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Fig. 2. Summary of comparison between the results of PFGE and sequencing

The 45 clinical isolates were classified into 16 types by PFGE and 12 types by spa typing. The analytical results of out-
break strains from hospitals A, B, C and TUH were consistent between PFGE and spa typing; the outbreak strains identi-
fied by PFGE were also identified as outbreak strains by spa typing. In addition, in the outbreak cases of TUH, spa typ-
ing, like PFGE, allowed the distinction between outbreak and non-outbreak strains, The outbreak strains of hospital C
and those of TUH were of the same pattern in PFGE, but showed different sequences in spa typing. Some strains from
the outpatient were of different types in PFGE, but showed one identical sequence pattern in spa typing. They showed

one identical sequence in spa sequencing, but different patterns in PFGE.
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was determined to be a non-outbreak strain and the others
as outbreak strains. In fact, the No. 3 strain had been de-
tected before the outbreak and, therefore, can be differenti-
ated from the outbreak strain. Comparisons among hospi-
tals A, B, C and TUH demonstrated different types among
hospitals A, B, and C, but the outbreak strains were of one
identical type between hospital C and TUH. The hospital
isolates were classified into 4 types by PFGE. With the ana-
lytical results of 26 isolates from the outpatients of TUH,
they were classified into 12 patterns by PFGE. O type was
the most common (6 strains), followed by G and I types (3
strains each). As a result of analysis, 45 clinical isolates
were classified into 16 patterns (Fig. 2).

spa typing

spa typing of the isolates from hospitals A, B, and C
demonstrated one identical sequence for each hospital, but
the sequences were different among the hospitals; we
obtained the same results as those using PFGE. The out-
break isolates in TUH showed one identical sequence,
except for the No. 3 strain; spa typing allowed the distinc-
tion between non-outbreak and outbreak strains, as did
PFGE. Comparisons among hospitals A, B, C and TUH
also showed different sequences; all outbreak strains were
of different types.

The hospital isolates were classified into 5 types based
on spa typing. The 26 strains from the outpatient of TUH
were classified into 7 types according to their sequences
obtained by spa typing. A sequence comparison between
the hospital isolates and those from the outpatient of these 4
hospitals is shown in Fig. 1. The hospital isolates and those
from the outpatients were of different types, and the 45 clin-
ical isolates were classified into 12 types.

A comparison of the results between PFGE and spa
typing is shown in Fig. 2. The analysis of outbreak isolates
obtained in the hospitals yielded consistent results between
PFGE and spa typing; the outbreak strains identified by
PFGE could also be identified as outbreak strains by spa
typing, since they showed the same sequences. In the out-
break cases in TUH, spa typing also allowed the distinction
between outbreak and non-outbreak strains. The outbreak
strains of hospital C and TUH showed one identical pattern
in PFGE, but were indicated different sequences in spa typ-
ing. Thus, spa typing showed an identification capability
comparable with that of PFGE in outbreak cases. On the
other hand, some isolates from the outpatients showed one
identical sequence in spa typing, although they were of dif-
ferent types in PFGE. That is, in some strains, the results of
spa tying were not correlated with those of PFGE, and so
precluded their distinction.

Discussion

The rapid and accurate typing of isolates of nosocomial
infection plays a central role in epidemiological surveys and
nosocomial infection control. PFGE, the technique most
commonly used for epidemiological surveys today, is char-

