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COMMENTARY

Call for a Quality Standard for Sequence-Based Assays in Clinical
Microbiology: Necessity for Quality Assessment of Sequences

Used in Microbial Identification and Typing�

Anthony Underwood* and Jonathan Green
Bioinformatics Group, Microbiological Services Division, Health Protection Agency, London, United Kingdom

Subsequent to the early days of radioisotope sequencing,
DNA sequencing technologies have evolved rapidly, giving rise
to techniques that are more sensitive and rapid and provide
longer sequence reads. These incremental improvements in
technology and in the automation of modern sequencing plat-
forms have resulted in applications of DNA sequencing across
virtually all biological science disciplines. In microbiology, this
has led to a significant increase in the number of available
complete microbial and viral genome sequences and, conse-
quently, to increasing use of DNA sequence analysis in clinical
microbiology laboratories, where the results may be influential
on consequent patient management. The evolution of Sanger-
based technologies is now being complemented by the revolu-
tion of second- and third-generation sequencing technologies
that, potentially, could provide whole-microbial-genome anal-
ysis at the clinical bench and have a greater, more direct impact
on patient and outbreak management. While the technologies
have continued to evolve, common standards for the descrip-
tion of DNA sequence data quality still do not exist. Further,
utilization of DNA sequence data requires comparison with
other similar sequence data held in private or public databases.
Similarly, there is no process for the accreditation of these
databases and the analyses that they provide to ensure that
they are fit for purpose. We strongly urge that action is re-
quired to address this.

CURRENT USES OF SEQUENCING IN
CLINICAL MICROBIOLOGY

DNA sequencing is being introduced into microbial diagno-
sis particularly for the identification of esoteric organisms
where traditional methods fail or where the delay to definitive
identification by traditional means is significant to patient
treatment. The most common locus used for bacterial identi-
fication is the 16S rRNA gene (6). In general, the complete
sequence data rather than individual bases are important when
making comparisons to existing data to make the identifica-
tion. Other loci, in particular rpoB and gyrB (19, 31), are often

used for genera whose species are more difficult to resolve with
the 16S locus. Because the identification may be used in clin-
ical management to alter treatment regimens, the quality of the
data used to make this identification is crucial.

Sequence-based typing methodologies, typified by multilo-
cus sequencing typing (MLST), are often used for typing in
epidemiological studies and population biology. The results do
not usually have a clinical impact in the short term but may be
of great importance in medico-legal cases when identifying
source of infection, and therefore data quality is essential.
Crucially, with these techniques, a single-base change alters the
type; therefore, the quality at individual bases is as relevant as
overall quality.

Sequencing has not been widely used for determining anti-
biotic resistance in bacteria, because often the presence or
absence of a gene or genes is sufficient to convey resistance, or
regulator genes make it more than a single gene trait. Because
bacteria are typically easily and quickly cultured, phenotypic
testing usually produces an inexpensive, definitive result, mak-
ing molecular methods, including sequencing, inappropriate
(32). The exception is for slow-growing bacteria, such as My-
cobacterium tuberculosis, where a phenotypic result may take
several weeks to produce. M. tuberculosis is also of particular
relevance because it does not acquire DNA, including resis-
tance genes, horizontally, and so all resistance is the result of
chromosomal mutations. In this case, sequencing of the genes
involved in rifampin and isoniazid resistance may yield a result
within hours (11). When sequencing these loci, the high quality
of the bases causing potential resistance is obviously essential,
since an erroneous base will incorrectly inform the clinician of
the resistance profile of the organism causing the infection and
therefore may result in inappropriate treatment.

