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Abstract

A significant number of healthcare delivery services in developing countries continue to adopt eHealth systems, enabled
by information and communication technology (ICT). Open source health information systems (HIS) such as OpenMRS
and Care2X are increasingly adopted in resource constrained countries including Tanzania. The exchange of patients’
information in terms of electronic medical records (EMR) between different types of HIS is challenged by the
heterogeneity. This brings challenges in integrating medical data and also interoperability of the e-medical recording
systems became complicated. In this study, we proposed a medical records exchange system (MRES) prototype for
exchange of information on OpenMRS and Care2x hospital information systems. The software development was done
using Agile methodology and implemented in a web-based application framework that allowed for ease of integration and
use of health information systems at medical facilities. The MRES allows for exchange of medical information when
patients are transferred from one hospital to another overcoming the queues and paper work involved in the process.
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1.Introduction

Information and communication technologies (ICTs)
have a significant role in transforming the lives of
Tanzanians and individuals across the world in
different aspects of education, health, and
governance. It is acknowledged that ICT has the
potential to transform the support and delivery of
healthcare services in both developed and developing
countries.

Electronic health (e-health) refers to the use of ICT
for cost-effective and secure delivery of health care
services [1]. The range of services includes electronic
health records, telehealth, mobile health services
(mHealth), and decision support systems for health
[2]. The health care delivery services are challenged
with systemic misalignment of incentives, health
records, lack of coordination, that spawns’ inefficient
allocation of resources or harm to patients
collectively termed fragmentation [3].
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Electronic medical records are generally fragmented
across multiple treatment sites which means patients’
e-medical records are distributed in different health
care services which have different types of e-medical
recording systems.

This has brought challenges in sharing information
between e-medical recording systems. Fragmentation
occurs when there is heterogeneity among the
systems which means that e-medical recording
systems have different characteristics and behaviours
but they all perform similar functions.

An electronic medical record system (or electronic
health record system) is an electronic record of
health-related information on an individual that can
be created, gathered, managed, and consulted by
authorized clinicians and staff within one health care
organization, have the potential to provide substantial
benefits to physicians, clinical practices, and health
care organizations [4]. These systems can facilitate
workflow and improve the quality of patient care and
patient safety [4, 5]. However, structural barrier on
the data model is one of the factors contributing to
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challenges in sharing of information across e-medical
records systems [6]. The inconsistency on data
models arise from the use of multiple platforms from
multiple vendors in e-medical recording systems.
This causes a significant challenge on electronic
health records, adoption in terms of connectivity
across health facilities and respective stakeholders
(e.g. physicians) [7]. The lack of data standards and
complex electronic medical recording systems is a
known major barrier in the exchange process of
patients’ information [8, 9].

This study, therefore, seeks to reduce fragmentations
among e-medical recording system data models by
developing integrated data models of e-medical
records. Data Model is one among the major barrier
to effective sharing of information in an e-medical
recording system. It is therefore important to develop
a mechanism or engine which can be used to
integrate the systems so that they can be able to share
information.

2.Health information

hospitals in Tanzania

Health services in Tanzania are provided by various
stakeholders with major providers being the
government, parastatal organizations, religious
organizations, private practitioners, traditional
medicine and voluntary organizations [10]. The
delivery of health services in Tanzania is pyramidal
in structure [11]. The bottom and the first level are
village health services, followed by dispensary health
services, health center services, district hospitals,
regional hospitals and referral hospitals at the top [12,
13].

systems  for

Statistics indicate that in Tanzania, 55 hospitals
operate at district level out of which 13 are owned by
faith-based organizations (FBO). There are 18
hospitals operating at regional level and 8
consultancy hospitals [14]. Health centers in villages
operate at the lowest level of health care delivery.
They provide preventive health services that
normally can be offered on homes. Dispensaries on
the next level provide a range of preventive and
curative measures for antenatal care, family planning,
delivery and postnatal care. In addition to services
offered by dispensaries, health centers provide basic
laboratory services [15]. Every district in the country
is supposed to have a district hospital by legislation.
Similarly, in every region, a regional hospital.
Regional Hospitals offer similar services to those at
the district level; however, they have specialists in
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various health fields and offer additional services
which are not provided at district hospitals.

