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Abstract  

Introduction: Non-attendance and delay for vaccination schedules remains a big challenge to healthcare 
workers. Among the frequently mentioned reasons for missed vaccination in children is forgetfulness of 
caretakers to show up in vaccination schedules. This necessitates developing an automated reminder 
system with integration of mobile technologies. 

Objectives: This paper aimed to develop and test an automated mobile text message reminder system 
in the local context of Ethiopia. 

Methods: This system is developed using iterative development process through phases of requirement 
analysis, design, development, testing and refinement. Requirement gathering was done before 
development of the system. Front end application was developed using java technologies while back 
end applications were developed with oracle database. Finally, pilot testing of the automated reminder 
system was done on 30 participants. 

Results: The automated system has been developed based on requirements. The text message reminder 
system has two components: 1. Web based application for client registration and automatic reminder 
scheduling; 2. SMS application for automatic SMS text messaging. In the pilot testing, all the text 
messages (100%) were dispatched from the automated system to the respective participants. Finally, 
the system has shown a notification that the text messages have been sent successfully. 

Conclusion: Text message reminder system has been developed for routine childhood immunization 
program in Ethiopian context. Text message based mHealth interventions should be carefully designed, 
developed, tested and refined before actual implementation. 
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Introduction 

Childhood immunization is one of the most successful strategies to prevent illness and death 

from VPDs (vaccine-preventable diseases) [1,2]. To effectively control VPDs, maintaining high 

vaccination coverage is required with the target of the WHO to reach 90% coverage [3]. The 

WHO initiated the EPI program in 1974 [4] and in Ethiopia, it was launched in1980 [3]. 

The total number of antigens in the Ethiopian national schedule reached to eleven following 

introduction of additional vaccines like Hib and Hep B, PCV, Rota and IPV vaccines in 2007, 

2011, 2013 and 2015 respectively [3]. The Ethiopia immunization program considers a child to 

Abbreviations 

BCG Bacille Calmette Guérin 
DPT Diphtheria-Pertussis-Tetanus 

EDHS Ethiopian Demographic and Health Survey 

EPI Expanded Program on Immunization 

FMOH Federal Ministry of Health 

Hib Haemophilus Influenza Type B 

mHealth Mobile Health 

OPV Oral Polio Vaccine 

PCV Pneumococcal Conjugate Vaccine 

RCT Randomized Controlled Trial 

SMS Short Message Service 

VPDs Vaccine Preventable Diseases 

WHO World Health Organization 

* Corresponding Author: Email: Zelekeabebaw7@gmail.com 

DOI: 10.5210/ojphi.v11i2.10244 

Copyright ©2019 the author(s) 

This is an Open Access article. Authors own copyright of their articles appearing in the Online Journal of Public Health Informatics. 
Readers may copy articles without permission of the copyright owner(s), as long as the author and OJPHI are acknowledged in the copy 
and the copy is used for educational, not-for-profit purposes.  

mailto:Zelekeabebaw7@gmail.com


Development of automated text-message reminder system to improve uptake of child  
vaccination in Ethiopia 
 

 

 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 11(2):e15, 2019 

OJPHI 

be fully vaccinated if the infant has received BCG, 3 doses of DPT-HepB-Hib, 3 doses of 

pneumococcal, 2 doses of Rota virus vaccine, 4 doses of OPV, IPV and a dose of measles before 

the age of one year [3]. 

Table 1: Schedule of EPI in Ethiopia 

Age Visits Vaccines 

At birth 1 BCG, OPV0 

6 Weeks 2 DTP-HepB1-Hib1,OPV1,PCV1,Rota1 

10 weeks 3 DTP-HepB2-Hib2,OPV2,PCV2,Rota2 

14 Weeks 4 DTP-HepB3-Hb3, OPV3, PCV3,IPV 

9 Months 5  Measles 

In order to successfully control and eliminate vaccine-preventable infectious diseases, timely 

vaccine coverage has to be achieved and maintained as scheduled [5]. However, substantial 

proportions of children in many countries still fail to benefit from all basic vaccines and VPDs 

still pose a public health risk [6] with the highest rates of child mortality still in Sub-Saharan 

Africa [7]. Ethiopia has also the second largest number of incompletely vaccinated children from 

Africa, next to Nigeria [8]. 

