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Abstract
With the continued expansion of mobile technology around the globe, and the persistent lack of universal Internet connectivity, the use of mobile phones in public health presents a new opportunity to improve health services delivery.  This intersection of mobile technology and public health, known as mHealth, offers four distinct applications for international development, including drug adherence and remote monitoring, remote dissemination of information, data collection and disease outbreak surveillance, and diagnostic treatment and support.  Several programs have addressed these mHealth applications, but those that are most effective utilize open-source coding, are not reliant upon the Internet, and have great potential for scalability.  Among the most promising projects in 2009, FrontlineSMS presents the best model for public health programs and includes applications for information dissemination and medical record data collection.
1.  Introduction
Mobile health, or mHealth, has great potential to improve health services delivery in the developing world.  mHealth harnesses the increasing presence of cell phones among diverse populations and uses phones to deliver increased healthcare services to those receiving incomplete care.  A successful mHealth project will be driven by the needs, environment, and existing technology of local users in light of recent experience.  Collaboration with local organizations and government as well as the ability of the program to develop organically within the targeted population are the only ways to ensure both long-term sustainability and scalability.  For effective implementation, a mHealth solution must start on a small scale with relatively simple cellular technology, and the best and most cost-efficient pilot will be open source.  A pilot project that reflects these characteristics—understanding the mobile context of end-users, building on past experience, and making the program scalable and open source—holds the greatest potential to improve public health services delivered in the developing world.
2.  Understanding the Mobile Context
mHealth is a subset of the wider field of ICT4D (information and communications technology for development), within the sphere of e-health.  E-health, known since the 1960s as telemedicine, refers to any process that enables healthcare delivery from a remote location, through “tools that facilitate communication and the processing and transmission of information by electronic means, for the purpose of improving health (including health promotion, human resources for health, and health-service delivery).”
  Mobile phones hold great promise for improving public health in the developing world as a “leapfrog technology.”  Leapfrogging allows users in remote locations to bypass landlines and purchase a mobile device as their first phone; indeed, the total number of mobile phones surpassed the number of fixed lines in 2002
, and no technology has ever spread faster around the world.
  By mid-2007, mobile networks covered ninety percent of the global population,
 and by the end of 2008 there were an estimated four billion mobile phone subscriptions, comprising almost two-thirds of the world’s inhabitants.
  Furthermore, virtually all new mobile customers in the coming years will be from developing nations.
  Meanwhile, in 2007, less than five percent of the population of low-income economies had access to the Internet, and those that did were largely in urban centers.
  As a result, mHealth offers greater versatility and application for health services delivery than the Internet.

The number of mobile subscriptions alone, however, does not give a completely accurate depiction of the number of people that actually have access to a cell phone in the developing world.  This number is an overestimate because some individuals, especially in Europe, have multiple subscriptions; for example, tourists buy temporary phones in foreign countries, and many phones, especially in the developing world, had a certain number of prepaid minutes that have since been exhausted.
  More likely, however, the number of subscriptions is an underestimate because of the high degree of sharing of mobile phones between family and friends in developing countries.  Combining the overestimate, which accounts for a seventy-five percent reduction in the number of subscriptions per country, and the underestimate, recognizing two people per mobile, the number of subscribers is still about 1.5 times the current approximation that fifty percent of people in the developing world have a cell phone.  Using this new calculation, sixty-six percent of Africans have access to a mobile device, which constitutes about 615 million people.
 The pervasiveness of this technology has sparked great innovation to use mobile phones to improve public health.

Given the rapid expansion of mobile technology around the globe, the phones are an attractive tool for development for several reasons.  A wireless network is much less expensive to build and maintain than a fixed-line infrastructure, and is faster and simpler to set-up in resource-constrained environments.
  Furthermore, in many countries, short message services (SMS) are cheaper than a phone call, which makes using a mobile device more attractive than a fixed line.
  Users in the developing world also benefit from the payment scheme that many wireless providers offer.  They are able to purchase a phone card with a certain number of minutes and, even if the minutes are exhausted, the user can still receive calls and SMS.
  Cell phones are also much simpler to use than the Internet for those who are unfamiliar with complex technology.
  In a study conducted in Latin America, many users found the Internet overwhelming as a tool to find information and recognized its potential for disseminating misinformation.
  Study respondents reported discouragement because many Internet pages were written in English, and were therefore inaccessible for those who do not speak the language.
  Personal mobile phones and SMS offer users privacy and anonymity that they would not experience using a fixed line, fostering a particularly strong application for mHealth.   SMS are also saved on the mobile server until the phone returns to an area with wireless coverage or is activated, so it ensures that the user receives the message, unlike a phone call under the same circumstances.
  A delivery receipt can be attached to the message so the sender is notified when the recipient has received the message.  With these applications, mobile phones and SMS hold great potential to benefit health workers, patients, and public health practitioners throughout the world.

