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Introduction
Tropical infectious diseases affect millions of individuals, 
predominantly in the developing world. The low financial 
viability for the sale of new pharmaceutical products in 
these poor countries does not offer an incentive to enable 
the high and risk-associated investments in R&D required 
for the discovery of new treatments for these diseases. 
Consequently, while these 'neglected diseases' affect  
many individuals, the research effort has been minimal  
for the past several decades [1,2]. Drugs currently  
used to treat these diseases are of limited availability 
and efficacy, are costly, and in many cases are based on 
old molecules, some of which have severe toxic effects. 
Furthermore, resistance to these drugs has emerged 
in several of these neglected diseases [3-5]. For the  
purposes of this review, the diseases considered as 
neglected are those diseases listed by the WHO [6]  
(eg, African sleeping sickness, visceral leishmaniasis,  
Chagas disease and schistosomiasis), in addition to  
malaria and tuberculosis. R&D efforts for these diseases 
are managed by virtual organizations, and thus  
information management represents a key challenge.

To address the need for better treatment of neglected 
diseases, several not-for-profit organizations have  
emerged in the past decade. These organizations are 
known as public-private partnerships (PPPs), as they share 
a common model that combines investment and expertise 
from the public sector and industry [7,8]. Examples of  
such PPPs include the WHO's Special Programme for  
Research and Training in Tropical Diseases (WHO/TDR)  
[4], the Drugs for Neglected Diseases initiative (DNDi)  
[9], the Medicines for Malaria Ventures (MMV) [10], the 

Global Alliance for TB Drug Development (TB Alliance) 
[11], the Institute for OneWorld Health (iOWH) [12], the 
Malaria Vaccine Initiative (MVI) [13] and the Foundation  
for Innovative New Diagnostics (FIND) [14].

These PPPs have effectively raised money from different 
funding sources, including governments and charitable 
organizations such as The Bill and Melinda Gates  
Foundation and the Wellcome Trust. PPPs use these funds  
to conduct a virtual drug-discovery and development  
model, and have established a global network of  
multidisciplinary partners, including large pharmaceutical 
companies, biotechnology companies, not-for-profit 
organizations, CROs and academic institutions, in order 
to conduct R&D programs for various neglected diseases 
[4,9,10].

After having initially targeted the easy-to-achieve goals, 
such as expanding the applications of existing drugs 
[7,15], the PPPs have now evolved to address the entire 
cycle of drug discovery and development in order to  
sustain the delivery of innovative technologies. The PPPs 
coordinate multiple projects at every stage, managing a 
portfolio in a similar manner to large pharmaceutical and 
biotechnology companies [5,9]. An example of such a 
portfolio, which is managed by the DNDi, is presented in 
Figure 1.

The need for informatics tools to support 
virtual and global R&D collaborations
The visibility of the PPPs has impacted on the level of  
interest from biotechnology and large pharmaceutical 
companies in the area of neglected diseases, by 
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increasing awareness of both social responsibility within  
corporations and the strong need for the expertise of  
these companies in drug discovery and development  
[16,17]. By coupling the historical involvement of  
academic groups in research for neglected diseases 
with industry partners [18], it is now common for each  
PPP to manage collaborations with 30 to 40 different 
organizations worldwide. 

The breadth and complexity of these neglected diseases 
collaborations require informatics solutions that  
facilitate and support such a virtual and global R&D 
organization. The first main challenge to be addressed  
is the traditional data integration from multiple scientific 
disciplines and contributors [19]. In the PPP model, another 
level of complexity is involved, as the data are spread 
globally, in multiple organizations with different cultures  
and processes [2,4]. Therefore, the informatics solutions 
must propose a resolution for the immediate and secure 
exchange of scientific information among the members 
of the network. Each result generated by a partner must  
be easy to share and consolidate with the other  
organizations regardless of location. In addition, an 
institutional memory that records the collaborative  
efforts should be generated in a central database, thus 
avoiding unnecessary duplication of effort [4,20]. 

