatameric (48.5 kbp)n lambda DNA
and/or S. aureus NCTC 8325 DNA macrorestriction fragments
as size standards. In general, the spread in the molecular sizes
was quite large among centers, and in some instances, the val-
ues for the identical isolates (1 to 5) differed even within cen-
ters for both the in-house and standard protocols. The average
values as calculated and shown in Table 3 demonstrate that the
GP procedure indicates smaller genome sizes than those cal-
culated on the basis of results obtained with the in-house pro-
cedures. Note that the genome size of these isolates of MRSA

seems to vary between 2,153 and 2,768 (in house) or 2,035 and
2,816 (GP) kbp.

Table 4 shows the similarity of the isolates in the three
different clusters as determined in each center by using Dice
coefficients obtained by using commercial or in-house soft-
ware. The number of bands that the participants detected per
group of isolates is also indicated. Overall, the clustering of the
identical and related isolates is well documented in all centers
as is the unrelated nature of isolates 11 to 20. The in-house
procedures produce similar fragment numbers for all of the
identical isolates with a single exception (Table 4, center 7),
while the standard protocol was associated with a wider range
of values (12 to 16). Average clustering values for the indistin-
guishable isolates were higher for the in-house than the stan-
dard protocol (99.8 versus 97.3, respectively). Also, the average
clustering values for the related isolates were higher with the
in-house than with the GP protocol (87.2 versus 85.9, respec-
tively).

Centralized analysis. Gel images from seven data sets, four
in-house gels and three standardized gels, were available for
analysis. The other gel images either did not contain the ap-
propriate lambda standards or were of insufficient quality for
analysis. The gels could not be analyzed by GelCompar as a
single file because the lambda standards were not sufficient to
normalize the gels. Gelcompar was used to assess improve-
ments in data homology upon copying of PFGE conditions.
When the primary data obtained in centers 4 and 8 were
compared, relatively low homology values were calculated.
When center 8 adopted the experimental parameters proposed
by center 4, however, the homology between primary data
obtained in center 8 and the novel data generated in center 4
increased significantly (results not shown). This emphasizes the
importance of exact experimental standardization. The gels
could be analyzed in more detail using the Bio Image software.
Among the gels analyzed, the number of lambda fragments,
which were used for normalization of the gels, varied from 9 to
15 per lane, which hampered the analysis. We focused the

TABLE 2. Evaluation of the experimental data obtained by PFGE of MRSA: survey of visual data interpretationa

MRSA
strain

Center 1 Center 2 Center 3 Center 4 Center 5 Center 6 Center 7 Center 8 Center 9 Center 10 Center 11 Center 12

IH GP IH GP IH GP IH GP IH GP IH GP IH GP IH GP IH GP IH GP IH GP IH GP

1 A A A A A A A A A A A A A A A A A A A A
2 A A A A A A A A A A A A A A A A A A A A
3 A A A A A A A A A A A A A A A A A A A A
4 A A A A A A A A A A A A A A A A A A A A
5 A A A A A A A A A A A A A A A A A A A A
6 B B B B B B B B B B B B B B B B B B B B
7 B1 B1 B1 B1 B1 C B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1
8 B2 B2 B2 B2 B2 D B2 B2 B2 B2 B2 B2 B2 B2 B2 C C B2 B2 B2
9 B3 B3 B3 B3 B3 C1 B3 B3 B3 B3 B3 B3 B3 B3 B3 D D B3 B2 B3

10 B4 B4 B4 B4 B4 C2 B3 B4 B4 B3 B3 B4 B4 B4 B4 D1 D1 B4 B3 B4
11 C C C C C E C C C C C C C C C E E C C C
12 D D D D D F D D D D D D D D D F F D D
13 E E E E E G E E E E E E E E E G G E E B3
14 F F F F F H F F F F F F F F F H H F F D
15 G G G G G I G G G G G G G G G I I G G E
16 H H H H H J H H H H H H H H H J J H H B
17 I I I I I K I I I I I I I I I K K I I F
18 J J J J J L J J J J J J J J J L L J J G
19 K K K K K M K K K K K K K K K M M K K G
20 L L L L L N L L L L L L L L L N N L L

