
Allergenius  
 

Allergenius is an expert system which helps identify allergies based on Ige values. 

The project began at the end of 2009, when the availability of ISAC 112, an allergen microarray developed 
and marketed by Thermo-Fisher Immunodiagnostics (formerly Phadia Srl) changed the diagnostic approach 
to allergic diseases. 

Previously, the detection of sensitization to one or more allergens was performed using crude allergen 
extracts and only a small number of molecular allergists were able to use the recombinant allergen 
components. The developed microarray allowed the identification of IgE specifically targeted against 112 
different allergenic components. 

These components represent inhalants and foods and their sources are of animal or vegetable origin; 
furthermore, these components can be divided into harmless and potentially dangerous allergens. Finally, 
many of these molecules can be considered "genuine" components (involved in "specific" sensitization) or 
cross-reacting components, involved in "cross" allergic reactions. 

The large number of interactions between these different components have been described in detail in 
books and scientific articles and are continually revised. For the interpretation of a single microarray, the X-
Plain module associated by Thermo Fisher with the ISAC standard report constitutes an exhaustive 
explanation of the real characteristics of each component. 

However, the allergy science community has recognized that there are many features of ISAC results that 
may have additional value. For example, the relationship between sIgE and/or skin test (SPT) results and 
ISAC results, the identification of the primary sensitizer. 

The associations of clinical symptoms or syndromes correlated with a specific component, sensitization, 
etc. Furthermore, the ratios between genuine and cross-reactive allergens have been recognized as relevant 
in the “expected” outcome of immunotherapy administered to the patient. 

For the above reasons, an expert system was developed, called Allergenius. Allergenius generated a report 
based primarily on ISAC results, integrated with SPT or sIgE results, the patient's clinic and age. Furthermore, 
Allergenius indicated the dangerous molecules, the potentially associated syndromes, the frequency of a 
given IgE profile and the (possible) discrepancies between sIgE or SPT and ISAC results. A basic indication 
for patient therapy was also provided, starting from hygiene recommendations, up to drugs and specific 
immunotherapy. Finally, using a calculation algorithm indicated, based on the frequency of sensitization 
towards genuine and cross-reactive components, the probability of success of allergy immunotherapy.  
 
The first version of Allergenius was made available in 2014 for the interpretation of ImmunoCAP ISAC, the 
Thermo-Fisher allergens micro-array which contained 112 components. 

  



In 2017, MADx, an Austrian company, developed ALEX. ALEX was characterized by the presence of 282 
allergens (of which, 157 were allergen extracts and 125 were molecular components). ALEX is suitable for 
the description of an extended IgE profile, including inhalants, food, hymenoptera venoms and latex. MADx's 
molecular allergy test (ALEX²) is now the leading blood test in its category and is characterised by the widest 
range of allergens tested (up to 300), providing a comprehensive picture of patients' sensitisation status. 
MADx has set a remarkable benchmark in allergy diagnostics by delivering more molecular test results than 
the entire industry combined. 

The presence of both allergens and relevant component onto the same chip allows for example, the 
immediate identification of genuine sensitizations and of the presence of IgE specific for potentially 
dangerous components. By the use of specific algorithm, Allergenius suggests the use of specific Allergen 
ImmunoTherapy (AIT, the so-called vaccine for allergies) on the basis of the patient’s IgE profile. 

In 2017, Dr Melioli approached LPA seeking help in linking Allergenius with ALEX. Giovanni Melioli has spent 
his professional life as MD, as researcher and as pharma-industry advisor. He started his professional carrier 
as virologist at the S. Martino Hospital/University of Genova, then moved to the National Cancer Institute in 
Genova working in the field of Cancer Cellular Immunotherapy and finally he was Director of the Dept. of 
Experimental Medicine at the G Gaslini Pediatric Teaching Institute in Genova. In this period, he started his 
activity in the field of molecular allergy diagnostics and in the computer supported diagnosis in medicine. In 
his professional carrier, he published 172 papers in international journals (Medline), his h-index is 36, the 
number of citations is 6144 (Google scholar). He retired few years ago and continued his activity in the field 
of expert systems and as advisor of private companies active in the field of therapy and diagnostics. 

 

ALEX (Allergy Xplorer) was the first ELISA based in-vitro multiplex allergy test which allowed simultaneous 
measurements of total IgE (tIgE) and specific IgE (sIgE) against a large number of allergen extracts and 
molecular allergens. Multiplex testing provides a comprehensive picture of a patient's sensitisation profile 
by simultaneously detecting IgE to multiple allergen extracts and molecular allergens in one single assay 
run. 

The results were quite complex and in the form of a long list of numerical values. 

Dr Melioli, and his team, had developed a set of interpretation rules which were encoded using the Flex 
expert system. These rules were derived from the literature and specialized databases and related the values 
of the various IgE assays with various allergies and sensitivities. The rules resulted in Allergenius, an 
innovative allergen detection technology that changed the way allergens are identified in food products. 
Developed by Dr Melioli, and his team of leading allergologist and computer scientists, Allergenius 
employed advanced molecular techniques to detect allergenic proteins with high sensitivity and specificity.  
 



Flex was selected as the rules are represented in the Flex/KSL using an English-like syntax, which allows 
non-professional programmers to update the code. The expert system used frames to help represent the 
knowledge and families of allergens.  

Allergenius was first validated using artificial and real life cases and passed all in silico validations. Then, the 
opinions of allergists with experience in molecular diagnostics were compared with the ES reports. The 
Allergenius reports included all of the allergists’ opinions and considerations, as well as any additional 
information.  

The expert system was hosted on a web-server which the front end system, Raptor, invoked as a REST 
service. 

 

LPA and the contractors from MadX defined a JSON representation to communicate the patient's IgE values 
from the skin test to the back end engine. 
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LPA build a test harness to test various combinations of input vales and the corresponding JSON. 

Raptor provided numerical allergy measurements to Flex, which in turn returned a textual interpretation and 
diagnosis (HTML text snippets) to be embedded into the patient report generated by Raptor. Raptor did not 
send any personal data to Flex. 

 

 

Figure 1 Initial empty test harness 



 

Figure 2 Initial JSON input for selected test case 



 

Figure 3 Returned results as JSON string 



 

Figure 4 Results with text report 

 

  



Approach Taken: 

1. Labs use a local Raptor installation. Each installation has a unique license key. 

2. When a lab chooses to generate a report (chooses to accept the resulting costs) Raptor sends a 
request to a proxy server. There, the license will be checked (“is this lab allowed to generate reports”), the 
number of reports will be stored for invoicing. 

3. The proxy server forwards the request to Flex (without license details). 

4. Flex returns the result (response time max. ~30 seconds). 

5. The proxy server forwards the result to Raptor. The entire process should take max. ~30 seconds, but 
typically much less (several seconds). 

6. Raptor embeds the result into its report for the lab. 

7. The proxy will allow reports on what lab requested how many reports. This data can be used for 
invoicing the labs. 

All communication was based on HTTPS and a flat REST/JSON API, to keep the data structures and 
communication protocols as simple as possible as well as flexible for future changes. 

  



Reports were long and detailed, often over 30 pages in length. 
Reports were made available in a number of languages such as Italian, Croation, French, German. 

 

 



 

The system  was very successful and used over a prolonged period to handle several thousands of cases. 
Eventually, the system was replaced when MADx chose to take the interpretation of results in-house with 
RAVEN. 


