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I Abstract
Both the known biological agents that cause infectious diseases, as well as modified (ABF-Advanced Biological Factors)
or new, emerging agents pose a significant diagnostic problem using previously applied methods, both classical, as well
as based on molecular biology methods. The latter, such as PCR and real-time PCR, have significant limitations, both
quantitative (low capacity), and qualitative (limited number of targets). The article discusses the results of studies on using
the microarray method for the identification of viruses (e.g. Orthopoxvirus group, noroviruses, influenza A and B viruses,
rhino- and enteroviruses responsible for the FRI (Febrile Respiratory Iliness), European bunyaviruses, and SARS-causing
viruses), and bacteria (Mycobacterium spp., Yersinia spp., Campylobacter spp., Streptococcus pneumoniae, Salmonella typhi,
Salmonella enterica, Staphylococcus aureus, Neisseria meningitidis, Clostridium difficile, Helicobacter pylori), including multiple
antibiotic-resistant strains. The method allows for the serotyping and genotyping of bacteria, and is useful in the diagnosis
of genetically modified agents. It allows the testing of thousands of genes in one experiment. In addition to diagnosis, it is
applicable for gene expression studies, analysis of the function of genes, microorganisms virulence, and allows the detection
of even single mutations. The possibility of its operational application in epidemiological surveillance, and in the detection

of disease outbreak agents is demonstrated.
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INTRODUCTION

Rapid detection and identification of microbial hazards and
potential biological warfare agents is usually difficult and
time-consuming, especially when traditional microbiological
methods are used. Modern molecular biology techniques,
based on reverse transcription and/or polymerase chain
reaction (RT-PCR / PCR) is a rapid and efficient alternative
to traditional methods, but they are usually designed and
optimized to detect only a limited number of targets and
are rarely used to differentiate various targets [1]. Therefore,
it became necessary to search for new diagnostic tools that
would be useful for the simultaneous detection of a wide
range of different biological agents. Microarrays are the most
attractive method in this respect.

The aim of the study was to review the literature concerning
the use of microarrays for the identification of bacteria and
viruses, as well as showing other advantages of the method,
such as the possibilities of its operational use in outbreak
detection and its monitoring.
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Microarrays represent technology designed to perform
complex, parallel tests based on ligand-binding, such as
oligonucleotides, which are placed on a solid support, such as
a slide, at high level of packing (density) in order to identify
a complex mixture of target sequences. For biological
applications the ligands on the array may be DNA, RNA,
proteins, polysaccharides, lipids, small organic compounds,
or even whole cells [2, 3]. Among the various possible types
of ligands, the most popular and the best known are DNA
microarrays [4, 5]. DNA microarray technology is contributing
to a fundamental change in the view of molecular biologists
of genes, and is one of the technologies leading to a post-
genomic era, which is structural and functional genome
analysis [6, 7].

In comparison to one of the first DNA microarrays used
for the study of 64 Arabidopsis gene expression [8], current
microarray technology has come a long way in terms of the
number of ligands available on the array, and the range of
potential applications. The most famous example of the use
of a DNA microarray is messenger RNA level profiling [7],
the detection of DNA-protein interactions (e.g. transcription
factor binding sites), the determining of the epigenetic status
of the genome (such as methylation patterns), changes in
DNA copy number, and sequence polymorphisms. The
possibility of the parallel testing of a large number of genes
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is aresult of the versatility and flexibility in the array design.
Currently, there are multiple microarray platforms, and
the array design process is easier and more economical. As
the microarrays are designed to illustrate a part of, or the
whole genome, they provide the opportunity to understand
evolution at a molecular level, and genome evolution. The
development of the use of microarrays for mapping and
quantitative analysis may also contribute significantly to
advancing eco-genetic studies [7].