Referral hospitals are on the top most level
in Tanzania. These include Kilimanjaro Christian
Medical Centre (KCMC), Mbeya Hospital, Bugando
Hospital and Muhimbili National Hospital (MNH)
[16]. The referral hospitals provide specialized care
to patients referred from lower level hospitals [17]. In
developing countries, including Tanzania, there is no
clear definition of the types of services to be provided
by each level of the health services in the pyramidal
structure. The aim of the health care pyramidal
structure in Tanzania is enabling patients to acquire
health services starting from a lower level hospital to
a higher level. In reality, many people directly start at
the referral hospitals without even going through the
lower level hospitals [14]. The extensive paper-based
operations at referral hospitals in turn affect services
at lower levels. Extensive paper works involved
during the process of referring patients to higher level
hospitals lead to health care providers at the lower
level hospitals in doubt to actually refer patients [18].
Health information is isolated within hospitals
limiting accessibility of the information when there is
a need for a person or another health center to access
the information [19]. When the specialty in the
medical field (surgeon, specialists in pediatrics,
cancer to mention a few) is required, the transfer of
responsibility for patient care between hospitals
becomes unavoidable. This in turn creates an urgent
need to improve on the communication and
information transfer between inpatient and outpatient
physicians at the hospital [20]. The existing health
information systems in hospitals in Tanzania are
summarized herewith below:

2.1Care 2X System

Care2x is an open source web based integrated
healthcare information system. The system has been
operational since 2014 and the source code is open
for customization by the client. The system functions
on both Windows and Linux operating systems
(www.care2x.org). Several health care centers and
major hospitals in Tanzania, currently use Care 2X
health information systems. These include Selian
hospital, St. Elizabeth Hospital, Arusha Lutheran
Medical Hospital (ALMC) in Arusha, Kilimanjaro
Christian Medical Centre (KCMC) and Hydom
Lutheran hospital in Mbulu [21].

Care2x hospital information system (HIS) uses open-
source software. The software includes the Apache
web server and MySQL relational database
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management system. The Care2x HIS is rich in
clinical features for handling several hospital
operations [22]. Care2x is built using PHP (Hypertext
Preprocessor). It can be integrated also with WebERP
for accounts activities like issuing of invoices and its
data model works only with MySQL relational
database management systems rather that the SQL -
SERVER, DB2, PostgreSQL. Due to this fact, it has
been challenging in sharing of data because of
different types of data formats and structures across
database management systems. Other countries that
use Care2x systems include Malaysia, India, France,
Italy, South Africa, Kenya and Egypt [22].

2.2Electronic health management system
Electronic health management system (EHMS) is a
proprietary hospital information system developed by
GPITG company. The technical support for the
system is provided by the same company. The system
has been in use at Sanitas Hospital and Kairuki
Hospital in Tanzania since 2012
(http://gpitg.com/node/38).

2.3Jeeva system

Jeeva is another proprietary health information
system, developed by Napier Healthcare Systems in
India (http://www.napierhealthcare.com). The system
has been in use at Muhimbili National Hospital
(MNH) in Tanzania since 2005.

2.4MediPro system

MediPro is a commercial hospital information system
from by Maxcom Africa Limited
(http://maxcomafrica.com). The system is in use at
the Muhimbili Orthopaedic Institute (MOI) in
Tanzania. MediPro is a proprietary system and the
technical support is provided by the supplier.

2.5Government of Tanzania health management
information system

The Government of Tanzania Hospital Management
Information System (GoT-HoMIS) is a full hospital
management information system developed locally
by the Government of Tanzania. The system is
currently in use at Tumbi regional referral hospital
and extended to district hospitals countrywide. GoT-
HoMIS operations are managed by the President’s
Office, Regional Administration and Local
Government [23].

2.6District health information system

District health information system (DHIS) is a
national data warehouse for collection, validation,
analysis, and presentation of aggregate statistical
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data, tailored to integrate health information
management activities. The DHIS is an open source
and open meta-data model tool with a flexible user
interface which allows the user to design the contents
of a specific information system with minimum
knowledge of programming. DHIS2 and upwards is a
modular web-based software package built with free
and open source Java frameworks [24]. It runs on any
platform with a Java Runtime Environment (JRE 6 or
higher) installed. In Tanzania, DHIS2 is managed by
the Ministry of Heath, Community Development,
Gender, Elderly and Children [25]. DHIS2 software
is used in more than 40 countries in Africa, Asia, and
Latin America, and countries that have adopted and
implemented DHIS2 as their nationwide HIS (Health
Information  System) software include Kenya,
Tanzania  (https://dhis.moh.go.tz/), Bangladesh
Uganda, Liberia, Ghana, and Rwanda. An increasing
number of organizations across countries are starting
up new deployments of DHIS.

2.70penMRS

OpenMRS is an open source hospital information
system. It is user friendly, requiring minimum
programming skills to customize medical records
modules [11]. It, however, requires domain expertise
and knowledge in medicine. The table structure of
OpenMRS system is conceptually and independent of
the collected medical information or the forms to be
used. This factor has the advantage to allow for
customization on the basis of different user needs. A
module called concept dictionary on OpenMRS
stores all the diagnosis, tests, procedures, drugs, and
other general questions and potential answers. The
operation is achieved on the basis of the principle that
information should be stored and accessible to
summarize and analyze. The conceptual dictionary
module allows for minimum usage of free text and
maximum utilization of coded information. The
components of OpenMRS are open source with free
downloadable resources. The plug-in is the only
component licensed in Microsoft’s InfoPath program
for data entry. OpenMRS is a low-cost solution for
hospital information systems currently utilized in
developing countries of Sub-Saharan Africa in
Uganda, Kenya, Zimbabwe, Rwanda, Malawi,
Tanzania, Lesotho and South America in Peru and
Haiti. In Tanzania, OpenMRS is implemented at the
Tanzania Training Center for International Health in
Ifakara, Morogoro and Simiyu Region [11].

