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Abstract
Background: There is growing interest among low- and middle-income countries to introduce electronic immunization registries
(EIRs) that capture individual-level vaccine data. While practical EIR guidance documents are available, the real-world
implementation experience varies by country. There is an opportunity to learn from countries that have experience implementing
EIRs to inform other countries considering the same.

Methods: This qualitative study provides a cross-case comparison of the design, development, and deployment of EIRs in three
countries: Vietnam, Tanzania, and Zambia. The countries were selected based on PATH’s role in providing technical support to the
governments to introduce and scale their EIRs. Through desk review and thematic analyses, we consider �ndings related to four
implementation factors: time, partnerships, �nancial costs, and technology and infrastructure.

Results: The country cases highlight the multi-year timeline required to implement an EIR at scale. Of the 3 countries, only Vietnam
has achieved nationwide scale of the EIR after implementing a series of iterative cycles to pilot and redesign the system over 7
years. In terms of partnerships, all three case countries established interdisciplinary national teams with experience in leadership,
technology, and immunization, and incorporated end user perspectives from subnational levels in the EIR design and development.
It was important for the national government to play an active role to ensure country ownership and sustainability. Financial
investment was necessary for design and development, as well as to maintain the EIR beyond the initial deployment, including all
recurring costs for system maintenance, updates, and end user support. Finally, technology and infrastructure were important
considerations in the EIR design and choice of equipment in each country, and all 3 countries have a local partner to provide
ongoing technical support.

Conclusions: Comparing implementation factors across these cases highlights practical experience and recommendations that
complement existing EIR guidance documents. The �ndings and recommendations from this study can inform other countries
considering or in the process of implementing an EIR.

Contributions To The Literature
This study documents the experience of designing, developing, and deploying an electronic immunization registry (EIR) across
three country contexts: Vietnam, Tanzania, and Zambia.

The results highlight considerations related to timelines, partnerships, �nancial costs, and technology and infrastructure.

The authors provide practical, operational insights and recommendations to country decision-makers who are considering or
are in the process of implementing an EIR.

Introduction
Immunization is an essential health service provided in all countries. In many low- and middle-income countries (LMICs),
immunization information has traditionally been captured through paper-based tools at health facilities (1–3). However, as many
LMICs are undergoing digital transformation of their health systems, there is an opportunity to leverage digital health solutions for
immunization (2, 4). One such tool is an electronic immunization registry (EIR), a con�dential, computerized, population-based
routine system to capture, store, access, and share individual-level, longitudinal health information on vaccine doses administered
(5, 6). EIRs have been shown to improve immunization practices in LMICs by saving health worker time with automated reporting (7,
8), improving data quality and use (3, 9–11), reducing stockouts (12), and improving immunization coverage (13–15).

There are several resources that provide practical guidance for practitioners to inform the design, development, and deployment of
EIRs (16–18). However, the experience varies by country. Practitioners and researchers have called for more implementation
research to understand the ‘how’ and ‘why’ of digital health implementations (19, 20). Moreover, the existing guidance on EIRs does
not include speci�c details implementers often want to know related to timelines, costs, human resources, and other operational
considerations. There is an opportunity to learn from countries that have experience implementing EIRs to inform other countries
considering the same.
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This study aims to document the practical experience of designing, developing, and deploying an EIR across three country contexts:
Vietnam, Tanzania, and Zambia. The results are intended to complement existing EIR guidance documents by providing examples
of EIR design and implementation in practice. By doing so, this study aims to provide practical, operational insights to country
decision-makers who are considering or are in the process of implementing an EIR.

Methods
This qualitative study provides a cross-case comparison of the design, development, and deployment of EIRs in three countries:
Vietnam, Tanzania, and Zambia.

Conceptual Framework
This study was guided by a conceptual framework developed by the authors that captures phases of the EIR product development
process and key implementation factors across phases (Figure 1). Like any digital solution, the process to develop an EIR includes
the phases of design, development, and deployment. Design refers to the initial phase of de�ning EIR requirements based on user
requirements and health system challenges. The development phase refers to building and testing the EIR software based on the
predetermined requirements. Finally, the deployment phase refers to the introduction of the EIR system across relevant levels of the
health system.