Application of microarrays to detect viruses. The
Orthopoxvirus group (OPV) belongs to the Poxviridae family
which consists of over 70 members, representing a family of
viruses with large genomic DNA containing approximately
200,000 bp [9], which encodes about 200 proteins. Within
the OPV types, only four of them can infect humans, mainly
through the respiratory epithelium and the skin. The Variola
virus, the etiologic agent of smallpox, is representative of
the OPV type, and was a serious health problem in the
past [10]. Smallpox is a highly infectious disease with a
bioterrorism potential, with a mortality rate of up to over
40% in unvaccinated populations [11]. It is estimated that the
disease has caused the death of more people than all others
in the history of mankind [12]. Smallpox is the first and only
viral disease in history that has been completely eradicated
on a global scale. In 1979, the World Health Organization
(WHO) confirmed the eradication of smallpox at the end of
a successful global vaccination campaign [13]. At present, a
serious threat may be the possibility of the use of the variola
virus as an agent in a bioterrorist attack [10]. According to
Alibek [14], at the beginning of 1980 the Soviet Union began
a successful programme of smallpox virus production in
large quantities (tons per year) and adapted it for use as a
biological weapon in bombs and intercontinental ballistic
missiles. According to this source, Russia can also develop a
programme of research on finding methods to produce more
virulent and infectious recombinant microbe strains [14].
In order to develop an array for the identification of vaccinia
virus, 14 complete genomes of viruses available in the databases
belonging to the two main families: Chordopoxvirus and
Alphaherpesvirus have been used; each comprised subfamilies
that grouped pathogens. The pathogens in each group were
closely related, demonstrating a high degree of sequence
similarity. A multiplex pathogen identification test usually
relies on the detection of ‘diagnostic regions’ derived from
common genes or sequences. The diagnostic region consists
of a sequence of high homology at its ends, which enables
the use of common primers for PCR amplification of these
regions for all related pathogens in particular subgroups. The
centre fragment contains specific diagnostic databases, which
are used to identify each specific pathogen. In order to design
an array based on these diagnostic markers computational
tools (e.g. MUGDIR software) have been developed that allow
coloured visualization of common areas, thereby facilitating
the rapid and reliable screening of potential diagnostic
regions, allowing further selection of the most useful of
them. After group amplification, the PCR products of group-
specific pathogens were identified in the DNA microarray
platform in the APEX reaction (Arrayed Primer Extension)
[13]. The results of these studies led to the creation of the list
of diagnostic regions that may be used as the fingerprinting
sequences of each pathogen [15]. The read sequence was
then compared to the reference sequence for each pathogen

on the array. The comparison result corresponded to the
percentage of real signals from the probes for each pathogen.
The described designing process of this type of array was
preceded by bioinformatics analyzes of the pool of potential
diagnostic regions, wherein, in the designing of primers, the
following parameters were accounted for: Tm 55-60°C, GC
content of 25-75%, the degenerate level should be up to 4
(i.e. up to 2 different bases for each primer), and the length
of the amplified region should not exceed 1 kb. In addition,
the primers should have maximum versatility within the
group. The next step was to evaluate SNP (single nucleotide
polymorphism) specific for the pathogen in the acceptance
of only the regions containing at least 10 SNPs/ pathogen.
At the array integration stage a minimum combination of
regions based on the 2 markers for one factor was used,
wherein the whole was covered by approximately 50 probes.
For the designing and evaluation of probes, PROBES software
was used so that the various sequences of the diagnostic
region were compared, and all unique diagnostic bases were
automatically located. Afterwards, probes used to identify
these bases in the APEX reaction were designed. The result
of these analysis was to develop a list of APEX probes with
expected probes also for other species.

The developed protocol was used for 14 viral pathogens,
giving an array for 9 diagnostic regions to detect all of the 14
potential pathogens, wherein each of them was detected by
at least 2 markers coated with approximately 50 probes. In
addition to species-specific probes, a set of universal probes
for Orthopoxvirus group was also introduced on the array
in order to eliminate the risk of the emergence of unknown
/ new OPV species, and to confirm positive results for each
OPV member. A prototype array to detect OPV species,
named ChiPox [13], which allowed precise identification of
all 5 tested agents, was developed. The sensitivity of ChiPox
was approximately 100 pfu/ml. The versatility of ChiPox was
confirmed during the detection of 5 vaccinia virus strains.
The high specificity of the test, using samples of closely
related species of viruses was demonstrated, and no false
positive results (using human, monkey and mice DNA) were
observed.

ChiPox was also evaluated for its suitability for testing
clinical samples. For this purpose, rabbits were intra-nasally
infected with 10° pfu/animal of vaccinia virus, and after 3-5
days blood samples were tested on ChiPox. All the vaccinia
strains were detected, whereas, in the case of all other
OPV species, the results were negative. The test allows to
distinguish between rabbit pox strains and vaccinia strains.
The detection limit of the virus on the ChiPox platform
in blood samples was 50-100 pfu/ml, and was consistent
with results obtained by real-time PCR. Samples taken from
the animals’ throats for 3-5 days after infection, tested on
ChiPox, detected the presence of virus at a concentration of
about 150 pfu/ml. Other authors [16] also used microarrays
to detect pox virus, or its variant MVA (Modified vaccinia
virus Ankara) obtaining similar, good results.

