Biomédica 2022;42:602-10
doi: https://doi.org/10.7705/biomedica.6269

Received: 25/08/2021
Accepted: 21/07/2022
Published: 29/07/2022

Citation:

Ochoa R, Alvarez A, Freitas J, Purkayastha S,
Vélez ID. NTD Health: An electronic medical record
system for neglected tropical diseases. Biomédica.
2022;42:602-10.
https://doi.org/10.7705/biomedica.6269

Corresponding author:

Rodrigo Ochoa, Programa de Estudio y Control
de Enfermedades Tropicales - PECET, Facultad
de Medicina, Universidad de Antioquia, Medellin,
Colombia

Telephone: (+57) (300) 450 5174
rodrigo.ochoa@udea.edu.co

Author contributions:

Rodrigo Ochoa: Developed the NTD Health platform,
led the dissemination strategies and wrote the draft of
the manuscript.

Alessa Alvarez and Ivéan D. Vélez: Edited the
manuscript and supported the dissemination
strategies.

Jordan Freitas and Saptarshi Purkayastha: Were
international contributors of the platform and
educational content and edited the final version of the
manuscript.

Funding:

This work received financial support from TDR,

the Special Program for Research and Training in
Tropical Diseases, co-sponsored by United Nations
International Children’s Emergency Fund (UNICEF),
United Nations Development Program (UNDP),

the World Bank and the World Health Organization
(WHO), under the short-term training grants for
research capacity strengthening and knowledge
management 2015 (ID number: 236030).

Conflicts of interest:

The authors declare that they have no competing
interest.

602

Check for
updates

Original article

NTD Health: An electronic medical record system
for neglected tropical diseases

Rodrigo Ochoa'?, Alessa Alvarez?, Jordan Freitas?, Saptarshi Purkayastha®, Ilvan D. Vélez'

"Programa de Estudio y Control de Enfermedades Tropicales - PECET, Facultad de Medicina,
Universidad de Antioquia, Medellin, Colombia

2Max Planck Tandem Group in Biophysics of Tropical Diseases, Universidad de Antioquia,
Medellin, Colombia

3Centro para la Cuarta Revolucion Industrial de Colombia, Complejo Ruta N, Medellin, Colombia

4Department of Computer Science, Loyola Marymount University, Los Angeles, USA

5Department of BioHealth Informatics, School of Informatics and Computing, Indiana University—
Purdue University Indianapolis, Indianapolis, USA

Introduction: The use of technological resources to support processes in health systems
has generated robust, interoperable, and dynamic platforms. In the case of institutions
working with neglected tropical diseases, there is a need for specific customizations of
these diseases.

Objectives: To establish a medical record platform specialized in neglected tropical
diseases which could facilitate the analysis of treatment evolution in patients, as well as
generate more accurate data about various clinical aspects.

Materials and methods: A set of requirements to develop state of the art forms, concepts,
and functionalities to include neglected tropical diseases were compiled. An OpenMRS
distribution (version 2.3) was used as reference to build the platform, following the
recommended guidelines and shared-community modules.

Results: All the customized information was developed in a platform called NTD Health, which
is web-based and can be upgraded and improved by users without technological barriers.
Conclusions: The electronic medical record system can become a useful tool for other
institutions to improve their health practices as well as the quality of life for neglected
tropical disease patients, simplifying the customization of healthcare systems able to
interoperate with other platforms.

Keywords: Neglected tropical diseases; electronic health records; public health informatics;
software

NTD Health: un sistema de historias clinicas electronicas para enfermedades
tropicales desatendidas

Introduccion. El uso de recursos tecnoldgicos destinados a apoyar procesos en los
sistemas de salud ha generado plataformas sélidas, interoperables y dinamicas. En el

caso de las instituciones que trabajan con enfermedades tropicales desatendidas, existe la
necesidad de personalizaciones especificas en las herramientas de uso médico.
Objetivos. Establecer una plataforma para historias clinicas especializada en
enfermedades tropicales desatendidas, con el fin de facilitar el andlisis de la evolucién

del tratamiento de los pacientes, ademas de generar datos mas precisos sobre diversos
aspectos clinicos.