3.Materials and methods
In this study, the Agile methodology was used in
software development. The Agile methodology has
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three objectives; a focus on adaptive rather than
predictive methodologies; a focus on people rather
than roles and thirdly a self-adaptive process [26].
The Agile development process is suitable in this
research since it is difficult to predict in advance that
which software requirements will persist and which
will change. The Agile development consists of the
following steps which are high level analysis, high
level planning and a series of iterations which each
iteration includes development and testing. In this
methodology, it means that each
module/functionality in the system undergoes a series
of iterations and development on each iteration took
between one and four weeks (1 to 4 weeks) to
complete. It is equally a challenge to predict how
customer properties will change as the research
proceeds. Extreme Programming (XP) which is the
most widely used Agile software development
approach will establish the foundation for the
development of the model. XP uses and object-
oriented approach for development with four main
activities: planning, design, coding and testing [26,
27].

4.Results for medical records exchange

system (MRES) prototype
The medical records exchange system (MRES) is a
prototype developed in this study for integrating data
models for OpenMRS and Care2X systems. It is a
web-based application with a central database
containing all treatment and medical history of the
patients in one practice. In designing an engine, the
data flow across the two systems was considered. The

MRES system has a central database which provides
an exchange of data across OpenMRS and Care2x
systems and it can be connected and shared /
exchange data within the network and the network
can be a local area network (LAN), metropolitan area
network (MAN) or wide area network (WAN) or
Internet. The conceptual framework of the proposed
prototype is indicated in Figure 1 and the
corresponding Entity Relationship (E-R) diagram
which describes the database is indicated in Figure 2.

The implementation of MRES was done in PHP and
MySQL, a relational database management system on
the backend. PHP is cross-platform; highly
supported; open source with ease of integration on
web application frameworks. On the other hand, the
MySQL database was selected in the development of
MRES since it is scalable and robust; open source
with data integrity assurance of compliance to ACID
properties.

The second iteration involved the design of
“sendmail” module. In MRES the “sendmail” module
is used to send email to the other hospital to provide
notifications for the patients transfer to the other
facility. It also contains a capability to attach any
document which contains details of the patient. The
development of this module involved simple mail
transfer protocol (SMTP) and post office protocol
version 3 (POP3). Figure 3 and 4 shows a screenshot
of the send mail module on MRES.

Sharing of Information

Engine (MRES)
OpenMRs| D3ta Data Care2x
Model Model

\ 4

Sharing of Information

Figure 1 Conceptual framework
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Care2x.person

Person-sex
Person-name

Figure 2 E-R Diagram for MRES

Figure 3 Homepage for tHé MRES .

Send Mail

Send Mail

Figure 4 MRES “sendmail” module
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5.Conclusion

MRES is one of the solutions which help to reduce
fragmentation and overcoming barriers in sharing of
data and exchanging information in electronic
medical recording systems. The existing electronic
medical recording systems have different data
structure and they run on different platforms such as
Windows, Linux and MAC Operating systems. They
use different relational database management system
like SQL server, Oracle, PostgreSQL, and MySQL.
So exchange and sharing of data becomes difficult. It
is recommended for future works to focus on
integrating more than two electronic medical
recording systems that are open-source with other
commercial medical recording systems. A mobile
based application for MRES is recommended to
ensure patients are cared throughout. It is
recommended testing of the prototype in the live
environment and also further research on security
issues. MRES promises to increase efficiency for the
physicians and other medical staff by automating one
of the most mandate and time-consuming processes.
The ability to process a request in a short time period
will significantly reduce costs by reducing the time
spent on collecting the required information
manually; improving response time for patients
seeking insurance and allowing better utilization of
staff resources within the practice. The MRES will
allow a clinician to track data over time, easily
identify which patients are due for preventative
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screenings, check how patients are doing on certain
parameters such as blood pressure readings or
vaccines and monitor and improve overall quality of
care within the practice. An MRES will make the
process of sharing of patients’ information easier,
more accurate and comprehensive and more efficient.

When a patient moves from one health center to the
other he / she needs to start the registration process
again because there is no integration between the
health information systems across hospitals which
will enable them to share data / information and
reduce fragmentation of data. The MRES prototype
provides a solution for interoperability between
OpenMRS and Care2x system which by using
MRES, the OpenMRS and Care2x systems can be
able to share basic information of data.
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