In Ethiopia, the EDHS survey report has shown a steady progress in EPI coverage where all 

basic vaccination coverage increased from 14% in 2000 to 39% in 2016. In terms of timeliness, 

the 2016 EDHS report indicated that only 22% of children were vaccinated by the appropriate 

age [9]. Such suboptimal coverage coupled with the untimely vaccination of children has 

contributed to outbreaks of vaccine- preventable diseases frequently [9-11]. The WHO also 

recommends that vaccines must be given before the first birthday within a specified vaccination 

schedules and intervals [12,13]. 

Among the frequently mentioned reasons for missed vaccination in children is the lack of 

communication between child caretakers and health workers [14-16]. From previous studies; 

prior reminder not given (32.9%), mother’s forgetfulness (26.6%), mother being too busy (27%), 

being unaware of the need to return for subsequent doses (19%) and unknown place of 

vaccination (16%) were the major contributing factors for missing the vaccination doses and not 

vaccinating on time [17-20]. This necessitates developing an appropriate vaccine delivery 

strategy with integration of mobile technologies [21-23]. 

In order to improve access and quality of care, the Federal Ministry of Health of Ethiopia has 

recognized and positioned eHealth as a key transformation enabler [24]. To this end, mHealth 

technologies offer opportunities to advance the healthcare delivery and improve attendance to 

health facilities [25]. 

Mobile communications technology has the potential to enhance adherence to health care 

services by facilitating interactive and timely access to relevant information [26]. The short 
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message service (SMS) is one of the most widely used mobile communication method that is 

capable of sending and receiving text messages as a means of communication. SMS based 

services are now more attractive to service providers and users as a result of the recent mobile 

phone use penetration and the large scale adoption of the existing services by users [26]. 

Hence, mobile text message reminders are among the cost effective ways to improve attendance 

for health programs. Different studies in Bangladesh [27], Beirut [28] and Pakistan [14] 

demonstrated that a mobile phone intervention can improve child health services. 

Although mHealth interventions are promising in health care, little is known about current 

practice in developing countries, including sub-Sahara Africa where mHealth is a relatively new 

concept and questions arise regarding the feasibility of the technology [15,16]. The successful 

implementation of SMS based mHealth interventions also demands development of automated 

reminder systems with the current knowledge of the local context [29]. Therefore, this paper 

reports the development and testing process of text messaging reminders that could improve 

timeliness and coverage of routine child hood vaccinations in Ethiopia. 

Objective 

To design, develop and test an automated text messaging reminder system for the routine child 

immunization program in Ethiopia. 

Methods 

Description of the automated reminder system 

This automated reminder system is a web based application developed as an mHealth 

intervention package for a randomized controlled trial study that will assess the effectiveness of 

text message reminders in improving completeness and timeliness of routine immunization 

program in North-West, Ethiopia. 

Study design 

The following specific methods were considered during design and development of the 

automated reminder system: 

• Conducting a requirement gathering and analysis 

• Conducting a thorough architectural designs of the application in various platforms 

• Conducting a complete database designs 

• Conducting the necessary user interface designs of the final output 

• Coding different components and integrating them to deliver the first prototype of 

the system 

• Testing the prototype through various mechanisms 

• Completing the whole system from the prototype and the feedbacks gained 
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Development of the -system 

The system is developed using iterative development process. The development process was 

conducted through consecutive steps summarized in the table below (Table 2). 

Table 2. Text message reminder system development steps 

Step 1: 

Requirement 

gathering 

Step 2: Designing 

the automated SMS 

reminder system 

Step3: 

Development and 

testing of the 

automated SMS 

reminder system 

Step 4: Pilot 

testing of the 

automated 

reminder 

system 

Step 5: Refinement 

and finalization of 

the system 

Requirement gathering 

Two methods were used to gather need assessment. The first method was observing the EPI 

work flow of health facilities and making an interview with relevant stakeholders. The second 

method was by exploring information from secondary sources of data (Figure 1). 

 

Figure 1: Requirement gathering for the text message reminder system development 

System design and development 

System design: It illustrates how the vaccination reminder system via text message alert 

operates (Figure 2). First, caregivers who decided to use the system will be registered in nearby 

health facilities. During the registration, information on the caregivers and child will be stored. 