a Observations differing from the experimental gold standard are highlighted in bold lettering. IH, in-house protocol. The following centers modified the commercial
protocol as follows: center 1, other source for SmaI; center 4, use of own plugs and prolonged electrophoresis time; center 8, use of homemade plugs. For centers 4,
5, 6, and 12, no useful GP data could be generated.
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analysis on the first five lanes of the gel images containing the
five indistinguishable isolates. Using the Bio Image software
and a 3.5% band tolerance, which was previously determined
at Centers for Disease Control and Prevention to be optimal
for analysis of S. aureus isolates (data not shown), the five
indistinguishable isolates from seven data sets matched at a
level of 84% similarity by using UPGMA clustering (Fig. 2).
Both in-house and GP kit data from center 1 and the in-house
data from center 2 clustered at 100% similarity, while the GP
kit and in-house data from center 3 and the in-house data from
center 2 were 97% similar. These two clusters were linked at
84% similarity. Data from center 3 for the kit was not available
for analysis.

Strain characteristics. The data were obtained by conven-
tional and genetic analysis of the isolates used for the present
study (results not shown). The binary type (18), the tar 916–
shida fingerprints (3), and the AP-PCR characteristics (16) for
isolates 1 through 5 were indistinguishable. The PFGE sub-

FIG. 1. Comparative analysis of gel pictures obtained after PFGE of DNA
macrorestriction fragments derived from the panel of 20 MRSA isolates. From
top to bottom the experimental outputs of participating centers 8, 1, and 7 are
shown. White arrowheads in the two top panels highlight potential fragment
doublets. Note that these two pictures clearly overlap with respect to resolution
and number of DNA fragments. The arrowhead in the lower panel identifies a
floating plug. Although the lower panel shows a lesser degree of band resolution,
it has to be emphasized that pattern identification obtained from this gel picture
was as expected except for patterns belonging to isolates 9 and 10. However, the
quality of the PFGE profiles shown in the lower panel is markedly inferior to
those in the upper two panels. Numbering above the lanes corresponds with
strain numbers, L identifies the lambda concatamers and N indicates the mac-
rorestriction pattern generated for the S. aureus NCTC 8325 reference strain.
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types for isolates 6 to 10 appear homogeneous by AP-PCR and
tar 916–shida PCR, confirming their relatedness. Binary typ-
ing shows some heterogeneity among these isolates, but this
is limited to differences detected by a single probe. AP-PCR
discriminates each of the isolates in the final group (11 to 20),
although tar 916–shida PCR fails to discriminate isolates 11
and 18 from the cluster of indistinguishable isolates (1 to 5,
which were PFGE identical). For this panel of 20 isolates, both
bacteriophage typing and the antibiogram data are in good
agreement with the genotypic data. Since the study isolates
were selected on the basis of PFGE differences detected in
a single laboratory, the additional typing data were necessary
to confirm the interstrain relationships.

DISCUSSION

Standardization of molecular typing methods is an issue of
debate in the field of medical microbiology. For several micro-
organisms, such as Pseudomonas aeruginosa, an array of typing
methods has been compared in multiple laboratory studies,
leading to suggestions for the appropriate use of molecular
data (4, 8, 12). To date, however, only typing based on IS6110
sequences of Mycobacterium tuberculosis has been standard-
ized to any great extent (5, 17). This has resulted in a method
and database capable of importing and analyzing new infor-
mation generated by different laboratories around the world.
However, this required several years and the concerted efforts
of many individuals and institutions to achieve. This situation
is a rare exception in microbiology, and efforts in establishing
similar systems for other bacterial species are urgently re-
quired. Emerging multiresistant microorganisms are an impor-
tant group of species in this context; in this study, we have
attempted to achieve similar results with MRSA.

