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ABSTRACT
Biomarkers are used ubiquitously as 
indicators of biological health. The de-
velopment of genomic and proteomic 
multiplex technologies have enormous-
ly amplifi ed biomarker discovery and 
application to diagnostic and therapeu-
tic decisions in clinical practice. New 
technologies are now available that si-
multaneously identify a wide spectrum 
of biomarkers and save time and costs. 
Multiplexed assays can be coupled to 
other disease specifi c indicators (i.e., 
cytokines, single nucleotide polymor-
phisms) in order to get more powerful 
information. However, there is an ur-
gent need for validation/standardiza-
tion of the new assays before they are 
adopted into clinical diagnostics.
It is worthy to note a new assay, T cell 
interferon gamma release (TIGRAs), 
which has recently been introduced in 
the diagnosis of latent tuberculosis in-
fection. It seems to perform better than 
tuberculin skin test in patients with in-
fl ammatory rheumatic diseases.
In this review, we focus on advantages 
and limits of novel approaches to the 
detection of autoantibody profi les in 
autoimmune diseases or pathogen sig-
natures in microbiology.

Introduction
Recent advances in genomics and pro-
teomics applied to multiplexed tech-
nologies have opened up a new era in 
clinical laboratories, allowing the quick 
and effi cient detection of a number of 
biomarker candidates worthy of being 
further characterized.
Autoantibody testing is an essential di-
agnostic step in autoimmunity. In sever-
al systemic and organ-specifi c autoim-
mune diseases the detection of serum 
autoantibodies represents one of the 
classifi cation/diagnostic criteria but it is 
also useful in monitoring disease activ-
ity and organ damage in several condi-

tions. Although there is still no evidence 
that all the autoantibodies are pathogen-
ic, in recent years several studies have 
demonstrated that some autoantibodies 
can be detected in asymptomatic sub-
jects even years before the development 
of full blown disease clinical manifes-
tations (1). This fi nding raises the pos-
sibility of the predictive value of serum 
autoantibodies, further adding value to 
their detection. In addition, some au-
toantibodies may also be associated 
with an aggressive variant of the disease 
itself, thus offering a prognostic predic-
tive value (2). The identifi cation of pa-
tients suffering from an aggressive form 
of the disease and/or an early diagnosis 
is becoming more and more important 
since prompt and intense treatment has 
been reported to stop disease evolution 
or even to induce remission (3, 4). The 
diagnostic/prognostic importance of 
autoantibody testing stresses the need 
to have reliable and standardized tech-
niques. In fact, inadequate use of labo-
ratory tests is one of the most frequent 
problems in autoimmunity, leading to 
incorrect diagnoses, treatment and un-
necessary costs.
Multiplexed microarray technology can 
also be used to quickly identify and 
genotype pathogens and drug resistance 
in microbiology, as well as to study the 
relationship between microorganism or 
host responses to other external stimuli 
such as drug, vaccine treatments or 
chronic diseases like rheumatic ones.
Another relevant aspect in rheumatol-
ogy is the screening for latent tuberculo-
sis infections before commencing anti-
TNF-α therapy for chronic infl amma-
tory diseases. T cell interferon gamma 
release assays (TIGRAs) offer a realistic 
alternative to the poor performance of 
tuberculin skin test for diagnosis of la-
tent tuberculosis infection in this popu-
lation but published data on TIGRA per-
formance in this setting are scarce.
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Recent advances in autoimmune 
diagnostics
Historically, the detection and analy-
sis of autoantibodies has relied on a 
number of different technologies such 
as immunodiffusion, indirect immun-
ofl uorescence, particle aggregation, 
complement fi xation, hemagglutination, 
counterimmunoelectrophoresis, radio-
immunoassay, enzyme immunoassays 
(5). During the 1990s, the application 
of immunometric methods to increas-
ingly advanced instruments in terms of 
analytical reliability and automation led 
to widespread use of antibody testing, 
with an increase in the volumes of tests 
performed in each clinical laboratory, 
and improvements in turn-around time 
(6).
Over the last few years, the advent of 
the “proteomic revolution” has opened 
up new horizons in the diagnosis of au-
toimmune diseases (5, 7-9). The goals of 
proteomic analyses include the elucida-
tion of the molecular mechanisms that 
regulate cellular processes, the charac-
terization of complex protein interact-
ing networks and their perturbations, 
the discovery of biomarkers useful in 
the diagnosis and monitoring of disease, 
and for the identifi cation of therapeutic 
targets (10-12). Therefore, the investiga-
tion of autoimmunity provides an inter-
esting challenge in proteomic research, 
as autoimmune diseases are common 
disorders of unresolved aetiology that 
occur in a wide variety of manifesta-
tions (13). The possibility of simultane-
ously measuring a number of correlated 
analytes appears to be very interesting 
for analytical reasons (reduced volumes 
of biological samples, reagents and low 
costs), logistical/managerial reasons, 
and pathophysiological reasons (combi-
nation of markers in disease-oriented or 
organ-oriented profi ling) (14). The fi nal 
aim, for research and clinical purposes 
is therefore, to study the entire autoim-
mune process rather than its individual 
components. However, several prob-
lems are related to the possibility of 
simultaneously measuring a number of 
correlated analytes, involving both ethi-
cal and economical concerns. 
Among the numerous systems devel-
oped over the past few years for pro-
teomic analyses, mass spectrometry 