The implementation factors included in the framework were time, partnerships, �nancial costs, and technology and infrastructure.
These implementation factors cut across the phases of design, develop, and deploy. The factors were prioritized based on the
authors’ experience implementing EIRs and frequently asked questions from other stakeholders interested in learning from the case
countries’ implementation experience. The factors are consistent with common themes from the existing EIR guidance documents
(16–18) and other digital health frameworks (21).

Setting
PATH is an international non-governmental organization whose mission is to advance health equity (22). The three country settings
were selected for this study based on PATH’s role in collaborating with and providing technical support to these country
governments to introduce and scale their EIRs. Each country immunization context is further described in Table 1.

Intervention
Each country is in the process of scaling an EIR nationwide, as described below. 

Vietnam
In 2010, PATH began working with NEPI through Project Optimize to improve coverage rates by developing two new systems:
ImmReg, a digital registry to manage individual vaccination history, and VaxTrak, a digital vaccine tracking tool (24). ImmReg and
VaxTrak grew from a district-level pilot to a central piece of the country’s health system, as part of the National Immunization
Information System (NIIS) launched nationwide in 2017. Key functions of the NIIS include immunization planning, client
management, addressing duplicate records, vaccine administration, stock management, supportive supervision, automated
reporting, and SMS reminders for caregivers. The NIIS tracks stock from the national to the commune level and captures
vaccination records for all individuals from birth. The NIIS has been shown to increase vaccination coverage and timeliness (13),
and as of April 2021, the NIIS includes 24 million client records and has been implemented in 15,044 facilities (representing nearly
all facilities nationwide, including all community health centers, but excluding some hospitals and fee-based facilities). In the
second half of 2020 the government of Vietnam began transitioning to a paperless immunization system.

Tanzania
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The BID Initiative, funded by the Bill & Melinda Gates Foundation, launched in 2013 with the aim of improving data quality and data
use for immunization (31). Through the BID Initiative, representatives from 10 sub-Saharan African countries co-designed common
EIR requirements that became the basis for the EIR requirements in Tanzania and Zambia (32).

Beginning in 2014, Tanzania’s MOHCDGEC and PATH collaborated to design and implement an EIR. The �rst iteration, the Tanzania
Immunization Information System (TIIS), was developed in 2014 but due to technical challenges was replaced by a new system—
the Tanzania Immunization Registry (TImR)—in 2016 (33). TImR is an open-source software developed from Open Immunization
(OpenIZ) for use on tablets with online and o�ine functionality (34). TImR captures individual vaccine histories, automates
aggregate reports, and tracks stock. TImR has since been integrated with the Vaccine Information Management System, a district-
level digital tool, providing end-to-end visibility into the vaccine supply chain (35). TImR was rolled out to facilities as part of a larger
package of interventions that focused on data quality and data use (31). From 2018-2019, one region, Tanga, (359 facilities)
transitioned to completely paperless reporting. Mwanza (328 facilities) and Kilimanjaro (306 facilities) regions are expected to
transition to paperless reporting in Q2 2021. As of April 2021, TImR includes 1.9 million client records and has been implemented in
3,736 of approximately 6,000 facilities across 15 of 26 regions in mainland Tanzania.

Zambia
Like Tanzania, Zambia was also selected to implement a package of immunization data quality and use interventions through the
BID Initiative (31). Beginning in 2015, PATH and Zambia’s MoH partnered to develop an EIR. The initial system, built on the DHIS2
Tracker platform, did not meet certain requirements for immunization and entailed a lengthy development timeline. In early 2017,
Zambia turned to the Open Smart Register Platform (OpenSRP) for its EIR (36). The resulting Zambia Electronic Immunization
Registry (ZEIR) supports nurse work�ows for child vaccination and growth monitoring. Key features of ZEIR include a unique login
for health workers in the same facility, a simple birth registration form that resembles the paper cards mothers bring with them to
clinic visits, and data on growth monitoring and several other metrics, to mirror nurse work�ows and help health workers avoid
duplicative data entry. After piloting ZEIR in early 2017, the registry was rolled out across all health facilities that deliver
immunization services in Southern Province (31). As of April 2021, ZEIR has been implemented in Southern and Western Provinces,
capturing over 170,000 client records across 320 health facilities. There are plans to continue to scale ZEIR to reach all 2,600 health
facilities across 9 provinces nationwide.