Materiales y métodos. Se compilé un conjunto de requisitos para implementar formularios,
conceptos y funcionalidades que permitan incluir enfermedades tropicales desatendidas.
Se utilizé una distribucién de OpenMRS (version 2.3) como referencia para construir la
plataforma, siguiendo las pautas recomendadas y médulos compartidos por la comunidad.
Resultados. Toda la informacion personalizada se implementé en una plataforma llamada
NTD Health, la cual se encuentra almacenada en la web y los usuarios pueden actualizarla
y mejorarla sin barreras tecnolégicas.

Conclusiones. El sistema de historias clinicas electronicas puede convertirse en una
herramienta util para que otras instituciones mejoren sus préacticas en salud, asi como la
calidad de vida de los pacientes con enfermedades tropicales desatendidas, simplificando
la personalizacién de los sistemas de salud capaces de interoperar con otras plataformas.

Palabras clave: enfermedades desatendidas; registros electrénicos de salud; informatica
en salud publica; programas informaticos
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NTD Health for neglected tropical diseases

Neglected tropical diseases are a set of infectious diseases affecting
mainly disadvantaged populations in tropical and subtropical areas of the
world (1). The prevalence of neglected tropical diseases is determined by
different factors, including environmental, social, and economic conditions,
as well as cultural practices and sanitation infrastructure development (2).
In addition, there is a lack of economic and financial resources intended
for research on neglected tropical diseases, and low interest of the
pharmaceutical industry in response to the economic features associated
with the affected population (3). Also, there is an association between the
prevalence of neglected tropical diseases and the low budget allocated to
health care centers. This has resulted in multiple philanthropic agencies
coming together to create organizations that could improve neglected tropical
disease visibility (4-6).

Under these conditions, management of these diseases can be challenging,
which is why different support tools have been developed, such as the electronic
medical record systems. With several free and open-source systems, the
transition of medical records from paper to digital format has been beneficial,
especially in developing countries (7,8). The main advantages of these free and
open-source electronic medical record systems are lower implementation costs,
fewer restrictions around content personalization, more efficient information
gathering and processing, and fewer code development efforts (9).

To select the most appropriate platform for a suitable workflow for
electronic medical record systems, certain criteria are considered, such as
the possibility of customizing the content without the need for extensive
knowledge in computer programming. Likewise, an offline data registration is
also important so that the process is independent of internet access, which is
sometimes unavailable in underdeveloped areas (10,11).

Among the free and open source electronic medical record systems.
OpenMRS has a modular system that can be adapted to the needs of various
contexts, and is able to create metadata according to the needs of each
institution (https://openmrs.org/) (12). It has a large dictionary of concepts with
ease of creating new ones based on clinical needs, such as disease specific
terms. In addition, OpenMRS allows personalizing the forms and reports
according to the health issue and the needs of information analysis.

The implementation of an electronic medical record system allows the
integration of other information platforms within the same medical center,
and in the health system of territories (13,14). These other systems include
laboratory test reports, management of clinical information for each patient,
and smartphones applications that allow data collection in isolated areas
of the territory. This integration allows interoperability for a correct data
management that can be shared in a safe and reliable way (15).

The objective of this study was based on the implementation of a
personalized electronic medical record system based on OpenMRS, in
order to manage clinical information of patients with neglected tropical
diseases. The system was adapted to the specific needs of the Programa
para el Control de Enfermedades Tropicales (PECET) at the Universidad
de Antioquia, Medellin, Colombia, using specialized forms and concepts
associated with each disease.
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Materials and methods
Compiling requirements

We compiled a set of requirements to supply state-of-the-art forms,
concepts and functionalities related to a variety of neglected tropical diseases.
Specifically, we adapted an OpenMRS distribution (reference application 2.3) to
record data for diseases such as dengue, chikungunya, Zika and leishmaniasis.
According to the current OpenMRS modules and functionalities, we focused
the deployment on four categories: disease-specific forms, authentication and
roles, diagnosis, and drug orders. The topics were categorized based on the
time required for development and implementation, complexity of each task and
availability of functions previously created for OpenMRS.

