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Abstract 
 

The Semantic Web vision relies on metadata and 

semantic annotation to be implemented on real world 

data. Ontologies and ontology-like artefacts are  the key 

component providing necessary knowledge for web 

document description. Domain ontology building is, 

however, a difficult and time consuming task. In this 

paper, we present our process of building an infection 

domain vocabulary for the National electronic Library 

of Infection. This paper describes the requirements for 

the vocabulary development process and the initial 

results. 

 

1. Introduction 
 

With the proliferation of information available on the 

Internet, it becomes increasingly difficult to provide 

relevant information to users. Generalist search engines 

do not cater for the diverse variety of users and user 

groups with different preferences, information needs 

and priorities. Key word searches  with  available search 

engines are often good enough to find results, but all too 

frequently do not account for the inherent ambiguity of 

terminologies used in diverse domains. 

We have opted to take this reality into account for the 

National electronic Library of Infection (NeLI1), by 

exploiting Semantic Web technologies [1]. The 

Semantic Web activity aims to introduce meaning to the 

Web using semantics delivered by ontologies and other 

knowledge organisation systems (KOS). An ontology or 

KOS provides a shared understanding of a domain and 

can be used to semantically characterise online resources 

through annotation. 

In this paper we discuss the requirements and design 

of an infection domain KOS for the NeLI portal 
 

1 http://www.neli.org.uk 

referred sometimes as the NeLI ontology. NeLI is a real-

world Internet portal providing the best evidence base 

for professionals in infection domain developed in 

collaboration with the key stakeholders and domain 

experts. This KOS is intended to be used for the 

annotation of NeLI resources and the personalisation of 

the NeLI portal by providing customised services to 

users. The NeLI portal is accessed by a number of 

medical professionals with different preferences and 

medical information needs. 

The paper is organised as follows. The next section 

gives an overview of the NeLI background and a short 

overview on related work is presented in section 3. We 

describe the requirements for the NeLI KOS in section 

4. In section 5 we present the resources used in the 

building process together with the method employed. 

Before concluding, we present our initial results in 

section 6. 

 

2. NeLI background 
 

The National electronic Library of Infection (NeLI) 

provides a single access point to the best available 

evidence on all aspects of infection. The family of NeLI 

projects include the National Resource for Infection 

Control (NRIC, www.nric.org.uk), Bugs and Drugs on 

the Web (www.antibioticresistance.org.uk) and other 

infection-related projects. Funded by the UK’s 

Department of Health and the Health Protection Agency, 

NeLI provides the main source of online medical 

evidence for a wide spectrum of users - clinicians, 

family doctors (GPs), environmental health officers, 

infection control nurses, and other public health 

professionals. 

The main sources of medical evidence are books, 

journals, and Internet-based sources. These include: The 

Health Protection Agency portal 

(http://www.hpa.org.uk), Cochrane database 
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(www.cochrane.co.uk), NHS Centre for Reviews and 

Dissemination, Effective Health Care Bulletins, British 

National Formulary, CDC, BMJ, WHO, Department of 

Health and others. The quality and reliability of the 

information provided does, however, vary significantly. 

Although readers rely on journal review articles and 

editorials, the scientific evidence of these is inherently 

unreliable and biased towards a positive and optimistic 

view of the effectiveness of intervention. The key value-

added feature distinguishing NeLI from other medical 

portals is the aim to provide, for each article, quality-

appraised, evidence-based knowledge with clearly 

identified the level of evidence of its study. 

 

3. Knowledge Organisation System 

(Vocabulary) building 
 

Building an ontology or KOS is not easy. In contrast 

to the database domain, there is no commonly agreed 

methodology. The process, which usually involves 

domain experts, must lead to a clear, coherent, easy to use 

and extensible artefact [2]. Ontology, terminology and 

other KOS building projects have been undertaken for 

many decades [3-10]. Some methodologies start from 

scratch while others reuse existing vocabularies or 

ontologies. More recently, some (semi-)automated 

building methodology from texts emerged [11-14], as the 

majority of any organisation’s knowledge is  encoded 

within the textual documents. The general idea is to 

identify the most important concepts within the texts as 

well as hierarchical and transversal  relationships using 

Natural Language Processing (NLP) and Information 

Extraction (IE) tools, sometimes using external 

knowledge resources. 