In contrast to bacteria, where sequencing has only recently
become more prevalent for the purposes of identification and
typing, sequencing has been the gold standard for some time
for viral typing and to a lesser extent viral identification. For
hepatitis C virus (HCV), genotyping has shown greater ability
to discriminate between isolates than other methods. Another
important example is HIV, where subtyping has revealed sev-
eral important findings with significance for surveillance, trans-
mission studies, and vaccine design (27). Genotypic analysis of
HIV resistance is the most common means used to predict
HIV resistance but is best used in conjunction with phenotypic
testing (30).
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DEFINING DNA SEQUENCE QUALITY

In order to develop a common language describing sequence
quality and thereby establish a common standard, we need to
examine the process of base calling, the process of converting
electrophoretic signals into a DNA sequence.

Originally, most sequencing was performed using a radioac-
tive-based Sanger dideoxy sequencing technique. For reasons
of safety, ease, and automation, this has largely been replaced
by fluorescent dye-based Sanger dideoxy sequencing, where
the products are run either on acrylamide gels or capillaries
containing a viscous polymer. The output from this technique
is a fluorescent trace file that can be processed to produce a
final output which is a string of alphanumeric characters, each
of which will be one of the four nucleotide bases (G, A, T, or
C) if none of the bases are ambiguous. Although these end-
point data are easily comparable between labs, the process of
converting the fluorescent trace files to the alphanumeric
string is performed by an algorithm on the sequencing machine
in a process named base calling. In essence, each of the algo-
rithms is designed to be able to identify real peaks based on the
features of the trace. In areas where the sequence is of poor
quality, the algorithm will either not be able to assign a base or
may assign an incorrect base. This problem can sometimes be
rectified by manual editing of the data after computer base
calling. Many scientists consider manual assessment of se-
quence to be the gold standard when applied to the process of
ensuring optimum sequence quality (20). However, different
scientists may use different subjective standards when deciding
a sequence to be of adequate quality for the desired purpose.
A recent study on the need for quality assurance in DNA
sequencing (1) concluded that, due to the large number of data
points that need to be analyzed in DNA sequencing, there is an
increased risk of error and that this emphasizes the need for
automatic quality-assessed base calling of DNA sequence and
automated genotype/mutation assessment.

Automated quality assessment, in contrast to manual ap-
proaches, allows quantitative values for quality to be assigned
to any sequence. Trimming and/or acceptance/rejection of a
particular DNA sequence can therefore be based on numerical
cutoff values, and this permits straightforward comparison of
results between laboratories. Phred is considered to be the
gold-standard software for automated sequence quality assess-
ment. Phred reads DNA sequencing trace files, calls bases, and
assigns a quality value to each called base. The Phred quality
values have been thoroughly tested for both accuracy and
power to discriminate between correct and incorrect base calls
(7, 8). Initial testing achieved 40 to 50% lower error rates on
large test data sets than other software (8). The assignment of
error probabilities allows for quantitative benchmarking of dif-
ferent sequencing methods and protocol changes. Phred was
designed to be incorporated in “pipelines” in the sequencing
workflow of large sequencing centers and is widely used by the
larger academic and commercial sequencing laboratories. To
date, few desktop applications have used the Phred algorithm,
and this makes it inaccessible to the average user. A wide range
of software is available to fulfil a similar purpose, and each may
have its own metric for the description of quality, making
comparisons between software difficult or impossible. Se-
quencing platforms from both Beckman and ABI have associ-

ated software that have improved dramatically compared to an
initial comparison with Phred and can now assign base quality
scores on the same scale as Phred, with the facility for trim-
ming sequences based on quality.

Sequencher is a piece of software often used in clinical
laboratories because of its ability to quickly analyze a set of
sequences for single nucleotide polymorphisms (SNPs) and to
take account of quality scores derived from base calling by its
own built-in algorithm or by Phred when making judgments
about SNPs.

Forthcoming changes to the in vitro diagnostic medical de-
vices directive (IVDD) are likely to include standalone soft-
ware within its scope (http://www.edma-ivd.be/fileadmin/upl
_documents/Position_Papers/software_29jan04.doc). This means
that bioinformatics software will almost certainly have to be CE
marked, and assessment of sequence quality will surely be part of
this.