The field of mHealth has evolved since 2003 and the majority of projects remain in the pilot stage.  An extensive body of literature has yet to be developed, so the long-term implications of mHealth have yet to be formally evaluated.  Even with the existence of few formal studies, however, many pilot projects have shown great success for their duration.  These successes have identified principles that can be used to generate positive outcomes in future pilots.  The following case studies examine projects in each of these four areas, and assess their strengths and weaknesses.  The selection of these examples is not meant to illustrate projects that are necessarily the most prominent in the field, rather, those that have been successful because of certain characteristics and the nature of the program.  A more complete list of significant mHealth projects throughout the world is attached in Appendix A.
3.  Building on Past Experience

While long-term studies that confirm the strength of mHealth programs are not available, several diverse projects have showcased mHealth as a tool for public health practitioners.  What follows is not an exhaustive review of all mHealth projects in place in 2009, but instead a thematic overview of the diverse ways in which several mHealth projects have approached the intersection of cellular technology and public health in.  These four themes—drug adherence and remote monitoring, remote dissemination of information, data collection and disease outbreak surveillance, and diagnostic treatment and support—represent approaches or best practices for mHealth.
a. Drug Adherence and Remote Monitoring

Several mHealth pilot projects have been developed to increase drug adherence, especially with diseases such as tuberculosis, HIV, diabetes, and asthma for which drug adherence is especially critical.  In many areas, to ensure adherence to treatment, patients must walk many miles to clinics to receive and take medication in the presence of a health worker.  Often this is not possible because of distance, lack of transportation, bad weather, or a worsening condition that prevents them from leaving home.  Alternate mHealth solutions have been developed to counteract these challenges and the SIMpill has been found to be an effective mHealth technology for drug adherence and monitoring.  Participating patients receive the SIMpill bottle, which holds medicine, and the medication schedule is programmed into the device.  When the patient opens the bottle, an SMS message is automatically sent from the bottle’s SIM card to the patient’s clinic, which records that the medication has been taken.  If the patient neglects to take the medication on schedule, an SMS message is sent to the patient’s mobile phone.  If the patient still does not comply within a certain timeframe, an SMS message is sent to the mobile of a designated caregiver, family member, or friend advising that the medication has not been taken.  If the patient takes the medication outside of the prescribed timeframe, an SMS is sent to their cell phone warning them that the medication should not be taken at the later time, and advises when next to medicate.  The results of SIMpill use are easily analyzed because the device tracks patient compliance.  During a trial with tuberculosis patients in South Africa, the system delivered a ninety-four percent compliance rate, and a ninety-two percent cure rate,
 compared to the typical sixty percent compliance rate without the system.
  This success was largely due to the simple and persistent nature of the device.  
Collaboration with local organizations is also important for sustainability.  In South Africa, SIMpill partnered with Tellumat, a Cape Town-based technology company that focuses on the innovation and the development of cutting edge technological products and services.  Despite this success, there are some barriers to using the SIMpill as a sustainable, scalable solution that would allow it to make an impact on public health.  The greatest hindrance is that it is web-based, which means that the computer that stores the adherence information and sends out automated SMS must have Internet connectivity.  The Internet in the developing world is unreliable, very expensive or absent altogether, which severely limits the wide-extension of SIMpill technology.  The SIMpill program is built on proprietary software, meaning that the source code is closed.  The importance of open-source software will be further discussed below, but proprietary software raises the cost of development and increases the chance of code problems.  Another barrier to widespread uptake, especially among HIV and tuberculosis patients, is that the SIMpill device could become an object associated with these diseases, and thus stigmatize the patient.  Projects that solely use a mobile phone might be met with less resistance because they are already common in the community.  Also, the SIMpill must be imported and does not make use of the existing technology in the country of implementation, therefore making it a more expensive solution to adopt.  Since the devices are not produced locally, SIMpill would have to continue providing the devices, or the clinic would have to raise the money to buy them in order to be cost effective.
b. Information Dissemination

