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Abstract

The diagnosis of bacterial infections relies on isolation of the bacterium, which is rarely achieved when needed for patient management.
Furthermore, culture is poorly suited to the diagnosis of polymicrobial infections. Finally, a syndromic approach should target both bacteria and
viruses causing the same syndrome. The detection of specific DNA sequences in clinical specimen, using DNA microarrays, is an alternative.
Microarrays were first used as a diagnostic tool in 1993, to identify a hantavirus associated with an outbreak of acute respiratory diseases.
The main advantage of microarrays is multiplexing, enabling exploration of the microbiota and pathogen detection in bacteremia, respiratory
infections, and digestive infections: circumstance in which DNA arrays may lack sensitivity and provide false negatives. Enrichment of sampling
can increase sensitivity. Furthermore, chips allow typing Streptococcus pneumoniae and detecting resistance in Staphylococcus aureus (MRSA)
and Mycobacterium tuberculosis (rifampicin, isoniazid, fluoroquinolones). However, the cost and high technical requirements remain a problem
for routine use of this bacterial infection diagnostic technology.
© 2012 Elsevier Masson SAS. All rights reserved.
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Résumé

Le diagnostic des infections bactériennes repose sur I’isolement du pathogene, qui est rarement réalisé dans le temps du soin. La culture est
mal adaptée au diagnostic des infections polymicrobiennes. Enfin, une approche syndromique doit cibler en parallele les bactéries et les virus
responsables d’un méme syndrome. Une alternative est la détection de séquences ADN spécifiques dans 1’échantillon clinique par les puces a ADN,
dont la premiere application en 1993 était I’identification d’un hantavirus associé a une épidémie de maladies respiratoires. L’ avantage essentiel des
puces a ADN est le multiplexage, permettant I’exploration des microbiotes et la détection des pathogenes au cours des bactériémies, des infections
respiratoires et des infections digestives, situation dans laquelle les puces a8 ADN peuvent manquer de sensibilité et donner des faux-négatifs.
Une étape d’enrichissement du prélévement peut palier cette limite. Egalement, les puces permettent le typage de Streptococcus pneumoniae et la
détection de la résistance chez Staphylococcus aureus (méthicilline) et Mycobacterium tuberculosis (rifampicine, izoniaside, fluoroquinolones).
Le coit et la technicité demeurent deux freins au déploiement en routine de cette technologie pour le diagnostic des infections bactériennes.
© 2012 Elsevier Masson SAS. Tous droits réservés.

Mots clés : Diagnostic ; Infections ; Puces 8 ADN

1. Introduction antibiograms. This direct diagnostic approach is limited by:
the delay before obtaining culture results, sometimes after

The diagnosis of bacterial infections in the laboratory caregiving; the presence of non-cultivable bacteria in the sample
relies on isolation of the bacterium, its identification, and because of the presence of inhibitors such as antibiotics or
because of inappropriate culture conditions; and the capacity to

isolate and differentiate the various colonies of a polymicrobial

* Corresponding author. sample. For example, around 75% of bacterial species in the
E-mail address: Michel.Drancourt@univmed.fr (M. Drancourt). digestive microbiotium, cannot be identified routinely with
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Fig. 1. Histogram of “DNA microarray” topics published in the PubMed
database from 1995 to 2012 (May 2012).

Histogramme des publications concernant le sujet « DNA microarray » parues
dans la banque de données Pubmed de 1995 a 2012 (mai 2012).

culture techniques [1]. An alternative to this direct diagnostic
is the detection de universal gene sequences 16S rRNA or
rpoB [2,3] by PCR followed by hybridization of a fluorescent
oligonucleotide probe, with real time PCR [4]. As an alternative,
the product of PCR amplification may be hybridized on a solid
base fixing a great number of oligonucleotide probes, using the
DNA microarray technique which is reviewed in this article.
Searching for “DNA microarray” in the NCBI search engine
(http://www.ncbi.nlm.nih.gov/pubmed/) gives 60,630 refer-
ences (May 2012), showing the importance of the molecular
biology tool described for the first time in 1995 [5] (Fig. 1).
The “DNA microarray and infectious diseases” combination,
gives 721 references (May 2012); the first reported use of this
tool, for the diagnosis of a hantavirus infection, was published
in 1993 [6].

