Under the Microscope

Arrays in clinical microbiology
DNA, mRNA or ampliﬁed products from the test sample allows
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the analysis of many genes or targets. This technique has proved
extremely valuable in gene expression analysis (both within a single
sample and as a comparison between cell types) where the expression of thousands of genes may be examined at once1. Research in
the microbiology ﬁeld has also been enhanced with microarrays
used for studies of microbial expression, host gene expression,
mutation analysis, identiﬁcation of emerging pathogens, detection
of known pathogens, typing of organisms and drug resistance
detection2.
Application of array technology in the diagnostic microbiology
laboratory is also promising with the availability of commercially

Application of molecular techniques in the diagnostic microbiology laboratory for the detection of pathogens continues
to develop and expand. Typically, nucleic acid ampliﬁcation
is utilised to generate large amounts of target nucleic acid to
facilitate detection. Ampliﬁcation of either universal targets
by broad range PCR or speciﬁc targets may be combined with
detection in real time or post-ampliﬁcation hybridisation.
Simultaneous detection of large numbers of microbial tar-

manufactured low and middle density arrays for the detection of
large numbers of microbial genetic targets. Detection follows
PCR ampliﬁcation of speciﬁc gene targets, often covering both
bacterial and viral pathogens in the one assay. The potential to
detect 100 or more targets in the one assay has broadened the utility
of molecular testing considerably. Assays are commonly ‘specimen
or syndrome based’ in design and enable multiple results to be
available to the clinician from the one assay on a single sample.

gets or resistance genes may be achieved using microarray
technology, or the newly developed FilmArray system. This

The NanoCHIP XL system (Savyondiagnostics), for example, offers

automated nested PCR with melt curve analysis is a prom-

several diagnostic panels including gastrointestinal pathogens

ising tool for the diagnostic microbiology laboratory.

(bacteria and parasites), sexually transmitted infections, infection

Detection of ampliﬁed products in real-time PCR with the use of
ﬂuorescent dyes or labelled probes has increased substantially in
recent years and provides rapid, sensitive and speciﬁc detection of
either single or multiple targets. A major advantage of real-time PCR
is that handling of ampliﬁed material is not required, substantially
reducing the risk of amplicon contamination in the laboratory.

control and respiratory pathogens. This system is an electronic
microarray using electric ﬁelds to control nucleic acid transport.
A positive current is applied to designated test sites on the array
attracting negatively charged nucleic acids (probes). Bonds are
formed between a streptavidin coating on the array surface and the
biotinylated probes. Probes for additional targets may be added in
the same manner. Fluorescently labelled target DNA is then added

A number of commercially available platforms (e.g. Genexpert,

and, if present, hybridises with the appropriate immobilised probes

BDmax) that enable automated extraction, ampliﬁcation and analyte

on the array. Fluorescent reporters on bound DNA identify positive

detection in the one system are now available, and reduce hands-on

tests. This ﬂexible system allows one specimen to be hybridised to

time for laboratory scientists. Generally these systems are simple to

multiple test sites and multiple samples to be analysed on the same

use and provide rapid (<2 hours) results making them suitable to

array cartridge.

integrate into non-specialised molecular laboratories. Multiplexing
large numbers of targets may however be technically difﬁcult
and be largely dictated by the capabilities of detection instrumentation. Detection of an extended number of targets may require
multiple ampliﬁcation reactions increasing setup time and reducing
throughput.

The use of the ‘liquid-bead suspension’ array of the Luminex system
has also proved of great beneﬁt in identifying microbial pathogens.
This three-dimensional, low-density array utilises microscopic
spheres or beads as the solid support and may be probed for up
to 100 targets at a time using xTAG technology. Beads containing
dyes of a unique spectral proﬁle are bound to oligonucleotides of

An alternate detection methodology that is gaining increased inter-

deﬁned sequences. A mixture of such bead complexes may then

est is that of microarrays. Generally, a DNA array contains hundreds

be used to test for targets of interest generated by multiple PCR

to thousands of DNA fragments attached at ﬁxed locations on a solid

(and containing sequences complimentary to the bound oligonu-

support such as a glass slide, silicon chip or bead. Hybridisation with

cleotides). Solutions containing hybridised bead–oligo–target
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melting curve analysis of more than 100 different nucleic acid targets
at one time may be performed in an automated, self-enclosed
system (Figure 1). Sample processing and detection is conducted
in the FilmArray pouch, which contains multiple reagent reservoirs,
channel-linked processing stations and a ﬁnal stage 102 welled array
Cell
Lysis

for the second PCR stage. Freeze-dried reagents remain under
1st PCR

DNA/RNA
Purification

2nd PCR

vacuum, maintaining the integrity of the reagents and allowing
simple delivery of sample and hydration solution. Movement of
liquid through the pouch is controlled by pneumatic elements
within the FilmArray instrument. Minimal sample setup time is
required (<5 minutes), and results of a comprehensive range of
pathogen targets are available in about an hour. System performance has been validated with the detection of a panel of respiratory
pathogens, with performance/sensitivity generally comparable to
real-time PCR5 and Luminex microarray detection6. Panels for the
detection of gastrointestinal pathogens (viral, bacterial, protozoan)
and blood pathogens (bacteria, fungi, resistance genes) are under
development.
Although the limited throughput of this system in its current form
may preclude replacing existing methods in high throughput laboratories, its ease of use and rapid turnaround time make it an
attractive option for rapid testing in select patient groups, out of
hours testing or processing in the smaller laboratory. The full

Figure 1. FilmArray system.

potential of this system may be assessed as further applications are
complexes are subjected to ﬂow cytometry and identiﬁed by the

developed. Certainly, the increased availability of array style detec-

emission spectrum of the dye within the bead.

tion products enables the diagnostic laboratory to consider comprehensive multi-target detection approaches.

Array technologies are most valuable when screening for a large
number of pathogens (e.g. detection of multiple respiratory viruses), or when multiple methodologies can be replaced by using one
array assay (e.g. gastrointestinal pathogens, including bacteria,
viruses and parasites). Processing relies less on individual test
requests and reduces the need for complex laboratory testing
algorithms. Comparable performance with that of real-time PCR is
reported3 (though real-time PCR appears superior for adenovirus
detection), and the detection of multiple pathogens in the one
sample is not uncommon. Availability of a comprehensive range of
results in 5 hours after minimal hands-on time provides substantial
improvement to both laboratory workﬂow and turnaround time,
and enables timely patient management.
However, one potential disadvantage of the microarray when compared with real-time PCR, is the contamination risk introduced
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through manipulation of ampliﬁed material during hybridisation
and washing steps. Stringent decontamination and quality control
procedures are required to ensure the validity of results.
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