The microarray technique has been used to study
noroviruses and astroviruses [17] that cause gastroenteritis
inhumans. The microarray method allowed the simultaneous
identification of different genogroups and types of these
viruses. In order to verify the sensitivity of the method,
monoplex-and multiplex-RT-PCR assays at the stage of
pre-amplification were used. To determine the sensitivity,
precision and accuracy of microarray, 202 stool specimens
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infected with 13 genotypes of noroviruses GI and GII
were used. All genotypes except one were detected. In the
panel of 74 stool samples, 45 were positive for noroviruses,
while conventional PCR detected only 35. Furthermore,
microarrays allowed for the detection of a number of double
infections with both the above virus types. In the panel of
archival samples, astroviruses genotype 4 were detected in
Finland from 1977 to 1997.

The usefulness of the microarrays for simultaneous
monitoring of several other viruses and their subtypes has
been demonstrated and have become a convenient tool for
the detection of RNA viruses, for which frequent changes of
the panel of primers in the PCR method are required due to
the detection of several targets simultaneously [17].

Townsend et al. [18] investigated the usefulness of
microarrays in the surveillance of influenza virus infections.
Enhanced surveillance requires rapid, reliable and inexpensive
analytical techniques providing a detailed analysis of the
currently occurring influenza virus strains. The FluChip-55
microarray, designed for relatively rapid identification of
influenza A virus subtype HIN1, H3N2 and H5N1 has been
described, in which a narrow set of sequences was chosen to
demonstrate the broad spectrum of influenza viruses A and B
currently circulating in the human population, including the
A/H5NI virus, which became an enzootic virus in poultry
in south - east Asia and also in Europe [18]. In the blank
test of 72 isolates of the influenza virus A and B, RNA was
isolated, amplified, hybridized, labelled with a fluorophore
and analyzed. The total analysis time was less than 12 hours.
The results of the 2 tests showed the presence of specific types
and subtypes in 72% of isolates. False-negative signals were
reported for 4% of the isolates, and false-positive results for
1%. In the great majority of cases in which the presence of
incomplete subtypes was observed, the failure was caused by
the nucleic acid amplification step, not because of any limits
on the same microarray. Similar studies were performed by
Kostina et al. [19]. Other authors [20] used a high-density
resequencing microarray (RPM) for the detection of avian
influenza virus, yielding satisfactory results.

Resequencing Pathogen Microarray (RPM) was
used by Wang et al. [21] for typing human rhinoviruses
and enteroviruses, causing febrile respiratory illness
(FRI), with a significant impact on public health and the
global economy. RPM technology gives the possibility of
simultaneous differential diagnosis of several pathogens,
which is associated with the designing of suitable probes.
These authors determined the minimum number of probe
sequences (26 for HRV virus, and 13 for HEV virus) that were
potentially useful for the detection of all serotypes of those
viruses placed on the microarray (RPM-Flu v. 30/31). The
specificity of the designed probes was validated using 34 HRV
strains and 28 HEV strains. All strains were successfully
detected and identified at least to species level. 33 HRV strains
and 16 HEV strains were differentiated to serotype. These
studies indicated the possibility of the simultaneous detection
and differential identification of genetically diverse RNA
viruses with a minimum number of prototype sequences,
and indicated that the newly-designed RPM-Flu v.30/31
microarray may provide a versatile and specific analysis of
HRV and HEV samples. It is presumed that this strategy may
also be used for the genetic diversification of other viruses
pathogenic for the respiratory tract [22]. Other authors [23]
developed microarray probes for the identification and

detection of viruses causing SARS (severe acute respiratory
syndrome) at the gene level. Hasib et al. [24] developed a
flow microarray based on multiplex amplification using
ligation-dependent probes involving reverse transcriptase
for the detection of European bunyaviruses.

