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Abstract. Clinical family histories, in the form of clinical pedigrees, are recog-
nized as valuable tools in the diagnostic, risk assessment and treatment of  
patients and their family members. The lack of adequate tools in present health 
information systems (HIS) is one of the factors that currently deter practitioners 
from making full use of these tools. In this paper we present OntoFam, an on-
tology-based clinical pedigree information system that can be integrated with 
existing HIS. We focus on the usage of ontologies and semantic web technolo-
gy in the context of this information system and present a practical scenario of 
integration with hemo@care, a HIS designed for hemophilia care. 

Keywords: ontology-based information system, clinical family history, clinical 
pedigree, semantic web technology. 

1 Introduction 

It has long been observed that certain diseases are more prevalent in some families 
than in others. Since ancient times, medical practitioners have been complementing 
patient symptoms with their respective family history to better understand disease 
manifestations [1]. Advances in Genetics have unveiled dozens of medical conditions 
that are linked to genetic factors, including common illnesses such as diabetes, Alz-
heimer, schizophrenia and depression, among many others [2-4]. It is therefore  
becoming increasingly important to record patients’ clinical family histories to aid  
in the diagnostic, risk assessment and treatment of patients and their family members 
[4, 5]. Risk assessment is particularly important, as the timely detection of at-risk 
individuals may allow preventive medicine to delay, diminish or avoid illnesses or 
symptoms [6].  

There are several ways to record clinical family histories, in either text form 
(checklists, forms, descriptive text) or graphic form (genograms, ecomaps, clinical 
pedigrees) [2, 7]. Clinical pedigrees are a particularly well-accepted tool for recording 
and presenting clinical family histories, as they are relatively easy to generate and 
understand – a basic hand-drawn pedigree can be constructed in minutes and, because 
it is a graphical representation, important information such as disease heredity  
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first open system to use ontologies and semantic data to represent knowledge about 
clinical family histories and pedigrees. 

We begin by describing the design goals and resulting system architecture in  
section 2. Section 3 focuses on ontologies and semantic web technology, briefly de-
scribing the relevant concepts before detailing the chosen ontology and exemplifying 
the resulting semantic data. The expected benefits of choosing these technologies are 
also presented. Section 4 summarily describes a practical application of the system 
and section 5 presents our conclusions and suggestions for future work. 

2 Overview of System Architecture  

We aimed at designing a system that could be used either in standalone form or, more 
importantly, in conjunction with existing Healthcare Information Systems (HIS); that 
stored family history information in an open and standard format which could be un-
derstood and used by other systems; and that could adapt to specific clinical areas 
without system redesign. As such, Integration, Openness and Extensibility played a 
big part in system design and technological decisions. 

Fig. 2 presents a high-level view of the resulting system architecture. The system 
follows a typical n-tier design, where a central business layer mediates the data and 
user presentation layers. Optionally, the system interfaces with existing HIS to gather 
clinical data regarding individuals represented in pedigrees. The system uses ontolo-
gies and semantic web technology to store, validate and reason with family history 
data, rather than rely on more “traditional” relational database-oriented approaches. 

 

Fig. 2. High-level System Architecture 

The user interface layer consists of a web application that uses Scalable Vector 
Graphics (SVG) to represent pedigrees in PSWG notation (refer back to Fig. 1 in 
section 1 for an example). The Madeline 2.0 Pedigree Drawing Engine [13, 14] is 
used internally to generate the predigree SVGs, as we have found that this engine 
produces the most standard-compliant clinical pedigrees, out of several open-source 
and freeware tools that were considered (Cranefoot, Haplopainter, Hughes RiskApps 
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Pedigree Module, Kinship package in R, PedHunter, PedigreeQuery, Pelican, and My 
Family Health Portrait). The pedigree representation is interactive – users can add and 
remove family members and edit their clinical information – therefore the same 
graphical representation is used for input and output of information. This contrasts 
with some pedigree-generation systems that use tables and forms to gather pedigree 
information and produce a graphical pedigree as a result (for example, the My Family 
Health Portrait tool [15]). While tables and forms may be sufficient for household 
consumers and simple family structures, we believe that a more direct “What You See 
Is What You Get” (WYSIWYG) graphical approach is preferable for practitioners’ 
use and for representing complex families, as seen on professional systems such as 
Progeny Clinical [16]. We have considered the latter as a reference on the sort of 
interaction to achieve on our system.  

The business logic layer coordinates data exchange between the user interface and 
data layers. It resides on the server-side component of the web application and essen-
tially acts as a translator between the visual and ontological representations of clinical 
family histories. It uses ontologies to validate and reason with data, ensuring that it is 
semantically correct and inferring new information from existing data, when possible. 
The dotNetRDF library [17] is used internally to connect to the triple store and to 
process semantic data and ontologies. 

