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Introduction

Advances in techniques used to detect and characterise
diseases have resulted in a rapid increase in demand within
research and clinical laboratories.'® In some circumstances,
liquid-handling robotics can be used to perform menial tasks
that are repetitive and easily executed on such a platform.
Initially, only basic liquid distribution from one vessel to
another was achievable. To improve on this, and achieve a
high level of accuracy and reproducibility, it became
apparent that a more complex and integrated system was
needed that would eliminate fundamental problems such as
contamination.”®

Over the past few years, automation has proved that it can
play a key part in the effective and reliable performance of
appropriate assays for the detection and characterisation of
disease-causing organisms.”" Automation of high-
throughput or rapid assays is attractive because of its
reproducibility, reliability and long-term cost-effectiveness
major factors that any research or clinical laboratory must
consider.

Laboratory automation and new technologies have
considerable potential to improve disease detection and
characterisation through protocols that reduce liquid-
handling errors and cross contamination. It is within such
areas that the greatest advances have been made.
Development of non-cross contamination (NCC) technology
for reagent and sample vessels, together with disposable
filter tips and washable tips with integrated tip cleaning
facilities, have eliminated major drawbacks such as
contamination and allow automated protocols to compete
favourably against traditional manual preparations.

Use of automated robotic components is relatively easy
and does not require complex information or specialist
training. Thus, successful operation requires only an average
level of laboratory competence. Another advantage is the
broad range of complex liquid-handling procedures that can
be performed with relative ease. Moreover, an array of
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ABSTRACT

Demand for accurate high-throughput detection and
characterisation of medically important bacteria has
increased dramatically within research and clinical
laboratories. Liquid-handling robots have been developed
to achieve high levels of accuracy and reproducibility.
Assay automation can play a key role in the modern
diagnostic laboratory and the data presented here shows
that automated PCR is comparable with manual methods.
Importantly, automation is preferred when high-quality
results cannot be guaranteed using manual methods. This
is particularly important when results are required quickly
for public health management.
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equipment (DNA extraction systems, PCR preparation areas,
thermocyclers and refrigerated sample and reagent units)
can be integrated onto robot platforms, permitting a much
more flexible approach to assay design.

Nucleotide amplification assays have been available for
over a decade now, and the polymerase chain reaction (PCR)
has had a profound effect on the development of various
techniques for the laboratory confirmation of many
infectious diseases."” Various technical advances in computer
technology and robotic liquid-handling systems have given
rise to the possible automation of common laboratory
procedures, and fully automated DNA detection systems
could be used both in high-throughput research facilities
and in the routine clinical diagnostic laboratory.

Here, we describe the use of automation for PCR diagnosis
of meningococcal disease (MD) in a national reference
laboratory. MD is commonly diagnosed using PCR if no
culture has been isolated due to prior antibiotic therapy.”
Rapid and accurate confirmation is essential to distinguish
outbreaks of genuine disease." Although manual PCR assays
are performed, often they prove inadequate and inaccurate
for this purpose, especially for high reproducibility on a
large number of clinical samples. Continual rise in PCR
requests over the past few years has resulted in the
procedures becoming labour-intensive, with the possibility
of errors associated with liquid handling and contamination.

The national reference laboratory started to use a liquid-
handling robot as a means to automate the technique
(preparation of PCR reactions, integrated thermocycler and
a gel tray for loading and electrophoresis of PCR products)
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Fig. 1. Roboamp-4200 robotic liquid-handling system showing A) the robot platform and B) the washable tip system.

used for the laboratory confirmation of MD. PCR is a proven
method for the confirmation of meningococci *** and
automation can be used for the high-throughput detection
of MD.

Using Neisserian meningitidis, evaluation of the
methodology provides a good example in which automation
is necessary to maintain high standards as requests increase.
Therefore, we developed an automated PCR method using
the MWG-Biotech Roboamp-4200 (MWG Biotech, Milton
Keynes, UK), a 96-well format liquid-handling system. As a
consequence, MD confirmation by automated PCR is now a
routine national service and the methodology required is
described here.

Materials and methods

A collection of 100 blood and CSF samples, sent to the
Scottish Meningococcus and Pneumococcus Reference
Laboratory (SMPRL) between 1996 and 2000, were studied.
All were taken at the time of admission from patients with
suspected MD in hospitals across Scotland, and originally
were positive by I1S1106 PCR using manual methodology. A
random collection of 20 bacterial strains was used as positive
controls of N. meningitidis, referred to SMPRL by
microbiology laboratories from January 1996. Sterile distilled
water negative controls also were included.

CSF samples were suspended in sterile saline and boiled

for 1 min. DNA was extracted from blood samples (200 uL),
using a NucleoSpin blood DNA extraction kit (ABgene,
Surrey, UK), and the method performed as described in the
manufacturer’s instructions. Extracted DNA was used as the
source for detection of meningococcal DNA.

Bacterial isolates were inoculated onto horse blood agar
(Oxoid, Basingstoke, UK) and incubated overnight in 5%
CO, at 37°C. Several single fresh colonies were inoculated
into 0.5 mL sterile distilled water, boiled for 1 min,
centrifuged at 15 000 xg for 2 min and the supernatant used
for the detection of meningococcal DNA.