Scientists involved in the collaborations require access 
to bioinformatics and cheminformatics software, both of  
which are traditionally used to perform data analysis  
and to help design future experiments in silico 
[21,22]. To permit remote access by any member 
of the partnership and to manage the diversity of  
environments, the software must be offered via a  
web-based front end and must be able to operate with  
all data captured by the network. In addition to data  
access and manipulation, the virtual nature of these  
projects requires informatics solutions that both 
enable and support teamwork between geographically  
dispersed members. Such solutions should include 
collaboration and communication tools that can manage  
the drug-discovery and development information, and  
project management and planning tools that allow  
the monitoring and prioritization of the projects  
portfolio, as well as the coordination of the  
partners [23]. Finally, and most critically, these  
informatics solutions must be delivered with strong  
security mechanisms in place to maintain the  
confidentiality of all information and to protect the IP  
that each partner has brought to the collaboration  
[3,4,24,25], as most of the neglected diseases  
collaborations do not evolve in an open-access or 
precompetitive environment [26,27].

Figure 1. The DNDi's project portfolio.
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Scientific requirements for drug discovery in 
neglected diseases
The scientific and data requirements for neglected diseases 
do not differ significantly from those used in traditional 
drug-discovery research, in particular the requirements 
directed at anti-infective or antimicrobial targets.  
Projects in drug discovery for neglected diseases can be 
classified either as 'target-based' – in which a biochemical 
target such as an enzyme, ion channel or receptor has  
been identified as of relevance to the viability of a  
parasite; or as 'phenotypic' – in which the ability of a drug 
candidate to kill the parasite via an unknown mechanism  
can be assessed in a whole-cell assay system. Both  
approaches require similar capabilities, but with subtle 
differences. Regardless of the approach taken, the main 
scientific requirements that allow projects to progress 
involve readily accessible, substructure searchable  
chemical databases and chemoinformatics tools, which 
provide team members with the capability to explore  
widely diverse chemical structural classes for common 
features that correlate with a desired activity.

Target-based approaches
The emergence of genomic information for several  
parasites that cause neglected diseases, such as malaria 
[28], African sleeping sickness [29], leishmaniasis [30], 
Chagas disease [31] and cryptosporidiosis [32], has  
rapidly accelerated the ability to identify biochemical 
targets that are critical to the viability of these  
parasites. Disrupting the normal activity of such targets  
(eg, inhibiting a key metabolic enzyme such as  
trypanothione synthetase in Trypanosoma brucei) can  
be an effective strategy for the discovery of new drug 
candidates [33]. One important informatics capability 
required to support projects that use this approach is  
the availability of access to genomic information and 
the ability to develop correlations between antiparasitic  
activity and potential biochemical targets: this need has 
mainly been met by open-source tools [34-37].

In some cases, in particular for enzymatic targets, after  
a target has been identified and validated as essential  
to the viability of a parasite, modern molecular biology  
tools permit the cloning, expression, purification and 
crystallization of the protein target, potentially with 
an inhibitor bound to the active site. In these cases,  
the availability of contemporary molecular-modeling tools 
may be important to the discovery of compounds with 
improved efficacy [38,39].

Phenotypic approaches
A more traditional approach to the discovery of 
pharmaceutical agents for neglected diseases has been  
the evaluation of compounds directly on cultured  
parasites. As these assays do not require a priori  
information regarding the biochemical target, many of 
the bioinformatics tools used in target-based approaches  
are of limited value. However, after a class of compounds  
has been discovered to have a particular phenotypic 

effect on a parasite of interest, a variety of image  
analysis tools [40] may be used to quantify these effects  
and rank the compounds in order of interest, as well 
as provide a method to compare chemical classes with 
one another. This approach may result in the discovery 
of common biochemical pathways, allowing for the 
transition from a phenotypic- to a target-based approach.  
Interestingly, for neglected diseases research, evidence 
suggests that this whole-organism screening approach  
can demonstrate a slightly reduced attrition rate for 
compound progression compared with traditional  
target-based approaches [4].