The pervasiveness of mobile phones is also being harnessed to spread health information, especially about sexual health and HIV prevention.  Project Masiluleke is working to reverse the HIV and tuberculosis epidemics in South Africa.  In light of the social stigma associated with these infections there can be a strong aversion to testing and treatment.
  The first stage of this multi-faceted project utilized the blank character space in “Please Call Me,” or PCM, messages that are widely used in Africa because they are free for the sender, and can even be sent from a phone that no longer has call minutes.  The project launched in test form in October 2008, and is scheduled for a full launch in 2009.  One million PCM messages per day for one year will contain contact information of local HIV and tuberculosis call centers to connect the population with health information.  The next phase of the project will also advertise virtual call centers, which consist of ‘“gold star’ patients [who are] extremely knowledgeable about their illness, diligent about their treatment regimen, and intimately familiar with the weight of an HIV+ diagnoses” who will counsel patients from their mobile phones.
  The project also incorporates a treatment adherence program, which uses the Praekelt Foundation’s txtalert system to remind patients of their scheduled visits to the clinic via SMS.  Another project in Uganda called Text-to-Change sends out quizzes and information about HIV prevention and testing via SMS, and those who pass the quiz and get tested are awarded airtime.
Projects for remote health information dissemination like Project Masiluleke and Text-to-Change have been very successful.  In just five months after the launch of Project Masiluleke, calls to South Africa’s National AIDS helpline had quadrupled.
  The main factor behind this success is the simplicity of the project, and that it takes advantage of the already widespread use of PCM messages, instead of introducing a new technology to the local community.  This project is also collaborative, which allows for much simpler widespread implementation once it has been evaluated after the conclusion of the pilot stage.

c.  Data Collection and Disease Outbreak Surveillance
The largest concentration of mobile applications for health is that of remote data collection.  Created by DataDyne.org, EpiSurveyor is an open-source application that allows the user to create a form online that can be downloaded and filled in on a smart-phone such as Blackberry.  The collected information can then be sent back to the computer at a central clinic and analyzed in real time.  Given the ease and speed with which health workers can collect data using EpiSurveyor, clinical teams are much more likely to do it, and with much more accurate results.
  EpiSurveyor has been most widely used to track the outbreak of diseases, as community health workers can track symptoms of their patient and the data can be aggregated and analyzed immediately.  The program was used in Zambia to record the percentage of children vaccinated for measles, and elsewhere to monitor stocks of essential drugs in a region’s health clinics.
  This transition towards electronic data is another example of a leapfrog technology that will expedite accurate and accessible medical record keeping.

EpiSurveyor is used by regional health officers in every country of sub-Saharan Africa, and is supported by the mHealth alliance, established by the UN Foundation-Vodafone Foundation Technology Partnership.  Like other successful mHealth innovations, EpiSurveyor is easy to use, and has extensive videos and descriptions online that assist the first-time user to utilize the tool.  Health workers also prefer the software to other PDA-based platforms, because they only have to carry their mobile phone and do not need to use an electronic stylus.
  EpiSurveyor is completely open-source, which means that the software source code is available for anyone to view and modify.  This allows the project to be cheaper, collaborative, and suitable for rapid design revision and modification.  This local participation in development and modification is important for project sustainability.  EpiSurveyor, however, only runs on smart-phones, which are still rare in the developing world and EpiSurveyor requires a stable Internet connection to develop the forms and receive and analyze the data it collects.  A web-independent solution that runs on simpler phones would be more effective.
d.  Diagnostic Treatment and Support
mHealth innovations are also used to provide remote support and guidance to community health workers for patient diagnosis and treatment recommendation.  The HIV Support software developed by Dimagi, Inc. provides health workers with a survey on a Windows smart-phone that guides them through questions to ask patients, allows them to input their responses, and then gives a treatment recommendation.  The data stored on the phone can be synchronized with an Internet-connected computer.  Using the HIV Support software, health workers can deliver a higher quality of service.  Programs like this one that provide continuing education for health workers can make a noticeable difference in the public health of the country, and can change standard practices of care.