Deployment of forms and concepts

Different disease-specific forms were built using the HTML Form
Entry (HFE) module of OpenMRS. With the HFE module it is possible to
develop forms using HTML, CSS, JavaScript, and new HTMLS5 features like
offline storage and form validation, facilitating the entry through any web
browser. Epidemiological and clinical data were collected through a set of
questions and add-ons, e. g. human body schemes to report the location of
leishmaniasis lesions. The electronic medical record system was adapted to
the MCL/CIEL dictionary (http://www.maternalconceptlab.com) distributed
along with some OpenMRS packages. In addition, a set of concepts not
included in the original list were included, and consequently submitted to
the concept project in order to be shared with the OpenMRS community.
The concepts were mapped (if available) with other controlled medical
vocabularies, such as SNOMED CT (http://www.snomed.org/snomed-ct) and
ICD-10 (http://www.icd10data.com/). Finally, we added forms to each patient’s
dashboard and managed the records based on defined roles.

To develop the platform infrastructure, the customized electronic medical
record system was deployed on a server running Debian Linux on Apache
Tomcat, v. 7 (hitp://tomcat.apache.org/), which is the recommended Java
servlet container. Our electronic medical record system can also be deployed
to other Java application servers, such as JBoss or WebSphere. The
OpenMRS data model and the concept dictionary were managed in a MySQL
database server, using English and Spanish as the main languages used
for metadata. Web-based access was provided to the health care personnel
from PECET, involved in the attention of patients affected by various tropical
viral diseases and American cutaneous leishmaniasis. The forms for dengue,
chikungunya and Zika virus were compacted into one, due to their similar
symptoms, epidemiological conditions, and personal clinical histories.

Dissemination and training

To promote the open-source technologies behind the electronic medical
record system implementation, a local workshop called “Health Informatics
Tools” was conducted to train users and developers from Colombia and other
Latin American countries (hitp://ubmc-pecet.udea.edu.co/hitworkshop/).
Different tools such as OpenMRS, DHIS2 (https://dhis2.org), and Sana (http://
sana.mit.edu/) were included. Simultaneously, an open course was developed
for OpenMRS users, implementers, and developers around the world. The
course contains information reviewed by experts, with videos and various
methodologies that can help guide the migration and implementation of
platforms such as NTD Health in other scenarios.
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The implementation strategy covered in NTD Health is summarized in
figure 1.

Ethical approval

This project did not involve the participation or experimentation with human
or animal participants.

Results
Deployment strategy

The enterprise version of the OpenMRS reference application 2.3 was
used for NTD Health. To personalize the system, the reference application and
the UICommons modules were modified to include the NTD Health logo and
other stylesheet changes in the source code. We used Spanish translation
because the implementation was originally intended for Latin American
institutions. At the time of the deployment, most of the terms were not
translated appropriately due to the new release of the reference application.
For this reason, we supported the translation of terms from multiple
implemented modules. Specifically, the OrderEntryUl module was completely
translated and made publicly available to the entire OpenMRS community.

Figure 1. Neglected tropical disease health implementation
strategy. The process included the implementation of a
customized OpenMRS platform with self-generated metadata.
The project also involves dissemination and training for the
local and international community through events and online
educational material.
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To collect local and personalized patient data, the registration form app
was modified from the source code and complemented with additional
questions about country identification, occupation, and health institution
where the patient is affiliated were included (figure 2). Details regarding the
diseases were organized in forms, and further added to the system through the
HTMLFormEntry module, following OpenMRS and general electronic medical
record guidelines (16). Three forms were designed to obtain information
about tropical viruses, personal history, and epidemiological background of
the patients. All the information required was designed by health personnel
involved in the management of these diseases, aiming at providing all the
necessary data to improve the diagnosis and future treatments.