DATA FROM NEW TECHNOLOGIES

A number of new sequencing technologies have arisen that
have already been demonstrated to be useful in public health
microbiology. These include pyrosequencing (22–24), a tech-
nique with current clinical applications (2, 4, 15, 28) producing
short reads for accurate and quantitative analysis of DNA
sequences, including built-in proprietary quality scores, and
Sequenom, a proprietary technology using the MassARRAY
system to perform reliable SNP analysis. Sequenom is said to
be 99.7% accurate and provides quality values for each assay,
but these are not comparable with other systems due to the
different nature of the technology. The technique is inexpen-
sive and has an extremely high throughput. Initial results where
this technology has been used for bacterial typing show prom-
ise (14).

“Next-generation sequencing” refers to a group of technol-
ogies that currently allow rapid sequencing of DNA templates
(often whole genome) through massively parallel reactions (17,
25, 26). Because of the different data types generated, it will
prove difficult to design a single common nomenclature for
quality. Instead standards will arise for each platform (3, 5).
Deriving clinically useful information from this sequence will
present many bioinformatics challenges, not least of which will
be to assess the quality that can be assigned to any result;
however, there are already some examples of the utility of this
type of data in a clinical setting (13).

USE OF EXTERNAL DATABASES WHEN
ANALYZING RESULTS

Use of DNA sequencing in a clinical context, whether for
diagnostics, typing, or antimicrobial/viral resistance analysis,
always requires comparison with another data source of refer-
ence sequences, usually a local or online database. The validity
of the performed comparative analysis is not only determined
by the quality of the submitted DNA sequence but also by the
quality of the sequences with which it is compared. Although
the former can be quality controlled (QC) by the local scien-
tists, the latter is dependent on the policy of those who curate
the databases.

Some databases, including those of the International Se-
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quence Database Collaboration (a partnership of three centers
comprising the largest annotated collection of all publicly
available DNA sequences), include little or no quality control
on the data that they contain. It is stated on the GenBank
website that “GenBank depends on its contributors to help
keep the database as comprehensive, current, and accurate as
possible.” This policy has led to a significant number of se-
quences being misannotated and/or of poor quality, containing
multiple ambiguous bases. This means that, although GenBank
represents an excellent resource for research, comparison of
laboratory results with data from GenBank in a clinical setting
may result in inaccurate and potentially harmful results.

There are some databases that have attempted to address
quality issues by applying quality control procedures which
may be manual and/or automated. For example, The Stanford
HIV drug resistance database, designed to represent, store,
and analyze the divergent forms of data underlying HIV drug
resistance (21), provides resources to correlate genotype to
response to treatment, genotype to drug resistance phenotype,
and genotype to clinical outcome. The database is curated by
manual processes to ensure unambiguous sequence data and
accurate annotation of the sequence in relation to clinical data.
Another curated database is the Influenza Research Database
(IRD) that superseded the Influenza Sequence Database held
at Los Alamos National Laboratory (16). During the curation
process, care is taken to remove redundant sequences and to
fill in missing field data. MLST is used widely for typing of
medically important bacterial strains (www.mlst.net and
pubmlst.org). The raw trace files of sequences for new alleles
from each organism are subject to manual curation. Because
this is performed by different individuals, perhaps with differ-
ent approaches and standards that they apply, it will be difficult
to ensure a consistent metric for sequence quality across da-
tabases.

Some microbial databases utilize an automated curation
pipeline before secondary manual checking. The RIDOM da-
tabase for 16S rRNA genes uses a combination of FASTA,
CLUSTAL W, and a Phred/Phrap pipeline to produce a com-
prehensive, high-quality database of 16S sequences for medi-
cally important organisms (12) and has been shown, for the
identification of Nocardia at least, to outperform other data-
bases for both specificity and sensitivity (18). An online tool
developed for the Legionella pneumophila sequence-based typ-
ing scheme (9, 10) also utilizes an automated curation filter
which allows submission of trace files and automated accep-
tance or rejection of these sequences based on Phred-based
quality score cutoffs. The application allows for a more stream-
lined quantitative curation of the data submitted and gives a
transparent, quantitative metric for the data within the publicly
accessible database (29).