Collaborative web-based platforms for drug 
discovery and development
Few open-source software packages and/or databases  
are available that can satisfy the informatics needs 
of neglected diseases collaborations. Several public 
databases of genomic information, including the TDR 
Target and EupathDB databases, have proven useful 
for the bioinformatics community in the referencing of  
targets of interest for research in neglected diseases  
[34-37]. In the chemistry field, the PubChem and  
Low-Hanging-Fruit databases contain chemical and  
biological data relevant to neglected diseases research 
[41,42]. While valuable for providing access to publically 
available information, these databases are not designed  
to allow the secure and private hosting of data  
generated by third parties.

With regard to software, many free applications are 
available on the Internet [43]; however, accessing these 
applications from an open-source website is not advisable 
for confidentiality reasons. The level of adoption of 
such applications has been less obvious than the public  
databases [44], and the neglected diseases collaborations  
are not willing to sacrifice the quality of the software  
tools used, as illustrated by the vision of the DNDi,  
which states 'the best science for the most neglected' 
[45]. Commercially available software used by the 
pharmaceutical industry is costly and may not always 
offer a web-based front end to allow remote access by all  
users. When available, this software often lacks  
collaboration features and is not designed to allow  
restrictive access by multiple companies sharing a  
common database for the duration of a project. 

As drug discovery and development has evolved to 
incorporate more outsourcing and collaborations, a new 
generation of software solutions has been developed,  
aiming to facilitate multi-organization partnerships.  
These solutions are web-based platforms proposed  
under a hosted 'Software as a Service' (SaaS) model.  
The SaaS platform is a fully web-based application 
that a user can access and conduct analyses via the  
Internet, but that is housed in the data centers of  
the vendor. These platforms require no software  
installation on personal computers, only an internet 
connection and browser. In the context of drug discovery,  
the SaaS platform is used to offer data-management  
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solutions via the Internet to geographically distributed 
partners. Each participant connects to the application  
from their location and, once authenticated, can upload 
scientific information to be shared with the project 
members, consolidate and organize results in the  
project database, search within all captured data and  
make informed decisions.

The two main examples of SaaS platforms for drug  
discovery are the Hit Explorer Operating System 
(HEOS) from SCYNEXIS Inc (see the Example of a SaaS  
platform used by the neglected diseases collaborations: 
HEOS section and reference [46]) and the Collaborative 
Drug Discovery Inc databases [47]. These web-based  
applications offer a cost-effective solution to connect  
multiple organizations via the Internet, as the vendor 
maintains the hardware infrastructure and provides 
consulting, training and support to all partners. 

Challenges for the SaaS collaborative 
platform in drug discovery and development
The quality of service provided by SaaS platforms is  
critically dependent upon the ability of the provider to 
address certain key challenges successfully. First, the  
SaaS platform must propose solutions to exhaustively  
capture all information generated within the collaborations. 
The design of flexible solutions for data entry can 
be particularly challenging, as these solutions must 
accommodate all projects (eg, high-throughput screening 
campaigns or preclinical studies) and all types of  
partners, from large pharmaceutical companies to 
small institutes with limited infrastructure. The user  
friendliness of these registration tools is particularly 
essential for the acceptance of the platform and to  
avoid user frustration that could cause a reluctance to  
upload data by the collaborators.

Despite the large diversity of information involved, all 
information must be captured as efficiently as possible. 
For example, complex information related to the  
science of the project, such as chemical structures, 
physicochemical properties, NMR spectra, IC50 values  
and dose-response curves, in vivo reports and  
pharmacokinetic (PK) time-course studies, require  
different methods of data input (eg, textual, tabular or 
graphical) and file formats, but must be captured with  
high fidelity. Other information that must be captured is 
specific to individual partners and includes proprietary 
compound identifiers, which must be received through  
often diverse systems and infrastructures. The quality  
of the data captured is also of high importance,  
regardless of the origin, as decisions will be made  
based on the available data. As such, the SaaS platform 
must propose tools and workflows for standardization, 
harmonization, validation and quality assurance by a 
third party when required. A balance between the 
flexibility of the data entry tools and the necessity for 
standardization within projects that often perform the  
same type of biological assays must be generated [48].