The created forms, together with the defined MCL/CIEL concepts
are available in the GitHub repository: https://github.com/rochoa85/
NTDHealth_Forms. The use of this controlled vocabulary to add new medical
concepts associated with neglected tropical diseases is crucial to allow the
interoperability of the platform with other local electronic medical record
systems, facilitating the potential communication between them. Data storage
is managed through local platform installations, which means that nothing is
stored in public servers, providing the security and confidentiality necessary
to administer clinical information, also giving safe and long-term storing
conditions. In addition, OpenMRS generates copies of the information at
certain time intervals to avoid losing sensitive data.

Figure 2. Screenshots of the login and registration forms from the NTD Health implementation of
the Programa de Estudio y Control de Enfermedades Tropicales (PECET). The forms describe the
specific data required in Spanish for the people affiliated with this electronic medical record platform.
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Figure 3. Screenshot of the tropical virus form for dengue, Zika and chikungunya.
General information in Spanish with specific questions about physical examination,
symptoms and diagnostics is included.

Figure 4. Screenshot of the OpenWebApp canvas for the localization of cutaneous
leishmaniasis lesions in a human body scheme.

Regarding tropical viruses, we focused our attention to those transmitted
by the same insect vector (Aedes aegypti), which show similar symptoms
and are usually difficult to diagnose by health professionals from endemic
territories (17). This set of infections include those of Zika, dengue and
chikungunya, being all three characterized by general and specific disease-
related data captured through physical examination, symptomatology;,
and diagnostic inferences (figure 3). To obtain a broader panorama of the
diseases, data from personal history with epidemiological background was
captured, including information about living conditions, traveling sites, duration
of the travel, and potential exposure based on frequent activities.

Finally, due to the expertise of the PECET research group in leishmaniasis,
we used the OpenWebApp functionalities in OpenMRS to include a human
body canvas on which the location of cutaneous lesions can be recorded
graphically, along with other descriptions. A snapshot of the application is
provided in figure 4.
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The platform provides an open and useful way to document updated
reports and improve the management of these diseases in isolated institutions
which require automatized health information tools.

Dissemination impact

Two strategies were carried out to reach personally and virtually a group
of users and developers in Colombia and other countries around the world. A
summary of the strategies is shown in figure 5.

In the local workshop, we had the participation of various attendees from
different sectors including engineers, health professionals, students, and
entrepreneurs. The topics were taught using different methodologies, such
as conference sessions, hands-on training, lightning talks, and a hackathon
related to the needs and possible solutions in health informatics tools for real
problems, including the NTD Health platform (18).

The online course provides valuable and updated resources for people
entering the world of OpenMRS, containing information about how to install
the latest releases of OpenMRS under different environments, and more
elaborated topics such as the customization and overriding of system
variables, and manipulation of the data model. At the end, the goal is to
provide sustainable and community-driven support to the project to facilitate
the inclusion of novel modules and functionalities required by the NTD Health
users in the future.

Discussion

The implementation of electronic medical records has been useful to improve
the efficiency of storing and analyzing clinical data, enabling meta-analysis and
execution of data mining protocols to learning about epidemiological conditions,
drug side effects and other evidence to improve disease diagnosis (19). Due to
the lack of data associated with neglected tropical diseases, the use of electronic
platforms to store and manage clinical information is particularly relevant in
order to improve research, curate novel datasets, and provide better healthcare
services to the affected populations (20,21).

Figure 5. Scheme describing the local workshop and the online course for OpenMRS
training. Both activities were aligned to improve the knowledge of health informatics
tools in Latin America, looking to create a regional OpenMRS community.
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After surveying some users of the platform, we noticed that most of the
health professionals still use paper forms and excel files to store clinical data,
although the process is commonly disrupted due to the rigid structure of the
storage system and lack of efficient synchronization across the users. As a
secondary finding of this work, it was clear that a multidisciplinary team is a
key element for establishing efficient data collection techniques. The use of
platforms by diverse groups of physicians, microbiologists, chemists, engineers,
and nurses, facilitate their exchange of information and enhances the process of
managing neglected tropical disease related research and patient care.