Several comparative typing studies have been performed for
S. aureus in the recent past (e.g., 2, 6, 11, 13, 16, 18). Some of
these studies focused on the detailed analysis of single tech-
niques, performed in single centers (6, 11, 13, 18), whereas oth-
ers assessed interlaboratory reproducibility (2, 16). The study
by Cookson et al. (2) was the first attempt to compare PFGE
data from different laboratories and merge the data into a
single file for analysis. The present study continues this initia-
tive, by utilizing a set of reference MRSA isolates to investigate

interlaboratory reproducibility of PFGE typing, including the
use of standardized DNA preparation and electrophoretic
switching protocols.

In the present study, experimental problems were encoun-

FIG. 2. Dendrogram of results of seven data sets, four in-house (IH) and 3
standardized GP kits (KIT) from four centers (Ctr). The numbers after the
colons are lane numbers. The percent similarity scale is based on UPGMA
clustering of Dice coefficients generated by Bio Image software.

TABLE 4. Evaluation of the experimental data obtained by PFGE of MRSA: pattern similarity (mean values) and
range of the total number of bands per strain by epidemiological group

Center
identification

In-house procedure Standardized procedure

Identical isolates
(1 to 5)

Clustered isolates
(6–10)

Independent isolates
(11 to 20)

Identical isolates
(1 to 5)

Clustered isolates
(6 to 10)

Independent isolates
(11 to 20)

% na % n % n % n % n % n

1 100 15 96 15–16 64 13–16 100 15 92 14–16 53 12–15
2 100 16 87 15–16 26 13–16 98 15 89 14–15 31 11–16
3 100 15 93 15–16 67 12–16 96 13 92 13–14 59 11–15
4 100 16 88 16–17 27 13–18 —b — — — — —
5 100 15 93 14–15 38 10–15 — — — — — —
6 100 16 89 16–17 22 14–18 — — — — — —
7 100 10–12 94 9–10 30 8–12 98 12 87 11–12 55 10–14
8 100 16 87 16–17 34 12–17 92 16 62 17 31 14–18
9 98 16 79 13–14 52 13–16 94 14 94 13 67 12–14
10 100 16 68 14–16 30 11–18 100 15 85 14 44 10–15
11 100 15 — 14–16 — 12–18 100 15 — 15–17 — 11–18
12 100 17 85 16–17 49 16–18 — — — — — —

Overall range (no. of fragment) 10–17 9–17 8–18 12–16 11–17 10–18
Avg 99.8 87.2 39.9 97.3 85.9 48.6
SD 0.6 7.6 15.0 2.8 10.2 12.8

a n: number of bands.
b —, no data or nonevaluable data.
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tered during generation of DNA plugs when using the standard
protocol. Apparently, the use of agarose of sufficient heat tol-
erance is critical for resolving band differences. The separation
of bands could be improved by altering the pulsing protocol, a
parameter which was not optimal in the current version of the
procedure, in which large portions of the gel were not used.
Some of the participating centers modified the commercial
protocol in order to achieve better band separation (see legend
to Table 2). The GP protocol needs to be reexamined critically
and its major deficiencies need to be corrected before it could
be recommended for widespread used.

