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It is estimated that 180000 cases of hospital-acquired infec-

tions occur in Australian hospitals each year1. Many of these

follow colonisation of patients by nosocomial bacterial

pathogens. Identifying these acquisition events is necessary

to target infection control interventions and to accurately

estimate the burden of hospital-acquired infections on our

healthcare system. Strain typing is required to reliablymon-

itor these nosocomial acquisition events, particularly for

organisms with high background incidence like Staphylo-

coccus aureus. Traditional strain typingmethods have been

used in a limited, retrospective fashion to confirmsuspected

outbreaks, but newer technologies allow routine, prospec-

tive strain typing to detect transmission soon after it occurs

and whole genome sequencing allows the identification of

the direction of transmission chains.

The past

Since its introduction in the 1980s, pulse field gel electrophoresis

(PFGE; Figure 1) of restriction enzyme fragmented genomic DNA

has been the mainstay of bacterial strain typing for investigation of

outbreaks, particularly in the nosocomial setting, but also for other

applications, including foodborne illness outbreaks in the commu-

nity. PFGE has high discriminatory power for most bacteria and

guidelines are published for the interpretation of banding patterns

to classify isolates as likely to be related or unrelated2. The main

disadvantage of PFGE is that it is slow and labour intensive (and

therefore expensive). A maximum of ~25 isolates can be examined

on a single run, which takes 3–5 days to perform.

Another difficulty with PFGE is interpretation and sharing of results.

Interpretationof thefingerprint patternproduced canbe somewhat

subjective, and inter-run and inter-laboratory comparison of results

can be difficult, even with the assistance of software such as

BioNumerics (Applied Maths Sint-Martens-Latem, Belgium).

As a result, PFGE-based analysis of nosocomial outbreaks tends to

occur in a retrospective fashionwhere infection control surveillance

has identified a cluster of infections (or colonisations) in a discrete

geographic area and time period. Strain typing of the isolates is then

used to determine whether or not the cluster represents a true

clonal outbreak.

While this retrospective approach is useful for surveillance of

relatively infrequently occurring pathogens, for more commonly

occurring bacteria (such as methicillin-resistant Staphylococcus

aureus [MRSA] in settings of high endemicity) this approach is

more difficult as clusters representing outbreaks may not be dis-

cernible among the background ‘noise’ of endemic cases.

The present

The development of polymerase chain reaction has led to a prolif-

eration of newmolecular strain typingmethods, which are low cost,

rapid andhigh throughput.Manyof these also have the advantageof

producing results that can easily be expressed in a digital format,

allowing easy inter-run and inter-laboratory comparison. One such

method is multi-locus variable number of tandem repeats analysis

(MLVA). Here, several loci, each of variable length between isolates

(due to a structure composed of varying numbers of repeat units)

are amplified, the length of the PCR product precisely determined

(ideally by capillary electrophoresis) and the number of repeat units

at each locus determined. This series of numbers represent the

MLVA type for a given isolate. In Australia, MLVA has become the

standard method for strain typing of Salmonella in the surveillance

of foodborne outbreaks3. A similar method (mycobacterial inter-

spersed repetitive units, or MIRU, typing) is used for Mycobacteri-

um tuberculosis.

Sequencingof various lociwithin thebacterial chromosomehas also

emerged as an important method of bacterial strain typing. In

Staphylococcus aureus, sequencing of the staphylococcal protein

A (spa) gene has been shown to be a useful typing method and is

used routinely for surveillance of nosocomial transmission in some
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European centres4. Multilocus sequence typing, where several

(typically seven) housekeeping genes are examined, is useful for

studying overall population genetics of a species but (with some

exceptions) lacks the discriminatory power needed for outbreak

investigation.

Determining the presence or absence of a panel of genetic targets

within the bacterial chromosome (binary typing) can also be a

powerful molecular typing method. This approach forms the basis

of M. tuberculosis spoligotyping and we have developed a binary

typing method for MRSA that is used for surveillance of nosocomial

MRSA outbreaks5.

These PCR-basedmethods are generally inexpensive, high-through-

put, highly discriminatory and rapid, allowing them to be used in a

different way to the retrospective approach seen with PFGE. These

methods can be used prospectively, where all isolates are typed

routinely. When a cluster of indistinguishable isolates are seen

within a nominated time frame and geographic location, an alert

can be conveyed to the public health or infection control unit (in the

case of nosocomial surveillance) for further investigation. This

prospective approach is essential for pathogens of high endemicity

and is used routinely for surveillance of Salmonella,M. tuberculosis

and MRSA.

The future

While whole genome sequencing (WGS) currently has many limita-

tions – special bioinformatics skills, software and computing equip-

ment are required to analyse thehuge volumeof data generated and

much work is yet to be done to determine how best to interpret

results to define outbreaks – studies are beginning to be published

investigating the utility of whole genome sequencing in outbreak

investigation, both in hospital and community settings6,7. One

major advantage of WGS is the ability to infer the directionality of

transmission events and therefore the timeline of an outbreak, by

examining the accumulation of single nucleotide polymorphisms in

outbreak isolates over time. With the promise of ultimate discrim-

inatory power and with the cost falling dramatically in recent years,

WGS is likely to replace existing strain typing methods over the

coming decades.
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Figure 1. Left: the past – PFGE. Middle: the present – MRSA binary typing. Isolates are in columns and binary targets are in rows. Each target is
represented by two DNA probes complementary to different regions of the target. Discordance between the two probes for a given target is due to
sequence variation at the probe binding site. Right: the future – next generation sequencing in the diagnostic microbiology laboratory.
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