Once designed, the ontology or KOS has to be 

implemented in a specific language. Editor tools 

constitute help for this task when all choices have already 

been made. Protégé [15] is widely used for ontology 

building. The tool is regularly evolving and thanks to the 

incorporation of new plugins, users are benefiting 

frequently from new functionalities. Protégé allows the 

description of an ontology in  formats suitable for its use 

within the Semantic Web infrastructure. RDF/RDFS 

[16][17] and the Web Ontology Language (OWL) [18] 

are currently the most representative. The Simple 

Knowledge Organisation System (SKOS) [19] is, 

however, a recent semantic language development that is 

based on RDFS and it is destined to play a key role in 

semantic description. SKOS can be used for the 

representation of terminologies, vocabularies and other  

concepts schemes. Such KOS lack the formal, 

ontological distinctions made in many ontologies used in 

their 

pursuit of describing the nature of entities in the world 

and information about the world. KOS, on the other hand, 

often simply describe looser conceptual descriptions of 

the “relatedness” of terms within a domain or how a 

particular domain is organised by its members, whether 

or not such an organisation has  much bearing on reality. 

Such KOS are, however, extremely valuable in 

information retrieval, indexing, information navigation, 

etc. 

 

4. Requirements for the NeLI ontology 
 

In this section we describe the requirements and usage 

for the NeLI KOS. The KOS or vocabulary will cover the 

wide spectrum of infection, including clinical 

microbiology, clinical infectious disease, infection 

control, public health, surveillance and populations 

affected. The infection domain includes the investigation, 

diagnosis, treatment and control of infectious diseases at 

a clinical and public health level. From a functional 

requirement point of  view,  there is no need to provide 

clinical diagnostic and decision making support as the 

library consists of the best available evidence interpreted 

by doctors rather than providing a clinical decision 

support system or linking to patient electronic records. 

Therefore, formal reasoning for this particular need is not 

our primary goal. Instead, the ontology is used for 

navigation,  search and quick access to customised 

resources for groups of users. We describe below the 

usage scenarios of the NeLI KOS. 

 
Semantic annotation of infection resources. In order 

to support a user-customisable search, resources need to 

be precisely described. Semantic annotation is the 

process of attaching one or more semantic entities  to a 

resource. Resources managed through the NeLI portals 

will be both characterized by the  NeLI  KOS and Dublin 

Core [20] which defines a list of fields characterising an 

electronic document for cataloguing and search purposes. 

This semantic annotation process performed manually is 

a difficult, time consuming task specifically when one has 

to deal with a very large knowledge source (several 

thousands of entities). Infection control resources would 

be tagged on NeLI (semi)automatically by the relevant 

bacteria,  disease and population. However, in NRIC  (an  

infection control specific portal hosted by NeLI) the same 

document would be tagged by bacteria, disease, mode  of 

transmission, healthcare setting where it is to be 

controlled etc. That is why the KOS has to include the 

maximum possible terms to cover the domain. 



 

 

These requirements can be summarised as indexing, 

exploration, navigation and query for information 

retrieval. This suggests a KOS style vocabulary would be 

appropriate. Such ontology-like artefacts can be 

represented in SKOS, which offers access to many 

facilities of the Semantic Web, but with  a  lesser (though 

significant) effort than is required for a formal ontology. 

This choice also allows one of  the  largest such KOS, the 

Medical  Subject Headings (MESH)  in its SKOS 

representation to be available for use. 

 
Personalisation of the NeLI portal. A “one fit for 

all” approach for searching and ranking discovered 

knowledge on the Internet does not cater for the diverse 

variety of users and user groups with different 

preferences, information needs and priorities.  One  of 

the key factors for accurate and effective information 

access is, however, the user context. Allan et al. [21] 

define contextual retrieval as the combination of search 

technologies and knowledge about query and user 

context into a single framework in order to provide the 

most appropriate answer for a user’s information needs. 

Even if the above definition focuses on information 

retrieval, the user’s information context is important for 

a wide range of domains including semantic browsing 

and filtering. Sieg et al. [22] consider that the critical 

elements that make up a user’s information context 

include the semantic knowledge about  the  domain 

being investigated, the short-term information need as 

might be expressed in a query, and the user profiles 

that reveal long-term interests. 

A recent survey on the NeLI portal web logs shows 

that users prefer the browsing modality to other 

information access modalities [23]. The current NeLI 

portal front-end uses a static tree identified  by  infectious 

disease experts as a  controlled  vocabulary  for searching. 

The tree contains the entries judged most relevant and 

reflects the needs of the communicable disease domain. 

In the future, the tree will be dynamically built by pruning 

the NeLI KOS according to the context of the current user. 

Moreover, for users preferring to search the portal the 

KOS will help by suggesting contextual keywords. 

 
Browsing of Infection domain related resources. 