Application of microarrays for detection and identification
of bacterial factors. Microarray experiments can be divided
into those in which the genomic DNA is used for hybridization,
and the study of gene expression using RNA-derived cDNA.
Due to the simpler analysis, the former developed rapidly,
as exemplified by the use of the array for Mycobacteria,
Campylobacter, and Yersinia species. One example is a
microarray based on the plasmid partially overlapping the
complete genome of Campylobacter jejuni, demonstrating
the enormous genetic diversity of clinical strains, with the
presence of at least 21% of alternative genes, which were
mostly related to the biosynthesis of surface structures such
as flagella, lipooligosaccharides, and capsule, as well as iron
assimilation, DNA restriction and sialylation [6]. The arrays,
even though they are attractive as a research tool, cannot be
used for a comprehensive study of the whole genome of all the
new strains since they contain components (printed DNA)
of selected sequenced reference strains [6]. The construction
of genus- and species-specific arrays representative for all
sequenced genes of different strains or species on one plate
may somewhat avoid these limitations [6]. Thus, the most
important challenge in terms of bacterial genomes is the
knowledge of additional genes by sequencing different
hybridization products of reference and tested strains, and
then printing them on a microarray plate.

Currently, the whole genome microarrays for
Campylobacter jejuni, Mycobacterium tuberculosis [25, 26],
Francisella tularensis [27], Leptospira interrogans [28], and
Yersinia pestis [29] have already been produced, as well as
arrays for 500 selected genes of Streptococcus pneumoniae, and
the plasmid genes of Salmonella enterica [30], and Yersinia
pestis [31]. Each of the arrays can be modified depending on
the specific user requirements.

The whole genome arrays for Streptococcus pneumoniae,
Staphylococcus aureus, and Neisseria meningitidis are
currently in the development, design or manufacture stages.
The production of microarrays for Bordetella pertussis,
Clostridium difficile, Chlamydia spp., Helicobacter pylori,
Listeria monocytogenes, and Mycobacterium spp. [32] is also
expected.

Access to genetic databases, and more complete bacterial
genome sequences, are synchronized with the development
of a number of technologies for the study of gene function.
With regard to the pathogenesis of bacterial diseases, one of
the main approaches aims at the definition of a set of genes
determining bacterial virulence and the identification of
various aspects of the regulation of these genes and their
expression on mRNA and protein levels. Bacterial virulence
may be determined as the appropriate, temporal and spatial
expression of the overlapping groups of genes necessary
for a specific phase of infection, in response to specific
environmental signals with which the host organism has
contact [6].

Different strains of the same species may vary considerably
(Fitzgerald et al. showed more than 20% of the variability
in the Staphylococcus aureus genome) [33], but the complete
sequence is available only for a few reference strains. By
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comparing templates with probes derived from the
sequenced reference strains, microarrays provide a unique
tool for the screening of the sequence of any number of
strains without the necessity of sequencing [34]. In 2001, a
high density oligonucleotide microarray was implemented
to detect small deletions in the genome of Mycobacterium
tuberculosis clinical strains, the deletion pattern and the
number correlated respectively with the clonality, and the
probability of forming cavities, thus providing significant
usefulness in epidemiological studies [35]. The versatility
of the microarrays was used in inter-species studies of large
plasmids in Salmonella enterica and Escherichia coli [36]. The
constructed array was based on the 500-800 bp of plasmids
fragments, which allowed the evaluation of diversity, as
well as some of the evolutionary aspects of these plasmids
and their transfer between species. Bae et al. [37] designed
probes specific for the unsequenced genes of Salmonella
strains. They isolated the specific sequences by suppressive
subtractive hybridization against sequenced reference
strains. These probes were then used to obtain subspecies-
specific microarrays. In recent studies, 7 previously described
complete sequences of Staphylococcus aureus have been
used to develop a complete multi-genomic array capable of
sensitive discrimination of related isolates [38]. The result
was an answer to the question of how isolates of the same
epidemic clone of methicillin-resistant Staphylococcus aureus
differ significantly in terms of the transfer of mobile genetic
elements, including virulence and antibiotic resistance genes.