and, in particular, surface-enhanced la-
ser desorption ionization-time of fl ight 
(SELDI-TOF), seem to be potentially 
interesting (14). However, many prob-
lems, particularly in the pre-analytical 
phase (sample collection and handling) 
have been described stressing the need 
for a careful evaluation of analytical 
performances of this technique (15). 
Several groups have employed the pro-
teomic techniques of two-dimensional 
gel electrophoresis and mass spectrom-
etry to identify proteins or protein ion 
mass peaks which are deregulated in 
tissues and fl uids obtained from indi-
viduals suffering from multiple scle-
rosis, arthritis and other autoimmune 
diseases when compared with refer-
ence subjects or controls. These inves-
tigations have resulted in the identifi ca-
tion of putative biomarker proteins and 
signature protein expression patterns 
characteristic for a specifi c autoim-
mune disease, and provide insights into 
putative mechanisms involved in the 
development and pathogenesis of these 
disorders.
There has been a recent proliferation of 
new technologies which are capable of 
identifying an increasing spectrum of 
autoantibodies and other biomarkers in 
autoimmune diseases. Of all the varia-
tions currently available, planar and non-
planar autoantigen microarrays have at-
tracted particular attention. Planar assays 
include systems constituted by micros-
pots on slides, polystyrene microplates 
or nitrocellulose membranes, and linear 
immunoblot systems (16). Non-planar 
arrays include suspension arrays which 
use microparticles recognized by laser 
nephelometry (17), or laser fl uorimetry 
in fl ow cytometers (18). These new ad-
vances are only the beginning of a rapid 
succession of newer technologies such as 
microfl uidics, lab-on-a-chip platforms, 
and nanobarcode particle immunoassays 
(16). Of these, cell and tissue arrays, line 
immunoassays and addressable bead as-
says are already in use and their adop-
tion by clinical diagnostic laboratories is 
steadily increasing (19).
An additional aspect of the technologi-
cal evolution in autoantibody testing is 
the introduction of automation. The ad-
vantages offered by these automatized 
techniques are actually impressive: they 