PROPOSAL

To date, the situations where utilization of DNA sequencing
of microbes directly impact clinical management of patients
are small in number but individually significant. Molecular
typing by DNA sequencing is already important for surveil-
lance, and the result may influence how outbreaks are man-
aged. It is surprising therefore that DNA sequence data quality
standards are not better defined and that there are not well-

defined guidelines about best practices for downstream analy-
sis procedures in these situations. It is anticipated that next-
generation or, more likely, third-generation sequencing
technologies have the potential to provide routine whole-ge-
nome identification and typing (and perhaps antimicrobial re-
sistance typing) within the next few years. It is essential that,
for these emerging sequencing technologies, the scientific com-
munity ensures that producing consistent and comparable
quality scores is not neglected among the many other chal-
lenges that they pose.

In addition to a common metric or language for DNA se-
quence quality, we need also to consider reference databases
that contribute to the interpretation of these data, including
the quality of the data that they hold, the analytical rigor that
they provide, and the ease of interpretation of results. Defining
these for a particular purpose will be a sensible step toward
ensuring that the outcome of the laboratory investigation best
serves the patient.

Written procedures alone are probably not enough, and
there will be a significant role for external quality assurance
(EQA) in ensuring competence. EQUALseq is a European
Union-funded initiative whose aim is to develop methodolog-
ical EQA schemes for sequencing (1). One of its most striking
results was the diversity in sequencing performance between
laboratories. The results demonstrated that those performing
over 1,000 sequencing assays per year produced significantly
better results, emphasizing the importance of the technical
skill and experience in determining high-quality output. Not
only was the technical expertise in performing the sequencing
reaction itself crucial, but the need for expert postanalytical
proficiency was also highlighted. Another European program,
European Molecular Genetics Quality Network (EQMN), was
funded by the United Kingdom Department of Health to de-
velop an EQA scheme to evaluate DNA sequence analysis and
surveyed the quality of DNA sequencing from 64 laboratories
from 21 countries (20). In the majority of cases, the sequence
data generated exceeded the recommended Phred score of 20
(99% confidence). Often the mistakes in genotyping did not
correlate with the quality of the sequence but rather misassig-
nation of genotype due to human error. These studies suggest
that with the increasing importance of sequencing in clinical
laboratory diagnostics, evidence of competency for those pro-
viding this service should be obligatory. One means of provid-
ing this evidence is accreditation to a national (for example,
Clinical Pathology Accreditation in the United Kingdom) or
international (ISO 15189 or ISO 17025) standard, both of
which require participation in EQA. These studies also em-
phasize the need for automatic quality-assessed base calling of
DNA sequence and automated genotype/mutation assessment.
Crucial for the efficacy of these schemes is quality-controlled
test materials. The QC materials could either be microbial
cultures to test for the whole procedure, from DNA extraction
through PCR to sequencing, or pregenerated PCR products/
synthetic DNA, just testing the sequencing methodology. Al-
though EQA schemes will be essential, we also suggest that if
the sequence used to generate the test result itself was subject
to quality control on a per-test basis rather than per-laboratory
basis, then many incorrect results could be avoided.

There are many factors to consider when developing DNA
sequence quality standards that are flexible enough to cover

VOL. 49, 2011 COMMENTARY 25



the diverse range of tests used in clinical microbiology and also
be acceptable across the community. We recommend that a
working group be established, bringing together molecular and
clinical microbiologists, quality experts, and commercial sup-
pliers who could together propose a consensus set of standards
for DNA sequence quality and a process for the implementa-
tion in clinical testing. These should include recommendations
for the establishment of EQA schemes with appropriate QC
materials. Without these standards, the trustworthiness of se-
quence-based tests may be called into question.
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