2. Principle of DNA microarrays

The DNA microarray technique was adapted from the South-
ern blot by replacing the nylon base by a glass or silicon slide
allowing covalent fixation of several thousand oligonucleotide
probes. The probes correspond to: universal genes 16S rRNA
[2] or rpoB [3]; or to genus, species, or serotype specific genes;
to genes coding for resistance to antibiotics; or to toxinic genes.
The DNA microarray technique includes several steps, such as
manual or automatic extraction of nucleic acids from the clinical
sample, their amplification by PCR, the labeling of amplifica-
tion products by a fluorescent cyanine (Cy3- or Cy5-dCTP): a
monochrome labeling is less expensive but a two-colored one
has a better reproducibility [7,8]; then hybridization of labeled
nucleic acids for 24 to 50 hours on the DNA microarray which
is later scanned to measure the specific probe/DNA interactions
of the sample. These interactions are measured by fluorescence
as numerical data (Fig. 2). The total time for the procedure is
inferior to 4 hours, not including time for hybridization.

There are few DNA microarrays available on the market
for the diagnosis of bacterial infections. Two firms, Agi-
lent (http://www.agilent.com) and Affymetrix (http://www.
affymetrix.com/estore/), currently market custom made or
prefabricated chips available in France. The Phylochip™

(Affymetrix; Santa Clara, California) chip carries 1.1 million
probes for 25 nucleotides allowing the detection of the 16S rRNA
gene for 60,000 bacterial species [9]. The CapitalBio Corpora-
tion firm (Beijing, China; http://www.capitalbio.com) markets
a DNA chip for the identification and determination of resis-
tance profile of 17 mycobacterial species, the most frequently
isolated in laboratories. Finally, Prove-it™ Sepsis StripArray
(Mobidiag, Helsinki, Finland) is an automated system coupling
a PCR stage and a DNA microarray analysis for the detection of
bacteria responsible for bacteremia.

3. Study of the microbiota

The human body carries interacting microorganisms called
microbiota, containing ten times more cells than the human body
and 100 times more genes than the human genome [10]. The
DNA Phylochip™ (Affymetrix) allows investigating the human
microbiota [9] (Fig. 3). Among these, the intestinal microbiota
counting 10! to 10'* bacteria [11] has a major role in the indi-
vidual’s homeostasis and in some diseases [12]. Three teams
studied the intestinal microbiota with DNA microarrays carry-
ing the probes of 25 to 40 bases targeting the 16S rRNA gene
and detecting from 500 to 1140 bacterial species [11,13,14].
These authors reported that the intestinal microbiota includes a
part found in all individuals belonging to phyla Actinobacteria,
Firmicutes, and Bacteroidetes, and a part specific to each indi-
vidual [13]. DNA microarrays also allowed observing a decrease
of some Firmicutes and an increase of Enterococcus, Clostrid-
ium difficile, Escherichia coli, Shigella flexneri, and Listeria spp.
species in patients presenting with Crohn’s disease compared to
healthy individuals [14].

The oral microbiota was also investigated with DNA microar-
rays detecting the gene 16S rRNA with probes carrying 18 to
20 nucleotides [15,16]. The Human Oral Microbe Identifica-
tion Microarray (HOMIM) allowed investigating explorer the
oral microbiota in five patients presenting with oral cancer,
five patients presenting with pre-cancerous oral lesions, and ten
healthy controls [15]. The authors of the second study analyzed
the oral microbiota in 74 children 3 to 18 years of age, in four dif-
ferent groups according to the development stage of their teeth:
(1) milk teeth, (2) early mixed dentition, (3) late mixed denti-
tion, and (4) final dentition. The results of the two studies prove
that Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacte-
ria are the most prevalent phyla in the oral microbiota depending
on the individual’s dentition: there are more proteobacteria than
bacteroidetes in the final dentition group, contrary to the 3 other
groups. The prevalence of Prevotella increases with age [16].
Finally, Porphyromonas catoniae and Neisseiria flavescens are
significantly correlated to the presence of carries [16].

4. Diagnosis of bacterial infections
4.1. Respiratory infections
Three DNA microarrays were designed for the diagno-

sis of respiratory infections. A chip targeting the variable
regions of the gyrB and parE of the bacterial genes detects
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Fig. 2. Protocol for the DNA microarray analysis of clinical samples.
Protocole d’analyse des échantillons cliniques par puce a ADN.

Corynebacterium diphteriae, Fusobacterium necrophorum,
Haemophilus influenza, Legionella pneumophila, Moraxella
catarrhalis, Mycoplasma pneumoniae, Staphylococcus aureus,
Streptococcus pneumoniae and Streptococcus pyogenes. Com-
paring with culture of 65 middle ear samples and 29 throat
samples proved a better sensibility of the chip [17].