can reduce in a signifi cant manner the 
time and costs of the assays, and they 
also allow to carry out multiple detec-
tion in the case of the so-called multi-
plex systems (20). Moreover, most – if 
not all – of the new techniques appear 
to display a higher sensitivity in com-
parison to the previous ones. Multiple 
determination systems, therefore, could 
play a crucial role in allowing the iden-
tifi cation of autoantibody signatures 
in the individual patient. This, in turn, 
may lead to a more accurate diagnosis 
and a targeted therapy.
There is, however, an urgent need to en-
sure that the rapid adoption of new tech-
nologies is attended by an appropriate 
balance of assay sensitivity and specifi -
city. This is an essential requisite before 
formally accepting the new assays into 
the clinical diagnostic laboratory. For 
example, indirect immunofl uorescence 
(IIF) for anti-nuclear antibody detection 
(ANA) is a time-consuming technique 
and may not be suitable because of the 
growing number of requests and the 
need to establish an early diagnosis and 
reduce time of hospitalization. To solve 
such a problem, automatized screening 
methods for ANA detection have been 
set up. These assays comprise the most 
relevant autoantigens coupled with a 
solid phase; antibody-antigen binding 
is then revealed by different techniques 
(immunoenzyme, chemiluminescence, 
etc.). The new methods have displayed 
good sensitivity and specifi city for con-
nective tissue diseases when tested on 
clinically defi ned groups of patients. 
However, a recent study showed that 
three of these new assays did not detect 
up to 30% of positive IIF samples in a 
series of 450 sera referred to the labo-
ratory for ANA screening (21). This 
fi nding further points out the need for 
studies aimed to validate the sensitiv-
ity/specifi city of the new assays versus 
the standard ones.

Challenges and opportunities for 
pathogen detection using multiplex 
microarrays
The main function of diagnostic micro-
biology laboratories is the detection 
and identifi cation of microorganisms 
in a variety of samples of human, ani-
mal, food, industrial, or environmental 
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origin. Additionally, in clinical labo-
ratories, drug susceptibility testing of 
the isolates to allow correct treatment 
decision is of major importance. A 
third and equally important activity is 
epidemiological typing of the isolated 
and identifi ed microbial species. This 
requirement is basic for monitoring the 
routes of infection as well as for bacte-
rial population studies, both essential 
in the setup of strategies to prevent or 
control infections in the community 
and in healthcare facilities.
During the past decade, the extensive 
research on microbial genomes and the 
development of new nucleic acid-based 
methodologies have resulted in the in-
creasing use of molecular assays in 
microbiology laboratories (22). In par-
ticular, DNA microarrays are a power-
ful tool for the investigation of various 
aspects of prokaryotic biology because 
they allow simultaneous monitoring 
of the expression of all genes in any 
bacterium or virus. They offer a more 
holistic approach to studying cellular 
physiology and therefore complete the 
traditional “gene-by-gene” approach 
(23). Since the term DNA microarray 
was coined by the laboratory of De-
Risi et al. (24) and Schena et al. (25), 
this technique has evolved from a very 
specialized method which was only 
available to a few people to become a 
common tool with many different and 
important applications in microbiology 
(26).
The essence of microarray technology 
is the parallel hybridization of a mixture 
of labelled nucleic acid called target, 
with thousands of individual nucleic 
acid species called probes, which can 
be identifi ed by their spatial position 
in a single experiment. DNA microar-
rays can be used to interrogate a mix-
ture of nucleic acids which is produced 
from a PCR reaction, or directly in the 
absence of amplifi cation, when target 
nucleic acids are abundant (27). In the 
fi rst case, three approaches are possible. 
One approach is to amplify one or more 
universal gene (i.e., 16S rRNA, 18S 
rRNA, 23S rRNA genes) and to screen 
for pathogen specifi c polymorphism. 
Given the simplicity of this strategy, 
it may be surprising that few examples 
exist in the literature, but some studies 

highlighted the fact that universal PCR 
can be challenging because of frequent 
and unexpected amplifi cation of con-
taminating template DNA in negative 
control reactions. Furthermore, a false 
negative detection rate was observed 
and was attributed to secondary struc-
ture of the target DNA which prevents 
hybridization to the microarray probes. 
A second strategy for coupling PCR and 
microarray detection is to use multiplex 
PCR to amplify a number of discreet 
pathogen-specifi c genetic markers that 
are subsequently detected using a DNA 
microarray. This approach provides a 
greater degree of discrimination and 
can also provide useful subtyping in-
formation, but there is a practical limit 
to the number of primer sets that can be 
included in the PCR reaction. The third 
strategy for coupling PCR and microar-
ray detectors is to use a random ampli-
fi cation. Wang et al. (28) provided the 
best example of this technique devel-
oping a microarray composed of 1,600 
unique viral oligonucleotides derived 
from approximately 140 distinct viral 
genomes. They demonstrated the poten-
tial for combining relatively unbiased 
nucleic acid amplifi cation with a rela-
tively high-density microarray suitable 
for detecting and discriminating large 
classes of viruses as well as detecting 
previously uncharacterized members 
of these classes. However, while very 
powerful for many applications, it is 
unlikely that this method is suitable for 
amplifying pathogen DNA from tissue 
samples because the host DNA will be 
amplifi ed concurrently with pathogen 
DNA and this will likely decrease assay 
sensitivity and may interfere with assay 
specifi city.
Despite some methodological prob-
lems, DNA microarray technology is 
becoming one of the most popular tools 
in microbiology and many applications 
could be hypothesized in the future. 
This technology in fact enables micro-
biologists to perform global surveys of 
novel virulence factors, antimicrobial 
drug resistance genes and potential vac-
cine targets, by monitoring the transcrip-
tion profi le of pathogens in response to 
host environments (29). For example, 
recent studies used the microarray ap-
proach to monitor the gene expression 