As perspectives, we highlight how cloud-based accessibility could be
useful in zones where clinicians are normally collecting the data. This
will allow them to store data in real time and synchronize it quickly with
information stored by other professionals. In fact, the system can operate in
surroundings with lower connectivity resources, given the light HTML content
included in the interface that usually does not demand a high bandwidth size
to be accessed. This is also supported by the option of installing NTD Health
as a stand-alone application in the healthcare center.

Regarding the usability of the interface, the OpenMRS reference
application provides friendly functionalities for people that are not familiar
with this kind of technology, which is one of the main barriers for health
professionals to adopt such platforms in their daily activities. The platform can
be subsequently customized to add user-friendly HTML forms covering other
tropical diseases, as well as to adapt the questionnaires and data acquisition
pipelines based on the internal country regulations.

Overall, NTD Health is a customized electronic medical record system
based on OpenMRS that provides forms and concepts required for the clinical
care of patients diagnosed with tropical diseases. The collaborative and open
nature of the project allows us to share the information with the community,
and consequently incorporate their feedback and contributions to improve the
system. The project is supported by a set of novel forms and concepts under
the CIEL dictionary definitions, aiming to easily integrate them into OpenMRS
implementations around the worldwide community of developers interested in
neglected tropical diseases.
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is provided here: http://ubmc-pecet.udea.edu.co/hitworkshop/memorias/.
Tutorial videos are available in the YouTube channel: hitps://www.youtube.
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distributed with all the code available in the GitHub repository: https://github.
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References

1. Feasey N, Wansbrough-Jones M, Mabey DCW, Solomon AW. Neglected tropical diseases.
Br Med Bull. 2010;93:179-200. hitps://doi.org/10.1093/bmb/Idp046

609


https://doi.org/10.1093/bmb/ldp046

Ochoa R, Alvarez A, Freitas J, et al.

610

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Biomédica 2022;42:602-10

Mackey TK, Liang BA, Cuomo R, Hafen R, Brouwer KC, Lee DE. Emerging and reemerging
neglected tropical diseases: A review of key characteristics, risk factors, and the policy and
innovation Environment. Clin Microbiol Rev. 2014;27:949-79.
https://doi.org/10.1128/cmr.00045-14

Assis TM de, Rabello A, Cota G. Economic evaluations addressing diagnosis and treatment
strategies for neglected tropical diseases: An overview. Rev Inst Med Trop Sao Paulo.
2021;63:e41. https://doi.org/10.1590/S1678-9946202163041

Schuhmacher A, Gassmann O, Hinder M. Changing R&D models in research-based
pharmaceutical companies. J Transl Med. 2016;14:1-11.
https://doi.org/10.1186/s12967-016-0838-4

loset JR, Chatelain E. Drug discovery and development for neglected diseases: the DNDi
model. Drug Des Dev Ther. 2011;5:175. https://doi.org/10.2147/dddt.s 16381

Tambo E, Ai L, Zhou X, Chen J-H, Hu W, Bergquist R, et al. Surveillance-response systems:
The key to elimination of tropical diseases. Infect Dis Poverty. 2014;3:17.
https://doi.org/10.1186/2049-9957-3-17

Oza S, Jazayeri D, Teich JM, Ball E, Nankubuge PA, Rwebembera J, et al. Development and
deployment of the OpenMRS-Ebola Electronic Health Record System for an Ebola Treatment
Center in Sierra Leone. J Med Internet Res. 2017;19:e294. hitps://doi.org/10.2196/jmir.7881

Hong SH, Smith P, Stewart B, Welsh M, Lee KH, Shin JI, et al. Medicine in a forgotten
corner of Africa: How EMR can benefit the developing world - The FIMRC and EMR4DW
experience. Eur Rev Med Pharmacol Sci. 2021;25:4139-48.
https://doi.org/10.26355/eurrev_202106 26057

Scott T, Rundall T, Vogt T, Hsu J. Implementing an electronic medical record system:
successes, failures, lessons. London: CRC Press; 2016.

