
Editorial

Despite the hopes (and predictions) of diagnos-
tic scientists and researchers, like myself, the 
use of multiplexed technologies in the point-
of-care (POC) setting has not achieved the 
level of growth and universal adoption in the 
last several years that might have been reason-
ably expected based on recent technological 
advances. In fact, notwithstanding the adop-
tion of rapid testing in the POC setting, the use 
of multiplex technologies in the POC setting 
is rare, that is, almost no multiplex testing is 
performed in the POC setting.

Furthermore, multiplexed microarray tests 
are rarely used in the routine laboratory set-
ting. The reasons for this include both techni-
cal and implementation issues, however, none 
are insurmountable. In Clinical Chemistry, 
Ellington et al. argue that multiplex platforms 
need further analysis before routinely becoming 
used in the clinical setting. Variation in results, 
which the authors attribute to variability of 
assay manufacturing processes and incom-
plete calibration of quantitative immunoassay 
processes, among other issues are blamed [1]. 
This, despite a Kalorama prediction in 2008, 
that by 2015, many in vitro �����������������diagnostic analy-
ses for both the lab and POC would be based 
on miniaturized and multiplexed (e.g., ‘chip’) 
technologies [101]. 

For many scientists and startup companies 
who expected to see a major change in diag-
nostic procedures and an increased demand 
for multiplexed tests by this point in time, the 
lack of progress is confounding. The question 
remains to be asked: ‘Why?’, and following that: 
‘Is there a future for multiplexed technologies in 
the POC setting?’

Diagnostic industry changes 
are occurring
Unsurprisingly, the diagnostic industry is 
undergoing great changes, with new emerging 
technologies creating the possibility to analyze 
more variables more quickly and more accu-
rately. For example, specific immunoglobulin 
analysis is today routine in the diagnosis of 
allergic and autoimmune diseases. However, 
using standard sequential assay analysis meth-
ods (singleplex), we cannot easily determine the 
crosseffects of a multitude of different antigens 
for S-IgE (allergy) or S-IgG (autoimmunity). 
The need for more indepth and simultaneous 
information has encouraged us to search for 
new possibilities. 

In recent years, diagnostics companies, 
such as Phadia, have developed the ability to 
simultaneously analyze more than 100 differ-
ent antigens with a minute amount of patient 
sample. After reviewing a large number of 
assay technologies, we now have the possibility 
to use multiplexed technologies; ImmunoCAP 
ISAC [2] as the basis for new laboratory systems. 
In addition, for several years now we have had 
an assay format (ImmunoCAP Rapid) [3] that 
allows the analysis of ten different allergens 
to be completed in approximately 15  min. 
These enabling technologies allow for the 
development of new information in immuno
logy, leading to the possibility to develop true 
personalized medicine approaches – finding 
the correct treatment for unique individuals 
based on precise multiplexed measurements. 
The goal is to find more cost-effective and 
clinically effective treatments for individuals 
who do not respond to traditional treatments 
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(e.g.,  the approximate third of rheumatoid 
arthritis [RA] patients who cannot be effec-
tively treated with anti-TNF treatments). But 
more than that, it is about being able to treat 
patients based on a combination of numerous 
identifiable markers before symptoms progress 
to the advanced stages.

Cost benefits & improved outcomes
Like other in  vitro diagnostics tests, the use 
of multiplexed technologies has the potential 
to lead to significant cost benefits as well as to 
achieve more proactive treatments to improve 
patient outcomes. Looking at the case for immu-
nological diseases, such as RA or celiac disease, 
we can see the benefits.

For example, in the diagnosis of RA, cli-
nicians typically must see at least four of the 
presenting symptoms from a standard list that 
includes: morning stiffness for more than 1 h, 
swollenness in more than three joints, swollen-
ness in hands, symmetric joint involvement, 
typical joint destruction by x-ray, rheumatoid 
nodules and presence of rheumatoid factors 
in serum. Such symptoms, of course, typi-
cally present after destruction of the joints has 
occurred. There is a clinical and cost advantage 
to the accurate, early diagnosis and treatment 
of such diseases before more expensive, invasive 
and painful surgeries or therapies are needed. 
In one study, serum samples from clinical RA 
patients in Sweden showed CCP-2-positive 
markers up to 10 years before the onset of the 
first clinical symptoms [4].

This becomes obvious if you compare the 
present average timepoint for a physician’s diag-
nosis of RA to the timepoint for early identifica-
tion based on molecular pathology. Using RA 
markers, as outlined in the Lancet by Klareskog 
et  al [5], the early identification makes more 
patients eligible for treatment before the disease 
progresses to the advanced stages and chronic 
destruction of joints.

Furthermore, healthcare spending in the field 
of RA is enormous. The anti-TNF drugs alone 
cost approximately US$20billion per year and, 
as stated, the drugs work well on only approxi-
mately two-thirds of the patients. Through 
multiplex testing, we have shown that we can 
differentiate the RA patients into a number of 
subgroups and optimize treatment on a more per-
sonalized level, based upon objective measures. 
This is possible by having successfully devel-
oped a microarray for the simultaneous detec-
tion of multiple RA-associated autoantibodies 

and singling out citrullinated proteins/peptides 
(ACPA), which are highly specific and predictive 
of RA development [6].

In the case of molecular allergology, microar-
ray peanut allergy studies show that we can iden-
tify a combination of multiple markers to deter-
mine which patients are dangerously allergic to 
peanuts, and have a potential for life-threatening 
reactions, and which are not. 