The in-house procedures performed quite well in all of the
participating laboratories. Despite differences in DNA prepa-
ration methodology, electrophoretic equipment, and electric
current switching times, none of the centers had difficulty in
recognizing the identical and unrelated groups of isolates (1 to
5 and 11 to 20, respectively). Differences between centers were
noted, however, with interpretation of data concerning the
related isolates (numbers 6 to 10). In some instances this was
apparently due to electric current switching protocols which
did not clearly differentiate closely sized (but nonidentical)
restriction fragments in different isolates. However, other dif-
ferences were not associated with questions of in-house versus
standardized PFGE methodologies but, instead, were specifi-
cally related to the algorithm that individual investigators em-
ployed for pattern interpretation. Investigators were instructed
to employ specific guidelines for assessing isolate interrelation-
ships (11, 15). A key aspect of this approach, for the purpose
of hospital epidemiology, involves the choice of a predominant
(epidemic) type (occurring more than once in the group) to
which all other patterns are compared (15). Isolates that differ
by three or fewer restriction fragment positions (i.e., up to six
band differences when comparing lanes) are considered sub-
types of this common strain pattern, while organisms differing
in four or more positions are identified as different strain types.
With groups of isolates that are identical or clearly different
(i.e., a multitude of differently positioned fragments), applica-
tion of the algorithm is straightforward, leading to reproduc-
ible interlaboratory interpretation as demonstrated here. How-
ever, an interesting aspect of the study design was the inclusion
of only one isolate for each of the related isolates, 6 to 10. It
was thus left to the investigator to determine which isolate
from within this group would represent the standard type to
which the other four would be compared. In addition, two of
the isolates (numbers 6 and 7) exhibited an increased staining
intensity of specific but different restriction fragments which
could be interpreted as a difference between the isolates in
comigrating fragment doublets (Fig. 1). These two features
were the reason for the different relationships as defined in
differing centers, even if the PFGE patterns generated in dif-
ferent laboratories were indistinguishable. As can be deduced
from the results in Fig. 1 (reading left to right), most centers chose
isolate 6 as the standard and each arrived at the same inter-
pretation for the isolates. Alternative interpretations noted in
some instances (Table 2) may reflect differences in the choice
of a standard as well as perceived differences in restriction
fragment positions. These results underscore the importance
of the choice of a predominant PFGE pattern as an issue
separate from that of DNA preparation or the reproducibility
of electrophoretic separation for purposes of epidemiological
interpretation.

An unexpected finding was the fact that data sets generated
in different centers did not lend themselves to numerical anal-
ysis by GelCompar when combined into a single digitized im-
age. This situation improved when two different in-house pro-
tocols were replicated at the coordinating center, but a 100%

homology score was never reached despite the fact that the vi-
sual data appeared highly similar to that generated by the re-
spective participating center. Different modes of data process-
ing did not result in the improvement of the correlation among
data sets. This observation may relate to issues regarding the
use of computerized analysis in the comparative normalization
of restriction fragment positions between different gels. How-
ever, data analysis was somewhat more successful with Bio
Image software. When the data sets representing images from
four in-house gels and three standard kit gels were merged, the
result was two clusters of highly related isolates (.97% simi-
larity) linked to each other at the 84% similarity level. Given
the disparity in the positions of standards and the number of
identifiable bands in each lambda standard lane, this level of
similarity suggests that interlaboratory comparisons are
clearly possible, although every effort should be made to stan-
dardize the positioning of standards on the gels to facilitate
comparisons.

At present, it appears that the computerized analysis of
PFGE patterns may be more useful in identifying closely re-
lated or identical strains for further testing or analysis than for
reliably establishing differentiating nonrelated strains (Table
4). The differences in the number of DNA fragments that were
successfully identified in the different laboratories were most
probably related to differences in the quality of the gel images,
rather than the artifactual absence or presence of specific DNA
fragments, since a number of laboratories produced apparently
identical gel images with identical numbers of DNA fragments.
An important point to make here is that visual inspection is
still an essential complementary procedure to so-called auto-
mated analysis, which subjects objective computerized analysis
to subjective review.

The basis of a scientific method is reproducibility. Different
laboratories performing the same procedure in the same way are
expected to generate the same results. Based on this premise,
one can argue that the present study indicates that standard-
ization of PFGE typing for MRSA has not yet been achieved.
In terms of numerical output of computerized PFGE analysis
this is clearly the case. Any method involving manipulations
performed by hand and data inspections with an element of
human visualization possesses an inherent potential for at least
some degree of variability and bias. For this reason, absolute
numerical standardization of PFGE may never be achieved.
But epidemiological questions commonly involve answers which
are not an absolute “yes” or “no” but, instead, often involve an
assessment of qualitative degrees of interrelationship. In this
context the overall qualitative similarity of PFGE results
observed here, despite a variety of different in-house DNA
preparation procedures, PFGE equipment, and switching pro-
tocols, indicates that continuing efforts to minimize the vari-
ability of these parameters will lead to acceptable numerical as
well as methodological standardization of PFGE procedure
and analysis. As a step in this direction, the difficulties with the
standardized GP protocol noted in this study should be cor-
rected and reevaluated in a future effort.
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