After the data have been captured, the platform must 
offer easy access and robust functionality for all partners. 
While web-based interfaces facilitate data access, all types 
of scientific data searches must be possible, including  
chemical substructure searches. The software architecture 
must be designed to satisfy scientists monitoring the 
process at several different levels, and to allow for the  
data to be grouped in a flexible manner. For example, 
an individual scientist may need to view data at the  
level of the container barcodes, whereas a team leader 
building a SAR table may require grouped data, and 
a project manager may measure the outcome of the  
network and benchmark projects across broad descriptors 
such as chemical series or testing location.

Finally, a critical point is the security of the SaaS platform, 
which must rely on a highly secure infrastructure at the 
physical, network and application level. In addition, the 
security scheme must offer advanced granularity in order 
to set up the data and functional access rights. Providing 
the PPPs with the ability to segregate projects and  
allowing individual project members to see only project-
specific data is essential, but not sufficient, to cover 
the variety of user profiles and processes that must be 
addressed. It is also essential to design and communicate 
the authorization processes that allow access to be  
granted. Only the reliable implementation of all these  
factors will provide the assurance required by  
collaborators, in particular large pharmaceuticals  
companies, to deposit data for use in projects.  
Otherwise, project participation can be limited, and the 
removal of data can occur, thereby rendering other data  
less meaningful.

Example of a SaaS platform used by the neglected 
diseases collaborations: HEOS
HEOS was developed initially to support a contract  
research business 7 years ago, and has been an effective 
solution for neglected diseases collaborations. During the  
past 3 years, HEOS has hosted data for several 
major PPPs, including the WHO/TDR, the DNDi and 
the MMV [9,21,49]. As such, HEOS manages the 
information generated globally by more than 400 users 
in 60 organizations involved in neglected diseases  
discovery and development (Figure 2), including large 
pharmaceutical companies, CROs, biotechnology companies, 
non-profit organizations and universities. HEOS hosts 
more than 90 drug-discovery and development projects,  
600,000 well-characterized chemical compounds, 
1.5 million validated biological data points, 200,000 
validated drug metabolism and PK results and  
5000 project documents.

The DNDi-SCYNEXIS human African trypanosomiasis  
(HAT) program (Figure 1) is an example of a drug- 
discovery project in neglected diseases that has  
benefitted from HEOS. Initiated in 2006, this program 
involved a high-throughput screen of approximately  
25,000 compounds for their ability to kill T brucei, the 
causative parasite of HAT, and has progressed through  



290  Current Opinion in Drug Discovery & Development 2010 Vol 13 No 3

hit-to-lead and lead optimization phases; a preclinical 
candidate, SCYX-7158 (Anacor Pharmaceuticals Inc/
Drugs for Neglected Diseases initiative/Pace University/
SCYNEXIS Inc) has now been selected [50]. As this  
project evolved, geographically distributed partners from 
industry, government and academia have been engaged  
to provide experimental capabilities and expertise  
(Figure 3). 

The various partners involved in the HAT program 
have provided and/or accessed different information in 
diverse formats (Figure 3). For example, SCYNEXIS has 
been responsible for the design, synthesis and primary  
screening of new drug candidates and PK screens; 
Pace University provided an in vivo evaluation of drug  
candidate efficacy; and the Swiss Tropical Institute  
confirmed activity against additional parasite strains. In 
addition, the DNDi has actively pursued the acquisition  
of novel chemical leads from a broad range of  
collaborators across industry and academia. Data  
generated on these compounds by one of the screening 
centers were also stored and made available to the  
core team. An example of an acquired chemical series  
is the organoboron chemotype initially discovered by  
Anacor Pharmaceuticals and optimized for HAT within  
the project by SCYNEXIS.

Because of the diversity of data input and information  
output within the project, considerable flexibility has 
been required of the SaaS platform. Data input from 

high-throughput screening uses an automated upload of 
transformed data (via ActivityBase [51]) directly from  
the instrument on which the data are collected.  
Conversely, data from secondary in vitro and in vivo 
screens (eg, efficacy and PK data) are manually curated 
by the researcher and inputted via custom-designed  
Excel templates. With regard to output, tools within 
the platform allow the user to export numerical data in  
several tabular formats for use in statistical analysis  
packages, whereas more complex graphical data are 
transformed into standard image files to facilitate  
inclusion in reports and presentations. An underlying 
capability important to all users is the chemical knowledge 
contained within the database, which is inputted by 
researchers through chemically aware registration 
and substructure searchable query features. Figure 4  
provides an example of a screen used to access all the 
captured data for a given compound.