of the malaria pathogen Plasmodium 
falciparum in host cells, and identify 
potential vaccine candidates or drug tar-
gets (29). Likewise, DNA microarrays 
can be used to study pathogen responses 
to various host systems such as different 
tissues and cell lines. Recently, Fradin 
et al. (30) demonstrated that Candida 
albicans uses several genes and tran-
scriptional regulations to counteract the 
attack of neutrophils, enabling the path-
ogen to escape the innate immune sys-
tem and cause infection. DNA microar-
rays can be applied also to study the host 
response to pathogen infections or to 
help evaluate the effi cacy of anti-infec-
tious drugs. For example, by using liver 
mRNA expression profi les Hayashida et 
al. (31) were able to successfully pre-
dict the effi cacy of interferon treatment 
in chronic hepatitis C patients, before 
the therapy.
However, the most direct and most im-
portant application of this technology 
in daily practice is the identifi cation 
of pathogens and genotyping based on 
the unique sequence signature detect-
able by the large number of probes 
on the array. A famous case in recent 
years was the identifi cation of the new 
corona virus that caused severe acute 
respiratory syndrome. However, before 
DNA microarrays become a standard 
diagnostic tool in clinical laboratories, 
researchers, clinicians and microbiol-
ogists have to answer some questions 
such as what are the factors that infl u-
ence probe design and performance, 
how a pathogen signature is measured 
and detected, what the specifi city and 
sensitivity of an optimized detection 
platform is. 

T cell-based diagnosis of 
tuberculosis infection in patients 
requiring anti-TNF therapy
Approximately a third of the world’s 
population is infected with Mycobacte-
rium tuberculosis (M. tb). Persons in-
fected with M. tb have a 10% life-time 
risk of developing active tuberculosis 
(TB), but immunosuppression greatly 
increases this risk. Tumor necrosis fac-
tor-alpha (TNF-α) is a key cytokine 
in protective host defence against M. 
tb playing an important role in the 
development and maintenance of the      
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granuloma which compartmentalises 
the bacilli during infection. The most 
serious adverse effect of TNF-α block-
ade is the development of life-threaten-
ing extra-pulmonary and disseminated 
TB. Therapeutic anti-TNF-α agents in-
cluding etanercept (a TNF-α receptor 
antagonist), infl iximab and adalimum-
ab (humanised monoclonal antibodies) 
are increasingly being used as effective 
treatments in chronic infl ammatory dis-
eases such as rheumatoid arthritis, an-
kylosing spondylitis or Crohn’s disease 
(32, 33). The higher risk of incident TB 
in patients on these drugs is being in-
creasingly reported (34-38). Screening 
patients for latent TB infection (LTBI) 
before commencing anti-TNF-α agents 
is therefore essential. Treatment of 
LTBI with isoniazid is potentially hepa-
totoxic but because of the risk of severe 
forms of active TB in this group, it is 
recommended that patients with LTBI 
complete prophylactic treatment prior 
to commencing anti-TNF-α agents. 
Current screening recommendations 
are that patients should have a clinical 
examination, their history of any prior 
TB treatment or TB exposure checked, 
a chest radiograph and, if appropriate, 
a tuberculin skin test (TST) (39, 40). 
However, accurate diagnosis of LTBI 
with the TST is very diffi cult since di-
agnostic sensitivity is greatly reduced 
in those with weakened cellular im-
munity (41) which includes most of the 
patients who are eligible for anti-TNF-
α therapy as they are already taking 
immunosuppressive therapies such as 
methotrexate (42). The TST is a meas-
ure of delayed-type hypersensitivity re-
action to intradermal inoculation of pu-
rifi ed protein derivative (PPD), a crude 
mixture of more than 200 M. tb pro-
teins. Because antigens within PPD are 
also found in other mycobacteria, the 
TST also suffers from poor specifi city 
in bacille Calmette-Guérin (BCG)-vac-
cinated persons and in those infected 
with environmental mycobacteria.
The advent of T cell interferon gamma 
release assays (TIGRAs) offers a realis-
tic alternative to the TST for diagnosis 
of M. tb infection. There are currently 
two forms of TIGRAs which measure 
M. tb-specifi c interferon gamma (IFN-
γ) response in vitro: IFN-γ secretion 