The Nicolaou peanut allergy study in 2010 
shows that not all peanut-sensitized children 
develop allergic reactions on exposure [7]. In fact, 
the study demonstrates that the current meth-
ods of assessment of peanut sensitization do not 
accurately predict peanut allergy, because IgE 
directed against pollen allergens may bind to 
components of the whole peanut extract, result-
ing in a false-positive peanut allergy. Microarray 
technology, which allows the detection of IgE to 
individual allergens of peanut and other poten-
tially crossreacting allergens including grass pol-
len, reveals a marked difference in the pattern of 
allergic detection. Thus, the majority of children 
in the general population with a positive skin 
test or measurable serum IgE to peanut do not 
have a clinical peanut allergy. Using a microar-
ray test can eliminate the need for costly, oral 
challenge testing and give parents more assurance 
that protection against all accidental exposure is 
indeed warranted.

What are the reasons of 
slow adoption?
The benefits in terms of cost savings and pro-
active patient care are obvious. So why is adoption 
slow? I have my theories, and these include:

n	Physicians are hesitant to use new methods. 
Instead they rely on their patient’s history and 
empirical experience;

n	Traditionally, most testing has been done in the 
central clinical laboratory rather than in the 
primary care setting and there is a reluctance 
to change this venue;

n	Regulators are unclear about how to regulate 
tests that include multiplexing and computer 
algorithms for interpretation;

n	The cost pressure against new spending is high 
and the introduction of new technology is 
hampered by lack of funding;

n	The burden on commercial developers becomes 
too high, that is, they can not justify the invest-
ments in the development projects nor the 
significant amount of clinical trials needed.
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Understanding how multiplex 
technology works
The key to multiplex microarray testing lies in 
microchip technology. As I stated in a 2008 
article [8] for Clinical Laboratory International, 
component-resolved diagnostics is already in use 
and will, in all likelihood, be an essential part of 
allergy diagnostics in the future.

However, in order to run component-resolved 
diagnostic assays rapidly and cost effectively, 
some form of multiplexing technology is neces-
sary. This allows labs to process a large number 
of allergenic components in a single step, using 
only a small amount of blood. Multiplexing 
has already been used for some time in auto-
immunity testing and now the technology is 
also available for allergy, using recombinant or 
purified allergen components in a biochip-based 
allergy test. In this way, a 20 µl sample can be 
used to analyze more than 100 different allergen 
components or antigens. 

As part of the process, picoliter quantities 
of each allergen preparation are deposited on 
spatially separate locations on the biochip. 
The resulting addressable microarray allows 
for many biological affinity reactions to be 
monitored in parallel (i.e., parallel multi-
plexing). In a single analytical step, the com-
prehensive allergen sensitization profile of a 
patient can be measured using a single serum 
or plasma sample. 

The power of this data, of course, comes with 
interpretation. Ensuring that it is managed and 
organized into a database structure that can 
collect information from multiple technology 
platforms is essential, and also possible. I believe 
that in the future it will be possible to seam-
lessly transfer data between systems and include 
both simplified and complex data interpretation. 
These systems will both support the clinical sci-
entist who needs to move the medical diagnostic 
frontier forward as well as help the practicing 
physician to treat the patient and cut healthcare 
costs more effectively.

Conclusion
We expect to see a whole range of new tools to 
enable early differential diagnosis of patients in 
the primary care setting, which in combination 
with quantitative laboratory tests and/or highly 
resolved component analysis, can shed new 
light on the management of autoimmune and 
allergy patients. These new tools and opportu-
nities will allow the monitoring of the whole 
immune system and lead to new discoveries in 

the field of immunological diseases. We have 
already proven this is possible in the allergy and 
RA field. 

In summary, is multiplex testing viable? I for 
one, think it is essential to the future of accu-
rate diagnostic medicine. Physicians and cli-
nicians should not fear that multiplex testing 
usurps their knowledge, but indeed look to it as 
confirmation of their diagnostic abilities. 

From previous studies, it is clear that a 
patient history and physical examination alone 
only diagnoses approximately 50% of the cases 
correctly, whereas the addition of in  vitro or 
skin-prick testing significantly increased the 
percentage of correct diagnoses [9]. 

Multiplex testing needs to become part of 
near-patient diagnosis and I believe it will for 
the reasons summarized below:
n	Early and objective diagnostics allow for an 

earlier intervention and onset of treatment 
resulting in significant healthcare cost savings;

n	We have shown the significant advantages of 
multiplex testing and molecular pathology for 
immune-related diseases such as allergy, 
asthma, RA and other autoimmune diseases. 
Using these tests during the first visits to the 
general practitioner will differentiate the right 
patient to be treated by the right specialist; 

n	A number of good multiplexed diagnostics 
tests already exist;

n	The prognosis for continuous technological 
development is excellent and there are numer-
ous new technologies that may be used for 
multiplexed applications both in the lab and 
for POC;

n	Modern information technology supports 
interpretation, help and treatment options 
based on the outcome of the testing in 
combination with the patient’s history.

“From previous studies, it is clear that a 
patient history and physical examination alone 

only diagnoses approximately 50% of the 
cases correctly, whereas the addition of 
in vitro or skin-prick testing significantly 

increased the percentage of 
correct diagnoses…” 

The examples discussed above can be gen-
eralized since most disease treatments benefit 
from an early and correct diagnosis, prediction 
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of prognosis and an objective measurement 
of treatment outcome. Finally, the modern 
pharmaceutical industry with the develop-
ment of biopharmaceuticals will benefit sig-
nificantly from the possibilities of developing 
personalized treatments, early patient differ-
entiation and POC methods for monitoring of 
treatment progression.
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