Most studies on microarrays are focused on a limited set
of genes. A common use of DNA microarrays in clinical
microbiology is detecting the presence and association of
selected genes involved in the pathogenesis of infection
with resistance to antimicrobial agents, as well as other
genes or their groups directly related to the disease [34]. The
detection arrays are cheaper because of the lower number
of probes required, and may be very useful in studies of
specific aspects of microbial genetics. A common method of
assessing unknown gene patterns among known isolates is
typing; identification of species is based on the detection of
a set of known genes in unknown isolates. DNA microarrays
are more useful in a large number of probes. At first, the
oligonucleotide array for screening for the presence of
selected species-specific sequences of 6 Listeria genes was
developed, allowing a clear distinction of 6 different species
[34]. In other studies, 18 different microorganisms selected
from potential biological warfare agents were subjected to
identification and typing by the hybridizing of the fragments
of approximately 100 bases derived from genomic DNA or
retroviral RNA with 50,000 oligonucleotide probes [34].
With alarge number of probes it was possible to detect more
species-specific sequences. The studies on the sensitivity
of microarrays developed for a wide range of bacterial
biological warfare agents belonging to the A class (Bacillus
anthracis, Francisella tularensis, and Yersinia) showed the
ability to detect the amplified DNA from 50 bacteria/ml of
blood [34]. In other studies, specific amplified 23s sequences
derived from Pseudomonas aeruginosa and Acinetobacter
baumannii cultured from clinical samples were identified
[34]. Comparable or even better sensitivity compared to
microscopy and culture was shown, with 100% specificity.
Similarly, Lehner et al. [39] validated an oligonucleotide array
designed for the specific identification of enterococci species.
In the studies carried out in order to distinguish Chlamydiae

at species level, the most variable part of the conserved
ribosomal operon sequence was selected to detect single
mutations [34]. These authors performed the hybridization
of control isolates in a high-density photolitographic array,
selected the most suitable probes, and used them to construct
a cheaper lower-density spotted array. In recent studies, a
microarray with 19-mer probes binding variable regions
on the 5 ‘end of the 16S RNA genes of several of the most
common blood isolates was developed [34]. Marlowe et al.
[40] were also able to identify single and multiple isolates
from a large number of blood cultures with 100% sensitivity
and 96% specificity using specific rRNA probes.

Balmer et al. [41] used an oligonucleotide microarray for
the rapid serotyping of Escherichia coli DNA. As a targeting
sequence for the O-antigen they selected genes encoding
flippase (wzx), and polymerase (wzy), while the fliC gene
and related genes encoding flagellar monomer were selected
as representative for the H phenotype. Based on a detailed
bioinformatics analysis, and designing of oligonucleotides,
an array-tube assay was developed in which a rapid method
of DNA isolation was coupled with a multiple, specific,
linear labelling procedure, and hybridization analysis of
biotinylated amplicons. The microarray contained doubled
oligonucleotide DNA probes representing the 24 most
epidemiologically important from more than 180 known
O-antigens, as well as 47 of the 53 different H-antigens.
Evaluation of the microarray with a printed set of particular
strains representing all O- and H-serotypes indicated their
high sensitivity and specificity. All of the 24 conventionally
typed O-groups, and all of the 47 H-serotypes were correctly
identified in these studies. The non-typeable strains with
the previous serotyping assays yielded clear results in a new
array-tube assay, which provided a valuable alternative to
classical serotyping.

The oligonucleotide microarray was also used by Bavykin
etal. [42] for the analysis of 16S- and 23S- rRNA to distinguish
Bacillus anthracis and closely related microorganisms. This
was the first microarray for identifying Bacillus anthracis,
and distinguishing within seven subgroups (Anthracis,
Cereus A and B, Thuringiensis A and B, and Mycoides A
and B) in pure cell cultures, and environmental samples using
rRNA sequence. The microarray contained complete ‘match
/ mismatch’ probe pairs sufficiently specific to distinguish
single nucleotide polymorphism (SNPs), and for the detection
of target organisms within 5 min. The usefulness of the
microarray to determine subgroup membership to the
Bacillus cereus group isolates without rRNA sequencing
was also demonstrated. The correlation of these 7 subgroups
with grouping based on MLST (multilocus sequence typing),
AFLP (fluorescent amplified fragment length polymorphism
analysis) and MME (multilocus enzyme electrophoresis) of
a wide variety of different genes was observed. The specific
differences for particular subgroups in toxin profiles,
psychrotolerance, and the presence of certain plasmids were
also shown, which suggests that the existence of 7 subgroups
is not only based on neutral genomic polymorphism, but
reflects the differences both in the genotype as well as in the
phenotype of organisms of the Bacillus cereus group. Similar
studies were also conducted to analyze the transposon
insertion sites in Bacillus anthracis in order to identify the
genes responsible for sporulation and germination.