Seebregts CJ, Mamlin BW, Biondich PG, Fraser HSF, Wolfe BA, Jazayeri D, et al. The
OpenMRS Implementers Network. Int J Med Inform. 2009;78:711-20.
https://doi.org/10.1016/j.ijmedinf.2008.09.005

Zaidan AA, Zaidan BB, Al-Haiqi A, Kiah MLM, Hussain M, Abdulnabi M. Evaluation and
selection of open-source EMR software packages based on integrated AHP and TOPSIS. J
Biomed Inform. 2015;53:390-404. hitps://doi.org/10.1016/].jbi.2014.11.012

Purkayastha S, Allam R, Maity P, Gichoya JW. Comparison of Open-Source Electronic
Health Record Systems Based on Functional and User Performance Criteria. Healthc Inform
Res. 2019;25:89-98. hitps:/doi.org/10.4258/hir.2019.25.2.8

Eshleman RM, Yang H, Levine B. Structuring unstructured clinical narratives in
OpenMRS with medical concept extraction. Proc IEEE Int Conf Bioinform Biomed (BIBM).
2015;2015:764-9. http://doi.org/10.1109/bibm.2015.7359782

Kimei E, Kalegele K. Digitization of antenatal health card and integration with OpenMRS
platform: System analysis and design. IST-Africa. 2017;2017:1-7.
https://doi.org/10.23919/istafrica.2017.8101976

Jian WS, Wen HC, Scholl J, Shabbir SA, Lee P, Hsu C-Y, et al. The Taiwanese method for
providing patients data from multiple hospital EHR systems. J Biomed Inform. 2011;44:326-
32. https://doi.org/10.1016/j.jbi.2010.11.004

Ludwick DA, Doucette J. Adopting electronic medical records in primary care: Lessons
learned from health information systems implementation experience in seven countries. Int J
Med Inform. 2009;78:22-31. hitps://doi.org/10.1016/j.ijmedinf.2008.06.005

Gould EA, Solomon T. Pathogenic flaviviruses. Lancet. 2008;371:500-9.
https://doi.org/10.1016/s0140-6736(08)60238-x

Castro-Rodriguez R, Galera-Gelvez K, Lépez-Yescas JG, Rueda-Gallardo JA. Costs of
dengue to the health system and individuals in Colombia from 2010 to 2012. Am J Trop Med
Hyg. 2015;92:709-14. hitps://doi.org/10.4269/ajtmh.14-0386

Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ. Personal health records: Definitions,
benefits, and strategies for overcoming barriers to adoption. J Am Med Inform Assoc.
2006;13:121-6. https://doi.org/10.1197/jamia.m2025

Bost F, Jacobs RT, Kowalczyk P. Informatics for neglected diseases collaborations. Curr Opin
Drug Discov Devel. 2010;13:286-96.

Ekins S, Spektor AC, Clark AM, Dole K, Bunin BA. Collaborative drug discovery for More
Medicines for Tuberculosis (MM4TB). Drug Discov Today. 2017;22:555-65.
https://doi.org/10.1016/j.drudis.2016.10.009



https://doi.org/10.1128/cmr.00045-14
https://doi.org/10.1590/S1678-9946202163041
https://doi.org/10.1186/s12967-016-0838-4
https://doi.org/10.2147/dddt.s16381
https://doi.org/10.1186/2049-9957-3-17
https://doi.org/10.2196/jmir.7881
https://doi.org/10.26355/eurrev_202106_26057
https://doi.org/10.1016/j.ijmedinf.2008.09.005
https://doi.org/10.1016/j.jbi.2014.11.012
https://doi.org/10.4258/hir.2019.25.2.8
http://doi.org/10.1109/bibm.2015.7359782
https://doi.org/10.23919/istafrica.2017.8101976
https://doi.org/10.1016/j.jbi.2010.11.004
https://doi.org/10.1016/j.ijmedinf.2008.06.005
https://doi.org/10.1016/s0140-6736(08)60238-x
https://doi.org/10.4269/ajtmh.14-0386
https://doi.org/10.1197/jamia.m2025
https://doi.org/10.1016/j.drudis.2016.10.009

	_Hlk119911498
	_Hlk119912317
	_gjdgxs
	_myyr069eatwv
	_l1s1hpe9308o
	_xmmppht042di