measured in whole blood by the en-
zyme-linked immunosorbent (ELISA) 
assay, and the enumeration of T cells se-
creting IFN-γ measured by the enzyme-
linked immunospot (ELISpot) assay. 
These are both commercially available 
as QuantiFERON®-TB Gold (Cellestis, 
Carnegie, Australia) and T-SPOT®-TB 
(Oxford Immunotec, Oxford, United 
Kingdom) based on the Lalvani ELIS-
pot assay, respectively. There is a large 
body of published literature in non-im-
munosuppressed populations which 
confi rms that, compared with the TST, 
TIGRAs are more specifi c for diagno-
sis of M. tb infection (43). From studies 
in active TB and from studies correlat-
ing ELISpot results with TST and TB 
exposure in recently exposed contacts, 
ELISpot is likely to be more sensitive 
than the TST (39). Whilst the literature 
in immunocompromised populations 
is limited, TIGRAs in HIV co-infected 
persons do not seem affected by HIV 
infection status (43).
Published data on TIGRA performance 
in the diagnosis of LTBI in chronic 
infl ammatory diseases is scarce. A re-
cently reported prospective study of 
142 patients treated for infl ammatory 
rheumatic conditions found that Quan-
tiFERON®-TB Gold in-tube performed 
better in the diagnosis of LTBI than 
TST (44). The IFN-γ ELISA was more 
closely associated with the presence of 
risk factors for LTBI than the TST (p risk factors for LTBI than the TST (p risk factors for LTBI than the TST ( = 
0.04). However, whilst neither corticos-
teroids or disease modifying antirheu-
matic drugs (DMARDS) signifi cantly 
affected IFN-γ response, the odds for a 
positive IFN-γ result was decreased in 
patients treated with TNF-α inhibitors 
(adjusted odds ratio = 0.19 (95% CI 
0.05 to 0.76) p = 0.019). A second study 
in 68 patients with chronic infl amma-
tory diseases reported that agreement 
between TST and an IFN-γ assay was 
poor (κ = 0.18) (45).
The performance of each TIGRA is 
assessed through the use of an inter-
nal control which measures the IFN-γ
response against phytohaemagglutinin 
(PHA). A negative response against 
this mitogen in the context of nega-
tive responses against the M.tb-specifi c 
antigens renders the TIGRA indeter-
minate. This positive control becomes 

especially important in testing persons 
with weakened cellular immunity. To 
date, the indeterminate rate in patients 
on immunosuppressive therapy has 
been below 10% (44-46). However, we 
cannot yet draw conclusions on the in-
determinate rate of TIGRAs in this pop-
ulation based on less than 130 people.
The evidence-base on the perform-
ance of TIGRAs in diagnosing LTBI 
in persons with chronic infl ammatory 
diseases, especially in those already on 
immunosuppressive therapies, must be 
expanded to assess whether these new 
tests can replace the unreliable TST. 
Prospective trials are urgently needed 
to determine the prognostic value of 
positive TIGRA results in immunosup-
pressed populations with LTBI, and es-
pecially in patients who are candidates 
for anti-TNF-α agents.
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