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Microbial typing is used to track the spread of infectious diseases. The need to differentiate closely related
organisms is important from the perspectives of public health and individual healthcare facilities. Understanding
clonality of an outbreak allows implementation of appropriate control measures and potentially, control of the
outbreak (2-4, 10). Typing results are important in evaluating resistance and antimicrobial consumption data; a
high frequency of resistant isolates might represent the spread of a single resistant clone independent of antibiotic
pressure or selection of many different resistant isolates as a result of high consumption of antimicrobial agents,
or a combination of both (1, 15). Control of one resistant bacterium can potentially have the ancillary affect of
guelling dissemination of other, coexisting pathogens (5).

The ideal typing method provides easily interpretable results based on objective criteria which are reproducible
both within and between laboratories, and allows differentiation of unrelated strains (11). Additionally, the ideal
technique should be standardized, technically facile, rapid and cost-effective (11). In this session, commonly
used molecular typing strategies will be overviewed.

Pulsed field gel electrophoresis is widely used (4), as a result of its discriminatory capacity between related
and unrelated bacterial isolates, and acceptable intralaboratory reproducibility. This technique is particularly
helpful at the level of the local microbiology laboratory. It involves embedding organisms in agarose, lysing
organisms in situ, and digesting chromosomal DNA with restriction enzymes that cleave infrequently, thereby
generating large restriction fragments. Slices of agarose containing chromosomal DNA fragments are inserted
into wells of an agarose gel. Restriction fragments are resolved into a pattern of discrete bands on the gel by an
apparatus that switches the direction of current in a predetermined “pulsed-field” pattern resulting in smaller
fragments migrating faster through the gel than larger ones. DNA restriction patterns of the isolates are then
compared to one another to determine their relatedness. Pulsed field gel electrophoresis analysis provides a
global chromosomal overview, scanning most of the chromosome, but has only moderate sensitivity as minor
genetic changes may go undetected. Published interpretative guidelines (12) are widely used, and standardized
protocols have been established for some bacterial pathogens, allowing intralaboratory comparison of patterns.
This technique can, however, be costly, labor intensive and time-consuming. There can be problems with
ambiguous bands, variable signal intensities, background noise of the electrophoretic profile, different mobilities
of high and low molecular bands, uncertainty of the genetic identity of two bands of equal size, and gel distortion
(6).

Multilocus sequence typing involves sequencing nucleic acid fragments from a limited number of
housekeeping genes of the organism being studied (6). It allows the construction of electronically accessible
genetic databases and is less labor intensive than pulsed field gel electrophoresis. The method may provide
limited discriminatory power as it only analyzes the sequences of highly conserved genes (6). It is therefore
ideally suited to the investigation of bacterial phylogeny and evolution of population lineages rather than typing
of strains in individual hospitals (13).

Variable-number of tandem repeat analysis (multilocus variant-repeat analysis) detects variations in short
sequence repeat motifs of bacterial genomes (6). This approach may not be as discriminatory as pulsed field gel
electrophoresis or multilocus sequence typing, however, it is easy to perform, rapid, and inexpensive (8). The
DiversiLab System (Bacterial Barcodes, Houston, TX) has standardized repetitive element sequence-based
PCR, which uses consensus PCR primers to amplify DNA sequences located between successive repetitive
elements, and incorporated automated detection and analysis to ease interpretation and data manipulation (11).

Randomly amplified polymorphic DNA analysis (arbitrarily primed PCR) involves randomly amplifying
segments of the target DNA by using arbitrary primers that do not have any predefined homology to the target
sequence. Randomly amplified polymorphic DNA analysis surveys relatively undefined regions representing a
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small percentage of the chromosome. Amplified DNA is visualized via gel electrophoresis, and patterns are
compared to one another. This technique can lack reproducibility between laboratories as a result of nonstringent
PCR conditions.

Ribotyping involves detection of genomic restriction fragments containing ribosomal RNA sequences, and
has been commercialized as the RiboPrinter® Microbial Characterization System (Dupont Qualicon, Wilmington,
DE).

Amplified fragment length polymorphism analysis (AFLP® Microbial Fingerprinting, Applied Bioscience,
Foster City, CA) produces a distinctive DNA fingerprint by selective PCR amplification of restriction fragments of
the entire microbial genome. The procedure includes the preparation of a template where genomic DNA is
digested with two restriction enzymes (“rare cutter” and “frequent cutter”), which produce cohesive fragment
ends and cut DNA with different frequencies. Following digestion, genomic restriction fragments are modified by
ligation of synthetic, double-stranded oligonucleotide adapters with ends complementary to those of the restriction
fragments. Thus, after the ligation step, genomic restriction fragments have termini of known sequences. Such
an amplified fragment length polymorphism template is submitted to highly stringent PCR amplification with
primers complementary to their targets. Amplified fragments are separated by electrophoresis and visualized by
sequencing gel analysis or by the laser detection system of an automated sequencing instrument. This is a
reliable and robust technique that provides excellent performance in terms of reproducibility and resolution.
Amplification of DNA fragments surrounding rare restriction sites (ADSRRS fingerprinting) is a similar technique
based on the digestion of total bacterial DNA with two restriction enzymes differing in cleavage frequency,
ligation with two different oligonucleotide adapters, and suppression of PCR (9). Suppression of PCR allows
amplification of only a limited subset of DNA fragments, as only those with two different oligonucleotides ligated
at the ends of complementary DNA strands are amplified (9). Amplified DNA fragments are compared using
conventional gel electrophoresis (9).

Other techniques include multilocus enzyme electrophoresis (a technique that determines relationships
based on the presence and electrophoretic characteristics of a variety of enzymes), insertion sequence profiling
(6), single nucleotide polymorphism detection, and genus/species-specific approaches such as spa typing (i.e.,
definition of the composition of repeats at the 3’ end of the Staphylococcus aureus protein A gene, spa), phage

typing, and SCCmec typing (7, 14).
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