The triple store acts as the data layer of the system. Thanks to the flexibility of-
fered by the dotNetRDF library, many different triple stores can be used to store data, 
such as AllegroGraph, 4store, Fuseki, Virtuoso, Stardog or any Sesame-based store. 
Most of these stores are capable of understanding ontologies and can therefore infer 
information from stored triples, a task that the dotNetRDF library is also capable of. 
At present, we are experimenting with several triple stores in order to determine the 
best fit, but this will most likely be a choice delegated to the deployment stage, allow-
ing an organization to choose whichever store is more appropriate for its environment. 

The optional interface to existing Health Information Systems allows patient da-
ta to be gathered and refreshed automatically from the HIS, so that the clinical infor-
mation on the pedigree is always up-do-date. Internally, the system uses a plug-in 
architecture to allow communication with different HIS. The task of the plug-in is to 
translate patient data from HIS to ontological representations. At present, we are uti-
lizing plug-ins that import data in custom HIS formats, but are also working on a 
plug-in that consumes Health Level Seven International (HL7) standards, namely 
SECTION 1 Primary standards, which appear to be the most popular for integration 
and interoperability purposes [18].  

3 Usage of Ontologies and Semantic Web Technology 

This section focuses on OntoFam’s usage of ontologies and semantic web technology. 
The most relevant concepts are briefly described before presenting the ontology and 
example semantic data used by the system. The expected benefits of choosing these 
technologies conclude this section.  
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3.1 Introduction to Ontologies and Semantic Web Technology 

Originally a philosophical term related to the study of reality and existence, in com-
puter science an ontology can be briefly described as the representation of an area of 
knowledge in a way that machines can understand [19]. Built on World Wide Web 
Consortium (W3C) standards such as eXtensible Markup Language (XML), Resource 
Description Framework (RDF) and Web Ontology Language (OWL), among others, 
ontologies use classes, attributes, relations, restrictions and rules to describe a know-
ledge domain in a consensual, shared and formal manner [19, 20]. These technologies 
were initially aimed at building the Semantic Web, Tim Berners-Lee vision of a “web 
of data” where the World Wide Web would no longer consist of a series of unrelated 
documents but rather a web of interrelated knowledge usable by humans and comput-
ers agents alike [21]. However, semantic web technology found its way into informa-
tion systems not directly related to the Web, such as the system described in this  
paper. The BioMedical field appears to be particularly proficient in ontology con-
struction and usage, with applications employing ontologies for knowledge and 
workflow management, data integration and interoperability, decision support and 
computer reasoning [22].  

3.2 Representation of Semantic Data 

As previously mentioned, an ontology defines a set of classes, properties and rules 
that describe a knowledge domain. Actual semantic data, that is, data that conforms to 
a certain ontology, is represented in triples: statements describing that an entity  
(subject) has a certain relation (predicate) with another entity (object). The ontology 
dictates what subjects can relate in what way to what objects. It can also further de-
scribe that relation by imposing restrictions and rules. 

At the beginning of any ontology-oriented project, a choice must be made whether 
to build new or reuse existing ontologies. Given that interoperability is one of the 
goals of ontologies, and indeed of our information system, reuse of existing ontolo-
gies, when available, is advisable. A third option is to extend an existing ontology that 
is a “close fit” by adding the elements that are missing. For example, new classes and 
properties can be added, or derived from existing entities, to fill gaps and further de-
scribe the knowledge domain. 

To facilitate share and reuse of ontologies, several repositories exist on the Web, 
with Unified Medical Language System and BioPortal being two of the largest [23]. 
Using these tools, we were hoping to find genealogy and clinical ontologies that  
we could combine to represent clinical family histories. Instead, we have found that 
work had already been done on an ontology to specifically represent clinical family 
histories [24, 25], resulting in the Family Health History Ontology (FHHO)1. This 
ontology defines 240 classes and 290 properties that allow representation of family 
relations and illnesses, including non-biological relations such as adoptive, foster and 

                                                           
1 Available at http://bioportal.bioontology.org/ontologies/FHHO  
 (accessed 2012-10-30)  
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Interoperability: XML, RDF, OWL and other semantic web technologies are W3C 
standards, which means that the clinical family history data generated by our system 
is inherently interoperable with other systems. Data integration and interoperability 
are indeed two of the main reasons why ontologies are used in biomedical information 
systems [22]. Furthermore, because semantic data and ontologies can be represented 
in plain text format, recorded family histories are relatively safe from obsolescence 
and will be readable in the future, even if the original software used to create them is 
no longer available. 