As discussed in the Challenges for the SaaS collaborative 
platform in drug discovery and development section, 
the ability to provide secure access to authorized users 
associated with the various collaborators has been a key 
component of HEOS. As project sponsor and coordinator, 
the DNDi has full access to all data on all compounds, but 
individual collaborators, such as SCYNEXIS and Anacor 
Pharmaceuticals, have access only to compounds and  
data as authorized by various agreements and IP 
considerations. All access has been customized at the  

Figure 2. Geographical representation of organizations connected to HEOS.

As of January 2010, 60 organizations involved in neglected diseases drug discovery and development were connected to the Hit Explorer  
Operating System (HEOS) developed by SCYNEXIS Inc.
(Adapted with permission from SCYNEXIS Inc. © 2010 SCYNEXIS Inc) 
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user level as the project has evolved, with access  
granted and removed at the discretion of the project 
sponsor. 

Turning data into knowledge
While curated data repositories are necessary for any 
drug-discovery research, it is only when these data are 
mined, visualized and analyzed that a knowledge base  
for a particular disease target can be built. Data analyses 
range from the removal of compounds with reactive 
groups from a compound library, to measuring rule-of-
five compliance to ligand-based and structure-based  
modeling. In addition, as robust screening data becomes 
available, the opportunities to build SARs become more 
viable.

The workflow technology embodied in Pipeline Pilot  
(a scientific informatics platform from Accelrys Inc) 
[52], lends itself to the facile execution of several  
cheminformatics tasks, including, but not limited to, 
substructure searching, clustering, the construction of 
Bayesian models, combinatorial library enumeration and 
the numerical characterization of compounds for further 
statistical analyses.

Tibco Software Inc's Spotfire Analytics provides a  
platform for visual analysis that allows an end-user to 
interact with data in real-time [53]. This data visualization 
is particularly useful for interpreting relationships in 
multidimensional data. Interactive filters further aid 
the data analysis workflow, and end-users can quickly 
identify compounds of particular interest within a data 
set. Furthermore, the end-user can also construct  
'what-if' scenarios; for example, to consider the  
consequence of restricting the maximum molecular  
weight to 400 Da, the maximum number of rotatable  
bonds to five and the maximum number of  
hydrogen-bond acceptors to four.

The R Foundation has developed R, a language and 
environment for statistical computing and graphics  
[54] that includes a large, coherent and integrated  
collection of intermediate tools for data analysis, as  
well as graphical facilities for data analysis and display. 
Statistical techniques available through R include linear  
and non-linear modeling, classical statistical tests, 
classification and clustering.

Pipeline Pilot, Spotfire and R are all integrated within  
HEOS, affording end-users access to state-of-the-art  
data analysis, visualization and mining tools (Figure 5). 

Figure 3. Overview of the DNDi-SCYNEXIS human African trypanosomiasis program.
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Collaboration and communication tools
In addition to data and information sharing from a  
database perspective, tools that facilitate the  
collaboration and communication of researchers in the 
neglected diseases network are also required. Some 
collaborative tools have already demonstrated success  
in the drug-discovery field: examples include the use 
of Microsoft Sharepoint within the firewall of a large  
organization such as Pfizer Inc [55], or the use of  
open-data sources such as UsefulChem [56]. Such  
tools not only contribute to a better collaboration,  
but also capture a new wealth of information  
because these data are searchable (eg, the rationale  
behind the design of NCEs). Notably, the eRoom  
capabilities of HEOS are used extensively by multiple  
project teams, thus enabling the knowledge  
captured within the shared documents (ie, reports and 
presentations) to be at least as valuable as the data  
stored in the database. One example includes a  
clinical project that has been driven by partners  
distributed globally, using a formalized folder structure in 
the eRoom.