Automated PCR utilised the Roboamp-4200 robotic liquid-
handling system, which permitted automation of the
procedures required for the amplification of meningococcal
DNA (Figure 1). Roboamp-4200 programming was
performed according to the manufacturer’s instructions.

All PCR reagents were maintained at 4°C on the
refrigerated platform. Each reaction was performed in a final
volume of 50 uL, using 1.1x Reddymix PCR master mix
(ABgene, Surrey, UK). For a 50 uL reaction, 45 uL PCR master
mix and 1 pL each of the IS1106" or ctrA™ primer pairs (Table
1) were added together, to produce a 47 uL volume. These
pre-prepared mixes were placed on the liquid-handling
robot refrigerated reagent rack and the DNA-extracted
samples were placed on the sample area of the liquid-
handling robot. Into a refrigerated NCC 96-well plate, 47 uL
of each master mix was added automatically, using a
washable tip, together with 3 uL DNA preparation -

Table 1. PCR amplification primers used for amplification of IS1106 and ctrA genes

Target gene Forward primer (5' - 3')

Reverse primer (5' - 3')

1IS1106 ATT ATT CAG ACC GCC GGC AG
(850-869)

CtrA ATG CGG TGG CTG CGG TAG GT
(744-763)
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Table 2. Manual and automated non-culture confirmation of meningococcal disease by PCR

No. of samples

Target gene

1S1106 ctrA
Manual Automated Manual Automated
Positive controls (n=20) 20/20 20/20 20/20 20/20
Negative controls (n=20) 0/20 0/20 0/20 0/20
Clinical samples (n=2100) 100/100 100/100 97/100 97/100

resulting in a final volume of 50 uL. After each stage, the tip
was washed automatically with 2 mL sterile distilled water,
within an integrated tip-washing station.

The NCC 96-well plate was placed automatically into an
integrated MWG-Biotech Primus 96 thermocycler (MWG
Biotech), using PCR conditions described previously for
either IS1106" or ctrA.” After thermocycling, the NCC plate
was transferred automatically from the thermocycler to a
refrigerated block, on which the samples were maintained
at4°C.

Agarose gel was prepared in a special tray to fit onto the
robot platform for 1S1106 (1.5% agarose) and ctrA (3%
agarose) detection. Both contained ethidium bromide. 10 uL
of each sample was transferred automatically and loaded
into the appropriate well of the gel block. After loading each
sample, the tip was washed automatically with 2 mL sterile
distilled water.

A power source was attached to the gel unit manually to
continue the gel electrophoresis procedure, which was
performed at 100 V for approximately 30 min. Finally, the gel
unit was placed on an ultraviolet transilluminator to
visualise the amplified meningococcal DNA.

Results

Semi-automated PCR was evaluated using 140 specimens,
comprising 100 clinically confirmed samples, 20 bacterial
isolates (positive controls) and 20 samples of sterile distilled
water (negative controls) (Table 2).

Using the Roboamp-4200 with a washable tip, the entire
process took approximately 2) hours, from chemical
preparation to gel visualisation. Initial results obtained with
distilled water spiked with concentrations of a known
suspension of N. meningitidis demonstrated that the
automated PCR method, followed by automated agarose gel
electrophoresis loading, could detect known positives at a
sensitivity comparable with conventional manual
techniques.

When used to examine the different clinical samples taken
from patients with confirmed MD, all 100 previously
confirmed as positive by the conventional manual IS1106
insertion element method were also positive by the
automated system. Of the 100 samples, 97 were ctrA-positive
by both automated and manual methods.

All 20 negative controls placed randomly among the
clinical samples and bacterial isolates proved negative by
agarose gel electrophoresis, using both the automated and
conventional manual methods (Table 2).

Automated PCR was found to be efficient and

reproducible, and removed the laborious and occasionally
inaccurate nature of this technique.

Discussion

Development of automated methods, such as the one
described here, demonstrates that they are comparable with
manual alternatives, and highlights several significant
points. Firstly, automation is as accurate as manual
methodology and, importantly, is constant in terms of
quality and reproducibility — consistent high-quality manual
results cannot be guaranteed.

Secondly, with increasing demand for PCR testing,
automation can provide a rapid system and virtual 24-hour
service for MD confirmation by PCR, which is beneficial in
most circumstances. Owing to the minimisation of repeats,
automation has proved to be cost-effective and maximises
efficiency and accuracy.

Both short- and long-term disease surveillance studies
depend on reliable molecular methods, which can be used to
determine bacterial DNA in patient samples.*** SMPRL has
taken this a step further and introduced a rigid, reliable and
reproducible automated PCR service for the detection of
meningococcal DNA in all routine samples referred for
analysis.

Many advantages are apparent when using an automated
system for DNA detection in organisms such as
N. meningitidis, and the integration of PCR within such a
system provides greater flexibility than is available with
time-consuming and laborious manual alternatives. O

Funding for the liquid-handling robot was generously provided by
the Meningitis Association (Scotland).
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