acterized by two innovative technologies. Firstly, the entire
DNA extraction procedure is performed in agarose-embed-
ded bacterial cells, which prevents the fragmentation of
DNA and allows the recovery of macromolecular DNA.
Secondly, this macromolecular DNA is electrophoresed in
agarose for electrophoresis by alternately changing the elec-
tric field using a specific apparatus. These techniques
enable polymorphism analysis of macromolecular DNA
treated with specific restriction enzymes. PFGE has shown
marked identifying capabilities and is considered a “gold
standard” in epidemiological surveys such as microepide-
miological (local or short term) and macroepidemiological
(national, continental, or long term) surveys (Macfarlane et
al. 1999; McDougal et al. 2003; Murchan et al. 2003; Sousa
et al. 2006; Hallin et al. 2007). However, its procedures are
complicated due to time-consuming electrophoresis (about
20 hours), taking about 7 days from the start of culture until
the results are obtained. In nosocomial outbreak cases, out-
breaks are likely to be under control by the time the results
are made available and, therefore, PFGE rather serves as a
retrospective genetic confirmation. On the other hand,
recent marked progress in sequencing techniques has facili-
tated faster analysis. The spa typing conducted herein is a
single polymorphic locus sequence-based typing method,
and is reportedly superior to PFGE in terms of speed, repro-
ducibility, and convenience of technique (Murchan et al.
2003; Wernitz et al. 2005; Ruppitsch et al. 2006; Sousa et
al. 2006, Hallin et al. 2007). Data analysis, like other gel-
based typing systems, provides a subjective interpretation of
PFGE results (Tenover et al. 1994) and, therefore, poses a
problem regarding data standardization among different
institutions (Heijne and Uhlen1987; Brigido et al.1991;
Belkum et al. 1998). The standardization of data has
recently been attempted through the development of an
analysis system, and multicenter studies have been conduct-
ed (Chung et al. 2000; Oliveira et al. 2001, Duck et al.
2003; Cookson et al, 2007), but database construction
remains difficult.

spa typing, like PFGE, can be used for both local and
global epidemiological surveys (Koreen et al. 2004; Hallin
et al. 2007), but is reportedly inferior to PFGE in terms of
identification capability (Shopsin et al. 1999). On the other
hand, long-term macroepidemiological studies have report-
ed that spa typing shows identifying capabilities comparable
with those of PFGE (Strommenger et al. 2006; Hallin et al.
2007). Rapid sequencing has facilitated a rapid response to
outbreaks. Several epidemiological surveys employing the
direct DNA comparison method have been reported (Shopsin
et al. 1999; Tang et al. 2000). On spa gene analysis in this
study, the spa gene sequences of outbreak strains were iden-
tical within individual hospitals, but differed among hospi-
tals. In isolates from TUH, a non-outbreak strain could be
differentiated, and the findings were comparable to those of
PFGE (Fig. 2). Isolates from outpatients were classified
into 12 types by PFGE, but only 7 types by spa gene
sequencing, showing that PRGE was superior in terms of
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discrimination. The overall results revealed 16 types classi-
fied by PFGE and 12 types classified by spa typing; also, in
this study, as in other reports, PFGE showed a higher identi-
fication capability than sequencing. A comparison of the
results between spa typing and PFGE analysis demonstrated
that strains yielding different sequencing results could be
determined as epidemiologically different strains, but strains
with the same sequence could not be determined as the
same one. Thus, it was suggested that the use of spa typing
could not accurately demonstrate evidence of an outbreak,
but was considered to be useful for the first screening in
view of its speed and convenience. Hospitals A, B, C and
TUH are located 10-30 km away from one another. The
analysis of outbreak strains showed the same PFGE type
between hospital C and TUH, but indicated different pat-
terns in spa typing and thus allowed identification, suggest-
ing the applicability of spa typing not only in outbreak cases
in hospitals but also in epidemiological surveys in our area.

Multilocus sequence typing (MLST) to analyze 7
housekeeping genes is available as another sequencing-
based analytical method. However, its usefulness as a
countermeasure against nosocomial infections has not been
established due to the small number of mutations and low
identification capability (Gomes et al. 2005: Sousa et al.
2006). This technique is used in long-term international
epidemiological surveys as a gold standard of “population
analysis.” The PFGE test is hampered by database construc-
tion of the results from a wide-ranging survey, but is suit-
able for epidemiological surveys of regional epidemic
strains. spa typing, as we examined herein, is useful for
screening in cases that require rapid countermeasures.
Thus, the proper use of appropriate methods facilitates
effective epidemiological surveys.
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