This includes data on caregiver’s mobile number and date of birth of the registered child. 
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Figure 2: Text message reminder system architecture for routine child vaccination 

Automated system development 

They system is developed using front end and backend technologies. For the front end 

development java technologies have been used. For the back end, oracle database has been used. 

The system is developed with prime face technologies so that it have flexible graphical interfaces 

and it is easy to use. 

Technologies used 

In this automated system development, the following hardware and technological software 

products were used: 

Hardwares used for system development 

The system development needed different hardware materials including: 

• Personal computer (PC) 

• Flash disc 

• Sirreta Modem: This modem is used to handle the SIM card. 

Sofwares used for system development 

• Glash fish server: We have used this web server for development and deployment. 

• Edraw Max: It is a graphics software that makes it simple to create professional 

looking flowcharts, workflows, program structures, web design diagrams and 

database diagrams. 
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Automatic text message feature design 

Each text message was designed within the length of standard characters limit designed for 160 

character. Based on the prior assessments text messages were developed both in Amharic and 

English languages. Each text message will be dispatched automatically to caregivers from the 

computerized system. 

SMS messaging components with large scale text messaging programs require specialized 

software applications and services to handle message content, automatic scheduling, and 

message routing services to deliver messages via multiple cellular network carriers. In this 

system, an SMS gateway encodes and routes text messages. 

In case of delayed vaccinations, where a child didn't get vaccines on schedule, re programing 

will be done to occur after 4 weeks from the previous dose. For example, if a pentavalent 

vaccination is given later than the scheduled date, then text message reminders for the 

subsequent pentavalent dose will be reprogrammed to occur at 4 weeks from the date of vaccine 

receipt as per the national immunization guidelines. 

Results 

The automated reminder system was developed in two phases. The system design and 

development was completed on November, 2018 and piloting the automated text message 

reminder system was completed on March, 2019. 

Design and development of the automated reminder system 

An automated web based application for client registration, automatic reminder scheduling and 

automatic text messaging has been designed and developed. Based on the requirement gathering, 

initially the content, frequency and duration of the text-messages were designed. The developed 

text message contents were discussed with research team, selected health workers and mothers 

for refinement. Second, a computerized distribution system was developed on a desktop server 

interfaced with the network of a local mobile service provider through a global system for 

mobile communication modem. The automated reminder system underwent repeated refinement 

before the pilot testing. 

Pilot testing of the automated reminder system 

Pilot testing of the automated system involved 30 participants. In the pilot testing, all the 30 text 

messages (100%) were automatically dispatched from the application software to the 

participants. In addition, the system has shown notifications that the text messages have been 

sent for respective participants successfully. 

Interface design and features of the reminder system 

The automated reminder system has two components: 1. Web based application for client 

registration and automatic reminder scheduling; 2.SMS application for automatic SMS text 

messaging. The features of the automated reminder system has been presented as follows: 
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1. Login page: This page welcomes the user to the reminder system application. The 

reminder system has a secured log in page which enables users to access the 

system based on their access privilege. Only authorized users are able to use the 

system and this is due for security purposes. A user needs to provide a user name 

and password to log in to the system. If both of the information are correct, then 

the system will display the main page. On the other hand, if the user name or 

password is incorrect the system will display an error message (Figure 3). 

 

 

Figure 3. Log in page of the automated reminder system 

2. Client’s registration and list setup: This is the window where each individual 

caregivers and their infants socio-demographic as well as their health related 

information’s will be recorded. The system has validation rules that will detect 

the double recording of individual clients. In addition, it has a must to enter 

fields to capture all-important information’s. Registration of new clients for 

child immunization can be made by clicking the “Create new” button. This 

page allows the user to add new contact information or edit existing ones. In 

order to delete any contact the user just clicks the delete link beside the 

desired contact in the grid in order to delete that contact (Figure 4). 
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Figure 4. Client’s registration and list setup of the reminder system 

3. Vaccination scheduling setup: The vaccination scheduling setup manages the 

automatic scheduling of vaccination visits by considering the date of birth of the 

infant. In case of delayed vaccinations, the reminder system reschedules the 

vaccination visits by taking in to account the vaccination dates of the previous 

doses (Figure 5). 
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Figure 5. Vaccination scheduling setup of the automated reminder system 

4. Reminder analysis setup: This window helps to see the status of text messages 

sent for each client. It has a filter option to look for individual records. The 

system also has a field too record the vaccination status of each infant (Figure 6). 
 

