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Amplified fragment length polymorphism versus pulsed-field gel electrophoresis was used for fingerprinting
of 85 macrolide-resistant pneumococcal isolates identified by using primarily phenotypic methods. Confirma-
tion of identification by 16S rRNA sequencing revealed that 27 isolates were actually nonpneumococci.
Amplified fragment length polymorphism but not pulsed-field gel electrophoresis offered simultaneous and
accurate discrimination between pneumococci and nonpneumococcal species.

To monitor epidemiological spread of resistant pneumo-
cocci, dependable and efficient identification techniques are a
prerequisite. However, accumulating data indicate that identi-
fication of Streptococcus pneumoniae by molecular biology and
conventional biochemical methods leads to controversial re-
sults (2, 6, 10, 11; J. W. Mouton et al., Abstr. 43rd Intersci.
Conf. Antimicrob. Agents Chemother., abstr. D-1690, 2003).
Various fingerprinting techniques for S. pneumoniae have been
described previously, including pulsed-field gel electrophoresis
(PFGE) (9) and several PCR-based genomic profiling assays
(5, 7). PFGE is still considered to be the “gold standard” for
determination of epidemiological relationships between pneu-
mococcal isolates. However, it is a laborious and time-ineffi-
cient method. For obvious reasons, PCR-based protocols are
much more favored than the classical PFGE protocol. In this
study, we explored the use of amplified fragment length poly-
morphism (AFLP) for epidemiological fingerprinting of mac-
rolide-resistant S. pneumoniae isolates with emphasis on the
comparison with PFGE.

We analyzed 85 erythromycin-resistant S. pneumoniae clin-
ical isolates collected from several laboratories throughout
The Netherlands between December 2001 and April 2002.
Strains were stored in polypropylene vials at �70°C until test-
ing. Strains were identified by the participating laboratories by
their own standard identification techniques. All isolates were
analyzed by 16S rRNA sequencing (described below). Strains
were grown overnight on blood agar plates at 37°C under 5%
CO2 conditions. AFLP, PFGE, and data analysis were per-
formed according to previously described procedures with mi-
nor modifications (8). The identification of all S. pneumoniae

strains was confirmed by sequence analysis of part of the 16S
rRNA gene. Amplicons were generated under standard PCR
conditions with the primers 5�-CGGCGTGCCTAATACATG
C-3� and 5�-CGTATTACCGCGGCTGCT-3�. After purifica-
tion of the amplicons by High Pure chemistry (Roche Diag-
nostics), they were subjected to sequence analysis on an
ABI3700 platform under the conditions recommended by the
manufacturer (Applied Biosystems). The sequences obtained
were compared to sequences in the public DNA libraries by
using the web-based BLAST interface (1).

Fingerprints of the 85 strains analyzed in this study, obtained
by using PFGE and AFLP, are shown in Fig. 1. As can be
observed, nearly identical clusters of closely related strains can
be identified by both typing methods. AFLP analysis showed,
in addition to the clusters of epidemiological related strains,
the formation of two clearly discernible megaclusters of strains
in the dendrogram. We speculated that this collection of
strains contained different species. Therefore, the identity of
all strains was analyzed by 16S rRNA sequencing. All but one
of the strains in AFLP cluster I (n � 58; 68% of all strains)
were confirmed to be S. pneumoniae. All isolates that were not
grouped in cluster I (n � 26; 31% of all strains) proved to be
nonpneumococcal strains. Of these 26 isolates, 17 (65%) were
Streptococcus mitis strains, which were all grouped in cluster II,
and the remaining 9 (35%) were unidentifiable streptococcal
species. Remarkably, one strain in the pneumococcal cluster
(cluster I) in the AFLP dendrogram could not unequivocally
be identified as S. pneumoniae by 16S sequencing but could
only be designated as streptococcal species.

The emergence of penicillin- and multiresistant pneumococ-
cal isolates worldwide (4) necessitates continuous monitoring
of the epidemiological spread of such strains. For this purpose,
time-efficient and dependable fingerprinting techniques are es-
sential. In the present study, we used AFLP versus PFGE for
molecular typing of macrolide-resistant S. pneumoniae strains.
Establishment of epidemiological relationships between pneu-
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FIG. 1. AFLP and PFGE dendrograms from 85 presumptive pneumococcal isolates. Two clearly discernible megaclusters containing either S.
pneumoniae or S. mitis (clusters I and II, respectively) are present in the AFLP dendrogram. The identification results by 16S rRNA sequencing
for all strains are also shown. Strains are sequentially numbered in the AFLP dendrogram; corresponding numbers appear in the PFGE
dendrogram. The scale bar indicates the percentage of similarity.
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mococcal strains was more easily established by AFLP than by
PFGE. Moreover, AFLP analysis showed, in contrast to
PFGE, the formation of clusters on a species level, allowing
simultaneous discrimination between pneumococci and closely
related species like S. mitis. Highly specific molecular biologi-
cal methods like 16S sequencing provide new possibilities for
more definite identification of S. pneumoniae. However, natu-
rally occurring sequence variations within the 16S rRNA gene
may complicate identification procedures, and it is not always
clear where to draw the line between S. pneumoniae and ge-
notypically similar species like S. mitis (6, 11). Clearly, this is
not restricted to 16S analysis but holds true for any other
single-gene method. In contrast, AFLP is a genome-wide anal-
ysis technique, much less influenced by naturally occurring
minor sequence variations. In our study, one strain in the
pneumococcal cluster (cluster I) in the AFLP dendrogram
could not unequivocally be identified as S. pneumoniae by 16S
sequencing but was only designated to be a streptococcus spe-
cies. However, AFLP analysis showed that this isolate was
closely related to the other pneumococci in cluster I. There-
fore, this particular isolate should be designated as S. pneu-
moniae. AFLP analysis, showing a clear separation between
pneumococcal and nonpneumococcal clusters in the dendro-
gram, can be used as an alternative method to 16S rRNA
sequencing for a more definite identification of streptococcal
isolates. Phylogenetically related species like S. mitis have re-
duced antimicrobial susceptibility patterns compared to S.
pneumoniae, and failure to differentiate between these two
species will significantly influence pneumococcal resistance
rates (3, 10). This underscores the need for specific and de-
pendable techniques for identification of S. pneumoniae in
epidemiological studies. In contrast to PFGE, AFLP offers
fully computerized data acquisition, which allows large num-
bers of isolates to be processed in a relatively short period of
time. This makes this technique an efficient and dependable
method for epidemiological fingerprinting of pneumococci. In
summary, AFLP is an efficient alternative to PFGE for assess-

ment of epidemiological relationships between pneumococcal
isolates and is, in contrast to PFGE, effective in distinguishing
S. pneumoniae from phylogenetically related species like S.
mitis. In our opinion, AFLP analysis should be the preferred
method for epidemiological fingerprinting of pneumococci.
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