An other chip detecting Adenovirus, Bocavirus, Coronavirus
type 229E, OC43, NL63, HKU1, Human Metapneumovirus
types A and B, Influenza A-C, Para-influenza 1-4, Respira-
tory Syncytial Virus types A and B, Rhinovirus, Chlamydia

pneumoniae and M. pneumoniae was used on 50 throat samples
from adults during the winter 2007-2008 in Ireland [18]. The
results proved that the chip gave a reliable diagnosis within one
day. A third chip detecting 17 species of mycobacteria including
Mycobacterium tuberculosis allowed directly analyzing 195
sputum samples from patients suspected to present with
pulmonary tuberculosis, along with Ziehl staining and culture
on agar [19]. Hundred and sixteen samples were found positive
by the chip and 79 negative. The 116 positive samples were also
positive in culture, but the chip identified a culture-negative
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Fig. 3. DNA microarrays used to investigate various human microbiota, or for diagnostic purposes.
Les puces a ADN utilisées pour ’exploration des différents microbiotes humains, ou a visée diagnostique.

sample later. The chip detected Mycobacterium intracellulare
in three patients confirmed by sequencing of the strains [19].

These various studies confirm the sensibility and specificity
of the DNA microarray compatible with immediate use on respi-
ratory tract samples.

4.2. Digestive infections

Two DNA microarrays target the variable regions of
the bacterial ribosome sub-units 16S and 23S to iden-
tify 15 bacterial species frequently associated with food
infections, such as E.coli O157:H7, Salmonella enterica,
Shigella dysenteriae, and Vibrio cholerae [20,21]. A second

kind of DNA microarray targets the virulence genes of
enteropathogenic bacteria, for a combined detection of E. coli,
V. cholerae, Vibrio parahaemolyticus, S. enterica, Campylobac-
ter jejuni, S. dysenteriae, S.flexneri, Shigella sonnei, Yersinia
enterocolitica, and L. monocytogenes [22]; or of enterotox-
inogenic E. coli [ETEC], enterohemorrhagic E. coli [EHEC],
S. enterica serovar Enteritidis, S. enterica serovar Typhimurium,
S. flexneri, S.sonnei, V.cholerae, V.parahaemolyticus, Vib-
rio vulnificus, and Y. enterocolitica [23]; or of the 19 most
frequent serogroups of enterotoxic E.coli [24]. A common
limitation of all these chips is sensibility of detection. Indeed,
some enteropathogens such as Salmonella spp. or Campy-
lobacter spp. are presents in low inoculum less or equal to
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103 organisms/mL of diarrhea stools [25,26]. These inoculums
are at the DNA microarray’s threshold of detection [20,21],
because of interference with some commensal species. A PCR
amplification stage of pathogens before hybridization partly
decreases this limitation [21].

One DNA microarray detects enteropathogenic bacteria
E. coli O157:H7, S. enterica, L. monocytogenes, and C. jejuni in
fresh food samples [27]. Twelve identical hybridization zones
allow analyzing 12 different samples on a single slide so as to
reduce test cost.

4.3. Bacteremia

Three DNA microarrays were described for the diagno-
sis of bacteremia. A chip targeting the bacterial gyrB and
parE detects Acinetobacter baumanii, Enterococcus faecalis,
Enterococcus faecium, H.influenza, Klebsiella pneumoniae,
L. monocytogenes, N.meningitidis, S.aureus, S.epidermidis,
Streptococcus agalactiae, S. pneumoniae and S. pyogenes, and
the mecA gene associated with methicillin resistance in S. aureus
[28].

It was tested on 146 positive hemoculture and 40 negative
hemocultures, with a sensibility of 96% and a specificity of 98%
[28].

Another DNA microarray targeting the internal transcribed
spacer (ITS) region located between the ribosomal sub-units 16S
and 23S, carries a universal positive probe control, two probes for
the detection of Gram-positive bacteria, 1 probe for the detection
of Gram-negative bacteria, nine genus specific probes (Entero-
coccus, Listeria, Staphylococcus, Streptococcus, Bacteroides,
Enterobacter/Klebsiella, Haemophilus, Pseudomonas and Ser-
ratia) and 30 species specific probes [29]. Its sensibility was
85.8% on 825 blood samples within 1 hour [29]. The Prove-
it™ Sepsis StripArray includes PCR targeting the genes gyrB
and parE to identify 50 Gram-positive and Gram-negative bacte-
ria responsible for bacteremia, and the mecA gene associated
with methicillin resistance in less than 3.5 hours [28,30]. It was
tested on 3318 blood samples 63.5% of which were positive in
culture, a proved a sensibility of 94.7% and a specificity of 98.8%
[30]. The results of these studies prove that DNA microarrays
are perfectly adapted for the diagnosis of bacteremia and the
detection of methicillin resistance in S. aureus with a sensibil-
ity and a specificity of 100%, with faster results than standard
methods relying on culture; indeed these two studies include a
hybridization stage which lasts less than 1 hour.