While HIV Support allows for better delivery of health services, the program is unlikely to sustain itself.  Concurrent with the difficulties encountered by many other mHealth interventions, the HIV Support software only runs on smart-phones, and not all types.  Presently, smart-phones are very scarce in the developing world, and the infrastructure for their maintenance and technical support does not exist in remote locations.  Furthermore, in order to store the collected data, an Internet connection is required which may prove a problem for rapid use in the field.
4.  Scaling-Up and Open Source

Free and open source software allows for the most cost-effective and efficient mHealth project.  The cost of development is diminished because the company does not have to employ as many programmers, as they have access to the whole developer community; it also eliminates the need to purchase licenses.
  With so many more people reviewing the source code, bugs are less likely and a higher quality program is developed.  Open source projects also help the field of mHealth and the people they serve because they encourage collaboration within groups, not competition.  The Open Mobile Consortium was launched in May 2009 to actively promote collaboration and advocate for open source solutions.  Many of the organizations mentioned in this paper are members of that consortium.

The program that has the most potential for scalability and sustainability is FrontlineSMS.  Developed by Ken Banks of kiwanja.net in partnership with the MacArthur Foundation and the Open Society Institute, FrontlineSMS is a completely web-independent program that is open source and is even compatible with simple mobile devices that pervade the developing world.  The software is free of charge, and is available online for a very simple, one-time download.  Once installed on the computer, a mobile phone is connected to the computer by USB cable, and the program runs offline.  The software allows the user at the computer to send one-to-many text messages, but also allows satellite health workers to send SMS back to the main database.  There is also a keyword function that sends an automatic response to the health worker when a certain word appears in an SMS.  FrontlineSMS: Medic is a mHealth project that has launched in Malawi over the past two years and has allowed health workers to record patient data more accurately and in real time.  Patients’ medical records are stored electronically on the central computer, and can be accessed and updated remotely. Health workers save time and money because they can stay away from the central clinic for longer periods of time as they do not have to turn in the collected data by hand, and they can use their cell phone to ensure a patient is available to avoid a wasted house call.  
5.  Conclusion and Guiding Principles

FrontlineSMS serves as a strong model for mHealth and health services delivery.  FrontlineSMS is sustainable because it is tool that is introduced into a community, for which community members in turn identify applications.  In this way, FrontlineSMS performs functions that the community has deemed important, instead of meeting a need identified by an outside organization.  The technology is simple to install and use, and it employs the locally-available technology rather than importing new technology that has little hope of sustainability.  FrontlineSMS is open source, which allows it to continue to be free for users and makes for a more effective program; the model has spread across the globe, and is used in a variety of different ways and applications.

mHealth has been shown to be able to greatly improve the health and lives of many individuals in the developing world.  As more pilot projects are deployed, some will fail while others will deliver exciting successes, but the outcome depends on characteristics of the projects to determine whether they can be scaled up for widespread sustainable use.  Previous practice has illustrated success through remote drug monitoring, information dissemination, data collection, and diagnostic support.  If a project meets the needs of the population and uses existing technology, is relatively simple, has the ability to develop within the population to meet varying needs, and collaborates with local organizations, it has the greatest chance of bridging the gap between knowledge and action to save lives.

	Organization Name
	Project Name
	Category
	Description
	Country
	Beginning Year
	Collaborators

	AED Satellife
	GATHER
	Data Collection, Outbreak Tracking
	Built on JavaROSA, collect data on PC, PDA, mobile (via SMS or voice)
	Uganda
	
	Dimagi, Inc., Rockefeller Foundation, Uganda Ministry of Health

	
	GUIDE
	Data Aggregation
	Converts clinical and health docs. into a mobile-compatible format
	
	
	

	
	Mozambique Health Information Network (MHIN)
	Data Collection & Clinician Support


	PDA-based app. to collect public health data
	Mozambique
	2006
	IDRC, MISAU, Ministry of Science and Technology

	
	Uganda Health Information Network (UHIN)
	Data Collection & Clinician Support


	PDA-based app. to collect public health data
	Uganda
	2003
	IDRC, Uganda Chartered HealthNet (UCH)

	Cell-Life
	Cellphones 4 HIV
	Info Dissemination, Treatment Adherence
	Broad range of SMS uses to combat HIV
	South Africa
	
	

	
	EMIT
	Data Collection
	Fill in forms via mobile or PC, send and analyze in database
	South Africa
	
	

	
	Intelligent Dispensing of ART (iDart)
	Administrative Organization
	Software to aid pharmacists in dispensing the correct amounts of ARV and track stores
	South Africa
	