The browsing issue is motivated by the development of 

the EU funded project SeaLife [24]. The main goal of the 

project is to develop a grid browser for the life sciences, 

which will link the current web to the current emerging e-

science infrastructure. Particularly, SeaLife will help 

users to semantically browse the web by highlighting the 

semantic data contained in the web  page which that is 

being visited and providing a 

dynamic access to web servers and Web/Grid services 

related to the web content retrieved. The system is built 

using the Conceptual Open Hypermedia Service 

(COHSE) system [25] developed at The University of 

Manchester. COHSE automatically adds hyperlinks on 

web pages by recognizing terms contained in background 

knowledge, based on an ontology or KOS. For any term 

highlighted on a page, resources are provided for broader, 

narrower and related terms obtained from the underlying 

vocabulary. The NeLI KOS will be used by a dedicated 

version  of  the  COHSE system in order to provide access 

to resources and services specific to the infection domain. 

Users searching NeLI often need additional information, 

definitions of diseases, vaccination, drugs dosages, etc. 

that they have to search for manually.  Thus,  by adapting 

COHSE we will be able to provide additional information 

on viewing resources on NeLI using SeaLife/COHSE 

semantic mapping to  appropriate online portals and 

databases (called targets). SeaLife’s component COHSE 

uses the NeLI  KOS  to  highlight the concept labels (both 

preferred and alternative) keywords for each user group 

on the web page that is being viewed. These highlighted 

terms are used as insertion points for dynamically 

allocated  hyperlinks. On clicking a COHSE dynamic 

hyperlink, the user is offered a range of services (other 

pages, searches specific to that term, etc.) suitable for that 

page. The  user can, however, use the broaderthan, 

narrowerThan and related to links of the KOS to move to  

more  specific or general targets, depending on their task. 

Then, for example, searches can be carried out on  targets 

to provide users with additional information about 

antibiotics for a particular infection based on the terms 

available for the concept for that infection. 

From the scope of the NeLI KOS described in this 

paper, we have clearly identified a set of requirements that 

must be fulfilled. Firstly, the need for explicit and natural 

language naming of concepts. This makes the KOS 

understandable for the information officers of  NeLI as 

well as other external human users. Further we need to 

provide a free text definition of the concept. Secondly, we 

need multiple labels for concepts in order to cope with 

synonyms, preferred and the alternatives terms such as 

allowance for English and American spellings, 

abbreviations, etc. Finally we need  to  map the ontology 

to other biomedical vocabularies/ontologies to allow 

interoperability and to gather additional information and 

services while browsing. 



 

 

5. Existing resources and practical 

implementation 
 

5.1 Resources and tools 
 

5.1.1 The MeSH vocabulary 

 

Initial work was conducted by medical domain 

experts working on NeLI, in close collaboration and 

consultation with the NeLI Chair and Advisory Board 

members with representations from all major UK 

societies in infection and public health. The MESH 

vocabulary was identified as the most widely used 

indexing tool for medical libraries. 

Medical Subject Headings (MeSH) is a controlled 

vocabulary maintained by the U.S. National Library of 

Medicine2. It is mainly used for annotating and indexing 

articles from PubMed. 

The MeSH vocabulary provides a consistent way to 

retrieve information that may use different terminology 

in different articles for the same concepts. MeSH is 

organized in a directed graph, with concepts such as 

anatomy and diseases, but also geographic locations, at 

the top level. 

The MeSH vocabulary is used for indexing journal 

articles from Index Medicus and Medline. It also 

provides access and links to the integrated molecular 

biology databases maintained by the National Centre for 

Biotechnology Information. 

 

5.1.2 Domain experts inputs 

 
The MeSH vocabulary has been  judged 

inappropriate for indexing NeLI.  Whilst the structure 

of MeSH is appropriate and its linguistic 

representations are very useful, some areas of NeLI’s 

domain are not covered at all. Therefore, in a first stage 

terms relevant for infection and public health were 

extracted by pruning MeSH, and then additional 

sections on populations, health organisations  and 

public health provided by domain experts were added 

to this MeSH fragment meet the requirements of the 

scope of the domain. These were sent for consultation 

to the Advisory Board members and the final version, 

with taxonomical relationships served as the indexing 

and navigation graph for the first version of the library. 

In parallel, NeLI launched  NRIC, a portal dedicated 

to infection control that needed a taxonomy specific to 

infection  control  –  this  was  developed  by  the NRIC 

including many specific terms, such as the modes of 

transmission and disinfection techniques. 

At the second stage, experts and users started suggesting 

new terms and contributed to the evaluation of new 

versions of the NeLI/NRIC KOS as the portals were 

expanding. Both systems were merged into a single tree 

and migrated into OBO format – still as a taxonomical 

tree without semantic non-taxonomical relationships and 

with ever growing need for evolution. 