4.4. Serotyping

A DNA microarray targeting the genes of glycosyltrans-
ferase (GT) [31] allows typing S. pneumoniae strains correlated
with serotyping of this bacterium which includes 90 different
serotypes [32]. Indeed, 25.6% of these serotypes are responsible
for more than 90% of S. pneumoniae infections [33]. This chip,
the first to use GT genes as molecular target, allows determining
the serogroup of the S. pneumoniae strain in a single step.

4.5. Detection of resistance to antibiotics

4.5.1. Non-specific chip

Peterson et al. developed a DNA microarray allowing identi-
fication of 43 pathogenic bacteria (human and animal) targeting
genes of resistance to antibiotics and genes of virulence [34].
The chip carries specific 227 probes for 90 bacterial genes of
resistance, 99 probes targeting the genes of resistance to 20
metals, 113 specific probes for genes of virulence, 31 probes
targeting transferable elements and seven probes corresponding
to positive controls. The specificity of the chip was assessed on
cultures of S. enterica Typhimurium, Fusobacterium necrosum,
E. faecalis, and E. coli O157:H7. Little non-specific hybridiza-
tions was observed during the test. The tests made with this chip
allowed confirming the results of previous studies with chips
detecting only the msrC gene in strains of methicillin resistant
E. faecium [35] and only the pbp5 gene in strains of penicillin
resistant E. faecium [36]. All the results obtained with the chip
were confirmed by PCR.

4.5.2. Staphylococcus aureus

A DNA microarray was developed, detecting five specific
S. aureus genes by targeting the gene 23S rRNA, 23 genes
of resistance to antibiotics (macrolides, lincosamides, strep-
togramins, tetracyclin, cotrimoxazole, and aminoglycosides)
and ten genes coding for toxins. The chip was tested by ana-
lyzing 100 methicillin resistant S. aureus strains [37]. A second
chipidentifying S. aureus versus S. non-aureus (gene 16S rRNA)
and detecting the genes mecA and blaZ for methicillin and
penicillin resistance, aac(6)-Ie-aph(2") for resistance to amino-
glycosides, ermA and ermC for resistance to streptogramins, and
msrA for resistance to macrolides, has a sensibility of 94.8 to
99% and a specificity of 69.3 to 99.2% according to molecu-
lar targets [38]. Nevertheless, some atypical results have been
observed: some isolates have given signals of hybridization for
the gene blaZ even though no -lactamase activity was detected
for these strains. One isolate, negative for the detection of the
gene blaZ, had a (3-lactamase activity. The authors explained
this by a proved sequence variation at the gene blaZ level
[37]. In this study, a decreased hybridization time from 90 to
30 minutes decreased the intensity of fluorescence by 10 to 30%
[38].

4.5.3. Tuberculosis

M. tuberculosis resistance to rifampicin is related to the muta-
tions in a region of 81 base pairs of the gene rpoB which codes
for the RNA polymerase sub-unit (3 [39-43]. Isoniazid resis-
tance is partly associated to a mutation of the gene katG which
codes for a catalase-peroxidase and partly to a mutation of the
regulator gene inhA [41,42]. A DNA microarray detecting these
various mutations showed a sensibility of 93% and a specificity
of 98.4% for the detection of rifampicin resistance; and a sen-
sibility of 71.4% and a specificity of 97.6% for the detection of
isoniazid resistance [43]. The authors recommend using chips
to screen for multi-drug resistant (MDR) bacteria if tuberculosis
is suspected.
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5. Conclusions

DNA microarrays for the diagnosis of infectious diseases
were first described in 1993 [6] and have been the topic of a
great number of publications (Fig. 1). Indeed, DNA microarrays
allow a microbiological diagnosis within 48 hours (including
hybridization time) compatible with the delay for medical man-
agement of patients. DNA microarrays also allow multiplexed
detection adapted to a syndromic approach of infectious dis-
eases diagnosis and to the diagnosis of polymicrobial infections
extended to viruses. All authors agree that DNA microarrays
have a sensibility and specificity at least equal to reference tests.

Nevertheless, designing the chip is a crucial step to obtain
reliable results. The various chosen probes should have a very
similar length and fusion temperature to optimize hybridiza-
tion conditions, the current limiting stage. Several teams have
solved the problem of cross-reaction by fixing, on the slide, spe-
cific probes for the same pathogen, in a redundant manner, and
the current standard is a triplicate test. The sample preparation
and the labeling of nucleic acids should be even more simpli-
fied for a routine use in bacteriological laboratories, to decrease
time and cost of the test, and to integrate DNA microarrays
among available techniques for the diagnostic point-of-care of
infectious diseases [44]. Indeed, the currently available tech-
niques, real time PCR and immunochromatographic methods
are rapid diagnostic methods for a single pathogen per test. DNA
microarrays have the advantage to allow multiplexed diagnosing
perfectly adapted to a syndromic approach of infectious diseases
diagnosis.
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