Flexibility: Family histories can be quite complex. While a basic ancestor tree can be 
organized around a simple Person class, with recursive relations for Mother and Fa-
ther properties, a clinical family tree needs to handle not-so-obvious relations between 
individuals such as twins, adoption, fostering, interbreeding and interrupted pregnan-
cies, among others. Furthermore, clinical information regarding individuals must also 
be stored. Rather than depend on relational data tuples, semantic data relies on simple 
subject-predicate-object triples as units of information. This simplicity offers great 
flexibility, as any entity characteristic or relation can ultimately be decomposed into 
triples. This means that complex relations that would imply intricate relational data-
base schemas can be easily represented in a series of related triples.  

Extensibility: Existing ontologies can be extended, further describing certain aspects 
of a knowledge domain. A basic clinical ontology describing high-level diseases and 
symptoms can be extended to handle more specific information, by branching existing 
classes into subclasses or by adding new attributes and classes. Unlike relational data-
bases, subclassing or adding properties to an ontology does not break the existing 
“schema” and does not invalidate existing data [27]. This means that the information 
system is able to adapt to particular or evolving scenarios with little or no code 
changes and without raising incompatibilities with existing data. 

Computer Reasoning and Inference: Ontologies include relations, restrictions and 
rules, which can be used to validate input, reason with data and infer new information 
from existing data. Family structures are a good example of where inference may be 
helpful, indeed FHHO includes a set of rules that allow the system to automatically 
infer family relations up to the third generation (for example, the fact that A is mother 
of B and B is mother of C implies that A is grandmother of C). More importantly, 
rules can be used to automatic perform risk analysis and detect at-risk individuals. 

Queriability: Semantic data can be queried using SPARQL (a recursive acronym for 
SPARQL Protocol and RDF Query Language). This query language builds on the 
triple nature of semantic data to allow very flexible queries. Fig. 7 presents an exam-
ple SPARQL query for obtaining the names of the persons whose great-grandparent 
have asthma.  
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 PREFIX fam:<http://www

 SELECT ?name 

 WHERE { 

   ?person a fam:Person

   ?person fam:name ?na

   ?person fam:has_grea

   ?ggp fam:has_health_

} 

Fig. 7. Example SPARQL 
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The main problem with this representation is that it only includes information re-
garding ancestors (parents, grandparents and great-grandparents) of patients. Because 
of this, practitioners that wanted to study the full family history resorted to using ex-
ternal drawing tools to represent clinical pedigrees. As mentioned before, this practice 
produces “disconnected” pedigrees that are difficult to keep up-to-date. 

Seeing as an integrated clinical pedigree information system would benefit users, 
hemo@care’s team welcomed a prototype integration with OntoFam, which is cur-
rently being implemented. This involved extending the FHHO to incorporate concepts 
of hemophilia, as it was limited in that respect. Subclasses of Health_State were 
created to describe patients with Haemophilia A, B, C and asymptomatic carriers. 
A specific plug-in was developed to allow OntoFam to acquire patient data from he-
mo@care. Fig. 1, in section 1, provides an example of a clinical pedigree in PSWG 
notation applied to the hemophilia field, resulting from the integration of OntoFam 
and hemo@care. In the process of standardizing the pedigree representation, he-
mo@care’s notation was replaced with the corresponding PSWG symbols, maintain-
ing all relevant information on the pedigree. 

Even though the hemo@care  OntoFam integration is currently at a prototype 
stage, the preliminary results and user feedback are promising. Practitioners are now 
able to build and study the complete family histories of patients in context and with-
out resorting to external, disconnected tools.  

5 Conclusions and Future Work 

Several authors have identified the need for family history-aware Health Information 
Systems (HIS), yet presently most systems have little or no such capabilities. We 
believe that an open clinical pedigree information system, which can be integrated 
with existing HIS, may provide an immediate solution. OntoFam represents our ef-
forts in designing and implementing such a system. We chose to design the system 
around ontologies and semantic web technology in order to achieve the degrees of 
Openness, Interoperability and Extensibility that we find necessary for its successful 
integration with existing HIS. 

Though the system is currently at a prototype stage, integration with an existing 
HIS dedicated to hemophilia care yielded positive and encouraging feedback. In the 
near future, we expect to finalize the system implementation and begin performance 
and user acceptance tests to confirm the system’s viability and adequacy. In the long-
er term, we intend to further explore inference and computer reasoning capabilities 
inherent to semantic web technology in order to enable automatic risk analysis and 
decision support in OntoFam. 
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