In the studies of Frangoulidis et al. [43] the usefulness of
a new, rapid, ‘low cost and density’ (LCD) DNA microarray
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for the detection of Coxiella burnetii was tested. In addition
to the commonly used genomic target IS1111, the recently
described marker adaA (acute disease antigen A) was used
here. It was found that microarray technology allows for
rapid (45 minutes with only 15 minutes of manual work),
sensitive, specific, and cost-effective detection. Both the pure
isolates, as well as animal and human clinical samples, can
be successfully analyzed by this method.

Panicker et al. [44] described in their study gene-specific
DNA microarrays which, in combination with the multiplex
PCR method, was used for the universal detection of
pathogenic Vibrio naturally found in warm coastal waters
and shellfish. In these microarrays, the oligonucleotide probes
for vvh and viuB genes of Vibrio vulnificus; ompU, toxR, tcpl
and hIyA genes of V. cholerae, and tlh, tdh, trh genes, and
open reading frames of V. parahaemolyticus were deposited
on epoxysilane, 12-well teflon slides (using a MicroGrid II).
The detection sensitivity for pure non-enriched cultures was
10% - 10° CFU/ml, with 100% specificity. 5 hours enrichment
of the sample allowed the detection of 1 CFU in 1 g of oyster
tissue homogenate. The use of DNA microarrays to study
oysters showed the presence in them of Vibrio vulnificus,
and Vibrio parahaemolyticus.

Straub et al. [45] applied oligonucleotide microarrays in the
specific detection of Cryptosporidium spp. and to differentiate
between closely related isolates of Cryptosporidium parvum
and Cryptosporidium species, and to differentiate between
the primary genotypes infectious for humans. In order
to investigate the specificity of the method, 2 isolates of
Cryptosporidium parvum genotype I (TU502 and UG502),
2 isolates of Cryptosporidium parvum genotype I (Iowa and
GCH1), and DNAs originating from 22 organisms other than
Cryptosporidium, were used. Only DNAs of Cryptosporidium
parvum isolates gave labelled amplicons, which might be
hybridized and detected on the array. The hybridization
patterns were significantly different between genotypes, but
the identification of SNPs required statistical analysis of
data concerning the signal intensity. The results indicate
that an appropriate mismatch distinction can be detected
for all 7 SNPs of the UG502 isolate, 5 of the 7 SNPs for the
TU502 isolate, and 6 of the 7 SNPs for both the Iowa, and
GCHL1 isolates. The microarray method clearly differentiated
isolates of I and II genotypes, and showed the potential to
differentiate between other isolates and species on a single
microarray. The method can be a powerful new tool in the
assessment of point and non-point sources of pollution in
natural water resources.

Davignon et al. [46] in their study evaluated the utility
of oligonucleotide resequencing microarrays to identify
Group A streptococci (GAS), and their antibiotic resistance
markers. They developed an assay platform which relied on
the use of DNA resequencing microarrays with a random
nucleic acid amplification or multiplex PCR. This method
showed excellent compatibility of detection of Streptococcus
pyogenes in clinical samples with the conventional culture
method.

Lian et al. [47] developed a sensitive microarray system
based on antibodies (Ab) for the specific detection of
bioterrorism agents, for example ricin, cholera toxin (CT),
and staphylococcal enterotoxin B (SEB). The detection system
has been successfully used to detect toxins in milk, apple
juice, and blood samples. These authors were able to detect
ricin in a concentration of 100 pg/ml in buffer, and 1 ng/

ml in the infected apple juice or milk, while the CT and
SEB were detected in a concentration of 10 pg/ml in buffer,
and 100 pg/ml in the infected apple juice or milk. The high
specificity of the detection of toxin mixtures in the samples
with a similar sensitivity has also been shown. The matrix
effects of blood samples on the detection of toxin mixtures
seem to be smallest at a concentration of toxins greater or
equal to 100 ng/ml.