 

5.1.3 The SKOS language and plugin editor for 

Protégé 4 

 

Protégé 43 is an editor for OWL ontologies. It is being 

developed as a joint collaboration between The 

University of Manchester and Stanford University. The 

SKOS plugin4 for Protégé 4 offers support for viewing 

and editing SKOS vocabularies. SKOS represents a 

family of formal languages providing a model to 

represent and use vocabularies and ontologies in the 

framework of the Semantic Web. A SKOS vocabulary is 

composed of Concepts that belong to Concept Schemes. 

A Concept can be simply defined as a “Unit of thought”. 

Concepts have properties, there are two major types of 

properties used in SKOS. The first type are semantic 

relations and are used to relate concepts to each other 

giving structure to the KOS, one such property is 

skos:broader which can be used to assert that one 

concept is broader in meaning, or less specific, to another 

concept. The second type provide labels, descriptions, 

comments etc to a particular concept, the

 skos:prefLabel and 

skos:altLabel properties can be used to specify 

preferred and alternative lexical labels for concepts. 

 

5.2 Practical Implementation 
 

The first step was to convert the initial NeLI ontology, 

represented in OBO format, to SKOS. The OBO version 

of NeLI is converted into SKOS and represented using 

RDF/XML syntax. Each term from OBO becomes a 

SKOS concept and a member of that concept scheme, 

full details of the mapping from OBO to SKOS can be 

found here5. 

NeLI, NRIC content managers and information 

specialists and collaborating domain experts  were given 

the SKOS editor and jointly worked on adding 

definitions and adjusting relationships to come to an 

agreed structure for the KOS over the phone, VNC and 

content manager and domain expert in a similar way as    

the broader NELI KOS was done previously but 
 

2 
www.nlm.nih.gov/ 

3 
http://protege.stanford.edu/ 

4 
http://code.google.com/p/skoseditor/ 

5 
http://www.cs.man.ac.uk/~sjupp/skos/index.html 

http://www.nlm.nih.gov/
http://protege.stanford.edu/
http://code.google.com/p/skoseditor/
http://www.cs.man.ac.uk/~sjupp/skos/index.html


 

 

at a face-to-face workshop. This version of the NeLI 

ontology includes the core infection domain and public 

health including entities relationships such as is caused 

by (and its inverse causes) to relate an infection disease 

to its micro organism causing agent, is treated by (and its 

inverse treats) to relate a disease to its treatment. 

 

6. Initial results 
 

The KOS has 630 concepts organised around 12 Top 

entities. They include Population, Prevention of 

Infection, Symptom, Transmission Mode and Treatment. 

Figure 1 gives an overview of the hierarchy edited under 

the SKOS editor plugin. Each concept of 
 

Figure 1. Overview of the NeLI ontology 

edited under the SKOS editor plugin. 

the hierarchy has an ID, a preferred label, one or more 

alternative labels and a definition in natural language 

text. It may also have one or more relationships  to other 

concepts of the hierarchy. 

 

 

Figure 2. Overview of the semantic 

relationships of the NeLI ontology 

 

 

Figure 3. Recommended keywords 

retrieved from the NeLI ontology 

 
 

  

 
 

 

The concepts of the hierarchies are related by a set of 

semantic relationships (Fig. 2). 

The first usage of the NeLI KOS has been to  provide 

an auto-completion service that suggests to users 

keywords to be used during the search process. 

When typing a search term, a query is sent to the NeLI 

server using Asynchronous JavaScript and XML 

(AJAX). A list of terms is sent back to the user and 

displayed in a combo box (Figure 3). Instead of 

providing the same list to different users (e.g., nurses or 

clinicians) having different needs, user profile can be 

taken into account when querying the server and 

returning the result. 

 

7. Conclusion 
 

We have described in this paper our ongoing work on 

the designing and building of a domain vocabulary or 

KOS for infection domain related resources annotation 

and browsing as well as personalising the portal of the 

National electronic Library of Infection. We have 

described the requirements for the semantic support and 

argued that a KOS, rather than a formal ontology, suits 

those requirements and we have presented the first results 

of that choice. One of the  uses of the ontology is to 

automate the annotation of resources. However, we noted 

that it is not straightforward to capture the way the 

information officers organise resources. For example, in 

the NRIC portal resources are annotated by modes of  

transmission (blood-borne, food-borne etc) which is  not 

found in the medical resources but uses the tacit 

knowledge of the domain expert. We argue also that  the 

process of ontology building can benefit from the 

advantage offered by the Semantic Web  technologies as 

people can collaboratively create and build common 

vocabulary without centralized control. For example, we 

have used a SKOS representation for MeSH and 



 

 

extended that with concepts and terms appropriate for 

NeLI, while both keep their separate identity. Further 

investigation is needed to build suitable infrastructures 

supporting the possibility for people geographically 

disseminated, to argue for example on every assertion 

made during the building process. Future work includes 

also improving the KOS by the NeLI portal web logs 

processing. 
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