Figure 6. Reminder analysis set up of the automated reminder system 
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5. Automated text message setup: The automated text messages were developed 

both in Amharic (local language) and English languages for each of the four 

vaccination schedules. The system has reminder message setting with which the 

text messages can be edited accordingly (Figure 7). 

 

 

Figure 7. Text message set up of the automated reminder system 

6. Export options: The automated reminder system can export the data sets to excel 

and PDF versions (Figure 8). 

 

 

Figure 8. Export options of the automated reminder system 
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7. Automatic text messaging and sent message notification: The system manages 

an automated dispatch of text-messages based on pre-determined phone number 

of caregivers. When a text reminder has been sent to a caregiver, the system will 

display a notification message that says “Text message has been sent to the 

client”. On the other hand, when the system was unable to send the text messages 

automatically, it shows sending error messages (Figure 9). 

 

 

Figure 9. Text message sending and error notification of the automated reminder system 

Discussions 

Existing practice on vaccination schedule is via written appointment. Nevertheless, such 

approach may not be sufficient as parents may forget due to a tight work schedule and daily 

routines. Missed appointments are also an avoidable which impact upon the health outcomes of 

clients. Similarly, poor awareness about immunization schedules and forgetfulness were the most 

cited reason parents gave for not completing their child’s immunization timely [30]. 

As the use of information and communication technologies (ICT) has become the nervous 

system of all modern economies, making health institutions smarter is usually achieved through 

the use of ICT intensive solutions like mHealth. Among the mHealth interventions, SMS is one 

which stands for short message service, which is a communications protocol adopted as a 

synonym for text messages [26]. 

Mobile SMS has become more popular because it is easy and simple to use, and every type of 

mobile phone has this kind of application. Health workers are also increasingly utilizing SMS 

based reminder systems to improve health service uptake and continuity of care. Hence, simple 

and effective SMS based mHealth interventions that can be integrated in the existing health 

systems are required to increase caregiver’s attendance for timely immunization of children in 

Ethiopia [31]. 

SMS based reminder systems effectiveness varies across different settings [26]. In line with this, 

a randomized controlled trial (RCT) study is being conducted to test the effectiveness of text 

message reminders in improving continuity of vaccination services in North-West, Ethiopia. This 

trial is expected to produce evidence on the effectiveness of text message reminders on the 
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uptake of routine child hood immunization which will then be scaled up into similar geographic 

areas in the country. Therefore, this text message based mHealth intervention package is 

developed as an intervention package for the RCT study. 

This paper demonstrated how best to develop an automated reminder system for vaccination 

program in Ethiopian context. The study indicated the importance of obtaining feedback about 

the content of text messages and iteratively testing the developed system before actual 

deployment. Research findings also revealed that tailoring the reminder system based on client 

preferences and applying multiple modalities results in better system development [32]. 

Evidences also showed that text messages should incorporate methods of ensuring that the text 

messages are developed and tested in the most appropriate way before they are deployed [29,33]. 

Strengths and limitations: The developed reminder system is secured with a password 

protected user interface which gives access to the system. The system works offline with desktop 

application and can be accessed remotely with network connectivity. The application has back-

up system. The system is easy for updates on different domains. As a challenge, poor network 

connectivity and bugs within the system affected the sending process of the text messages during 

testing of the system. This led to repeated testing of the automated system until it successfully 

sent all the desired messages. Since the automated system is modem based, it only confirms the 

automatically dispatched text messages sent status from the system. However, it could not 

confirm the actual delivery of the text messages to the mobile phones of each caregiver. 

Conclusions 

Text message reminder system has been designed and developed for routine childhood 

immunization program in Ethiopia. Text message interventions should be carefully designed, 

developed, tested and refined before actual implementation. Moreover, the development of 

automated reminder systems should take in to account the local context and involvement of 

different stakeholders. 
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