	

	D-Tree International
	e-IMCI
	Clinician Support
	Walks clinician through IMCI (Integrated Mgmt. of Childhood Illness) process on PDA to ensure proper care
	Tanzania
	
	Dimagi, Inc., the Rockefeller Foundation, WHO and the Jerre D. Noe Professorship

	DataDyne
	EpiSurveyor
	Data Collection
	Create form online, download and fill out on PDA or SmartPhone, send in via SMS
	20 Countries in Africa
	2003
	UN Foundation/Vodafone, WHO

	Dimagi, Inc.
	Ca:sh (community accessible and sustainable health system)
	Data Collection
	Data collection, appt. scheduling, via PDA
	India
	
	Media Lab Asia (part of the Ministry of ICT India), and All India Institute of Medical Sciences

	
	CommCare
	Data Collection and Clinician Support
	Help organization CHW and collect data
	Tanzania
	
	D-Tree International

	
	HIV Confidant
	Remote Monitoring
	Confidential reveal of HIV test status via mobile phone and unique ID code
	South Africa
	2003
	none

	
	HIV Support
	Clinician Support
	Runs on SmartPhone, walks patient through survey for better diagnosis and gives treatment recommendation
	South Africa
	2005
	D-Tree International, the Harvard School of Public Health and the Harvard University Program for AIDS (HUPA)

	FrontineSMS
	FrontlineSMS
	Data Collection, Outbreak Tracking, Clinician Support
	Software on laptop at clinic allows one-to-many SMS
	Global
	2008
	

	Nokia
	Data Gathering
	Data Collection
	Create custom questionnaires, send to mobile phones of CHWs, sent back to server wirelessly, data analysis
	Brazil
	2008
	Amazonas State Health Ministry

	Pop! Tech Accelerator
	Project Masiluleke
	Info Dissemination, Treatment Adherence
	1 mil. SMS/day encouraging people to be tested, also mobile counseling & reminders for appt. and drugs
	South Africa
	
	Praekelt Foundation, iTeach, frog design, MTN, Nokia Siemens Networks, National AIDS Helpline, National Geographic Society, Ghetto Ruff Records, Children of South African Legacies, Aricent

	SIMpill
	SIMpill Solution for TB
	Treatment Adherence
	When pill bottle opened, SIM card sends SMS to clinic, if meds not taken, reminder SMS sent to patient, if still don’t respond, clinician visits home
	South Africa
	
	Tellumat

	Text To Change
	Text To Change
	Info Dissemination
	Participants respond to mobile HIV quiz via SMS, get free air time, encouraged to get tested
	Uganda
	
	Zain (previously Celtel), the local NGO AIDS Information Centre (AIC), the Dutch Ministry of Foreign Affairs and Merck

	UNICEF Innovation
	RapidSMS
	Data Collection, Outbreak Tracking
	Collect data on mobile, transmit by SMS to web-based server, can also send out bulk SMS
	Ethiopia, Uganda
	2008
	

	Ushahidi
	Ushahidi
	Outbreak & Disaster Tracking
	Software used to monitor events – anyone can SMS event to site (i.e. disease or disaster)
	Global
	
	

	Voxiva
	AESSIMS (Acute Encephalitis Syndrome Surveillance Information System)
	Outbreak Tracking
	Use mobile phone to report incidences of encephalitis to AESSIMS, decision makers access and analyze data
	India
	
	Program for Appropriate Technology in Health (PATH) and the Government of Andhra Pradesh

	
	Health Watch
	Outbreak Tracking
	Health workers report incidence of disease to health officers through many means, including mobile, health officers quickly analyze data and respond
	India
	2005
	None

	
	Nacer
	Clinician Support, Outbreak Tracking
	Centralized database hold info that can be accessed and updated by remote workers, hospitals, etc. – monitor patients, give referrals, track supplies, disease outbreak tracking
	Peru
	
	USAID-funded Pathfinder International program, Ministry of Health of Peru and Peru’s Regional Health Directorate of Ucayali

	
	Phones for Health
	Data Collection
	Download application to mobile, collect data, send back to server, available for analysis and access of health officers, also send public health alerts, order meds, disseminate treatment guidelines
	Peru, India, Rwanda
	
	The GSMA Development Fund, PEPFAR, Accenture Development Partnerships, Motorola, MTN
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