DNA microarrays can be used in screening for the presence
of a larger number of antimicrobial factor resistance genes,
compared to other molecular methods [34]. In a basic
approach, they are used to obtain more interesting, and
sometimes unexpected, information on the response of
bacteria to drugs. In one of these studies, Pseudomonas
aeruginosa showed a uniform activation of pyocins
chromosomal region (approximately 35 open reading frames)
in the treatment of ciprofloxacin [34]. In recent studies, a
gene expression profile database of Bacillus subtilis exposed
to 14 different antibiotics, as well as antibiotic-susceptible
mutants, was obtained [34]. From an epidemiological
point of view, DNA microarrays offer the possibility of
comprehensive and final screening of a large number of
isolates from the collection in order to obtain data on the
prevalence and spread of resistance determinants in time
and geographical areas. Rasooly et al. [34] used a technique
based on the multiplex PCR method for the identification
of 6 erythromycin resistance genes in Staphylococcus
aureus. The oligonucleotide microarrays of a wide range
of species for the complex detection of 65 genes conferring
resistance to macrolide antibiotics has also been developed
[34]. Another group of researchers was able to identify 90
amplified antibiotic resistance genes commonly found in
gram-positive bacteria using the 30-mer oligonucleotide
microarray with 2 different probes for each gene. In this case,
the authors were also able to neglect the PCR amplification
of the template. In several cases of non-compliance between
phenotypic resistance and the microarray results, the authors
indicated the possibility of mutations or deletions which
might be detected only by special microarrays containing
more probes of shorter length, binding the whole gene.
In other studies highlighting the relationship between a
large number of specific probes and methods of labeling
without amplification, 61 antibiotic resistance genes in 51
different species were detected. More focused oligonucleotide
microarrays for the detection of resistance caused by
single nucleotide mutations have also been developed. An
important application is the detection of extended spectrum
beta-lactamases (ESBL) or inhibitor resistance phenotype
[34]. Another group of researchers selected the rpoB gene
sequence of Mycobacterium tuberculosis for detecting single
nucleotide mutations causing resistance to rifampicin in
the amplified part of this gene [34]. Yu et al. [34] were able
to properly detect mutations in the amplified DNA gyrase
gene in Escherichia coli, determining quinolone antibiotic
resistance. Although they selected only 2 of the mutation
sites, more than 50 19-mer probes have been designed to focus
on all possible hidden, and resistance-causing mutations.

Anderson et al. [48] applied DNA microarrays to study
the genetic mechanisms of the immune response to the
infection of murine macrophages by Francisella tularensis.
These microarrays represent approximately 18,500 genes
(20,600 clones). The adaptive response at the time was weak,
wherein at most 81 clones were differently regulated after
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infection and 240 min. later. For all 5 time points, 229 clones
met the criteria of different regulation, i.e. the ratio between
infected and uninfected cells was at least 1:7. It has been found
that many of the differently regulated genes are able to react
to stress, particularly oxidative stress. The activation of genes
responsible for depletion in glutathione, which is probably a
result of the activity of mechanisms induced by Francisella
tularensis, has been also observed. Overall, a clear loss of
the capacity of the organism for the immune inflammatory
response was found. Yang et al. [49] used microarrays to
identify potential vaccines against Leptospira interrogans. For
this purpose, a DNA microarray for Leptospira interrogans
strain #56601 for CGH (comparative genomic hybridization)
analysis, and in vitro analysis of the transcriptome was
constructed. 3,007 different genes in pathogenic serovars,
in which 1,427 genes had high transcription levels, were
identified using CGH. The presence of 565 transitional genes
between genes encoding the surface proteins and 307 other
genes was found.

The use of microarrays for the detection and identification
of fungal pathogens [50], as well as in studies of psychrophilic
soil bacteria’s response to hydrocarbon pollution and
bioremediation treatments, is also important [51].

Applications of microarrays in epidemic outbreaks.
In addition to the above-mentioned applications, DNA
microarrays have been successfully tested in Epidemic
Outbreak Surveillance (EOS). Microarray technology was
used to carry out operational (field) tests of up to 300 samples
per day. The designed DNA microarrays were able to detect
20 natural (including avian flu), and bioterrorist agents, and
their differentiation into specific strains. The exercises showed
the full suitability of the system for EOS, and the protection of
mass events against biological threats. Further development
of microarray technology will allow their use even at the
PC (point of care) level. In epidemiological recognition
showing the presence of unknown biological agents, or those
undergoing profound genetic modification in samples by
using the microarray technique, will be extremely valuable
[52]. This ability has particular importance in countering the
dramatic risks posed by biotechnology in terms of creating
Advanced Biological Weapons (ABW).

CONCLUSIONS

Based on the presented review of the studies on the
possibilities of using the microarray method in the diagnosis
of biological agents, it can be found that it has huge diagnostic
potential which can be used not only for the identification
of known microorganisms, but also for modified new and
newly-emerging microorganisms. The microarray method is
specific, sensitive and cost-effective. Due to the ability to test
thousands of genes in a single experiment, the microarray
method is superior to other diagnostic methods, and even
allows the obtaining of information on the single mutations
level.
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