Another set of promising tools are those currently  
developed by the consumer market to facilitate 
communications between individuals. Facebook, LinkedIn, 
Twitter and Google Wave are some of the new web  
services that allow instant communication between  
contacts in several different manners and the exchange 
of any type of media [57-60]. These tools provide the  
potential for increased communication within the network, 
and some drug-discovery public communities have  
already emerged within Facebook [61] and LinkedIn [62]. 
However, one limitation of these tools is the inability to 
handle scientific data efficiently, but it is encouraging to 
note that some vendors have already started to address  
this limitation. For example, the collaboration between 
Accelrys and Microsoft to enable SharePoint [63], 
CambridgeSoft's addition of chemical capability to the 
collaborative platform of Imaginatik plc [64], Symyx 
Solutions Inc's ChemMobi [65] and ID Business Solutions 
Ltd's ChemJuice [66] for the iPhone. The expansion of  
these capabilities to other devices, such as the  
smartphone, will further facilitate communication and  
provide instant access to the SaaS drug-discovery  
platform.

Figure 4. HEOS single-compound view. 

The single-compound view from the Hit Explorer Operating System (HEOS) allows access to all the information captured for a given compound.
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The extension of these capabilities to collaborations  
involving confidential information from multiple companies 
will require a platform that is both secure and private to  
host these services. Such an extension may be  
developed by the SaaS drug-discovery platform to offer a 
tightly integrated solution alongside the data-management 
capabilities. This approach has recently been investigated 
by the pioneer SaaS company salesforce.com, through the 
development of Chatter, the company's own embedded 
capability [67]. Currently used tools may also evolve, 
as the industry beyond drug discovery is likely to be  
willing to adopt confidential versions [68]. The SaaS  
drug-discovery platforms would then have to integrate  
these versions to provide a combined service.

One distinct benefit of these communication tools is the 
development of a sense of community [57], matching  
the intrinsic nature of the neglected diseases area in  
which competition to achieve market share is minimal  
because of the nature of the diseases. After the security 
aspects inherent in the drug-discovery industry have 
been addressed, scientists can share daily experiences, 

opinions and commentaries within the project, thus a 
higher adoption rate of the technology and the creation of  
many 'semi-private' neglected diseases communities can  
be expected. Such a vision was expressed during the  
creation of the African Network for Drugs and Diagnostics 
Innovation [69].

Conclusion
Neglected diseases collaborations consist of many  
different organizations working together to find cures for 
the diseases of the world's most neglected individuals.  
The ability of these collaborations to combine public and 
private expertise and investment have contributed to  
several success stories (eg, see references [15,18,70]).

Because of the geographical distribution and virtual  
nature of these collaborations, the support of customized 
informatics solutions can have a significant impact. 
The potential of these solutions has led to the early 
adoption and evolution of the SaaS drug-discovery and  
development web-based platforms by this community. 
Because of these platforms, several major PPPs now control 

Figure 5. HEOS integration with Pipeline Pilot and Spotfire.

Data captured in the Hit Explorer Operating System (HEOS) database can be sent to Tibco Software Inc's Spotfire Analytics (top right) and  
Accelrys Inc's Pipeline Pilot (bottom right) for advanced data analysis.
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data management for various collaborations. As these 
platforms grow and are further interfaced with powerful 
data-analysis tools, scientists will have a greater ability  
to convert data into knowledge. These SaaS platforms  
have evolved to provide solutions similar to the ones  
developed and used within the firewall of large  
pharmaceutical and biotechnology companies.

The evolution of the Internet and the wealth of new  
tools such as Twitter and Facebook could soon offer  
significant communication enhancements if adapted to  
handle secure and private scientific communities. The 
neglected diseases collaborations that have already  
pioneered new types of hosted solutions are now well 
prepared to evaluate any novel tools that the industry 
delivers. If a certain tool fills a gap, these collaborations  
are in a position to adopt this tool rapidly, deploying it  
among their partners to generate immediate benefits.

The combination of secure and scientific services  
offered by the SaaS platform for experimental data 
management, data analysis, remote collaborations and 
advanced communication can significantly aid virtual team 
members in the building and leveraging of knowledge  
shared among the organizations, and thus increase the 
chances of finding new treatments against diseases  
affecting the most neglected.
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