Data collection and analysis
To understand the implementation factors across EIR product phases, we employed a multiple case study approach with each
country considered a case. A case study approach was chosen to learn from the experience in each country in way that could
leverage multiple sources of evidence and explore the complexity across implementation factors and phases.

Data collection and analysis was an iterative process from October 2019 through June 2020. A desk review was conducted to
identify relevant documentation, including project reports, communication materials, planning documents, technical guidance
documents, and peer-reviewed literature. Existing guidance documents (not country-speci�c) on implementing EIRs were also
reviewed (16–18).

For each country case, we reviewed documents and used an analytic matrix to sort evidence into content domains according to the
conceptual framework. Thematic analysis was conducted within each framework domain. Findings were triangulated across
documents and the identi�cation of additional documents stopped when saturation was reached (no new themes identi�ed). To
synthesize �ndings across the countries, we conducted cross-case analysis of factors to identify common patterns or positive or
negative deviants. Thematic analyses used manual coding. Draft �ndings were reviewed by relevant stakeholders in each country
for validation prior to �nalization.

Ethics
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The study procedures were reviewed and received non-research determination by PATH. Study data were stored in an access-
restricted server, only available to study staff for the purpose of data analysis.

Results
Results are organized by the implementation factors of time, partnerships, �nancial costs, and technology and infrastructure, with
key �ndings from each country case presented.

Time
Current EIR guidance documents provide an overview of steps to plan for in the EIR process, but do not include details on timelines
associated with each step or the overall process as it can vary widely.

Vietnam
In Vietnam, it took seven years to fully design, develop, and deploy the EIR from its initial design as part of the Optimize Project
beginning in 2010 (24) until it reached nationwide scale in 2017. Over this period, the EIR matured through a series of phased digital
health pilots, each of which provided an opportunity for iterative learning and improvement (Table 2).

The initial design phase for ImmReg took 3-4 months to conduct a landscape assessment, collect and document user system
requirements, and collaborate with the software developer to �nalize the technical speci�cations. The development phase for
ImmReg took another 4 months to develop the software, including user interface testing and case-testing to check the functionality
and data accuracy. In comparison, Vaxtrak took approximately 6 months to design and another 6 months to develop, this longer
process was due to the more complicated system requirements for vaccine management and reporting. Deployment of the initial
versions of ImmReg and Vaxtrak began in 2012 in a limited number of provinces.

From 2013-2014, ImmReg and VaxTrak were upgraded and combined into a single web-based application. Many new functional
requirements were added, but the time to develop the requirements documents was minimal (approximately 2 months) because the
system work�ows, interface, functionalities, architecture, and end-user needs were well understood from the previous
implementations. The development of the combined system took approximately one year, and the updated system was deployed
beginning in 2014.

In 2016, the combined system was integrated into the NIIS which saved the NIIS software development team time by integrating the
knowledge and technology from the previous pilots. The development of NIIS took approximately 8 months including in-house
testing before deploying �rst in 5 pilot districts and then nationwide. As of 2017, the NIIS has been introduced in all facilities across
Vietnam, although support to encourage system uptake, improve data quality, and transition to paperless is ongoing.

Tanzania
In Tanzania, the EIR requirements were shared in a request for proposal in late 2014 and the �rst system, TIIS, was chosen. TIIS
development was initially planned for 3 months but due to the complexity of the system being developed, it was extended to six
months (Table 2). As mentioned above, technical challenges with TIIS emerged during the pilot in Arusha Region which led to the
decision to update the requirements and release a revised RFP in February 2016 (37). The OpenIZ system, TImR, was selected in
and developed over approximately 9 months in 2016-2017. TImR deployment began in 2017 and the government plans to scale
TImR nationwide to all facilities by the end of 2021.  

Zambia
In Zambia, the EIR requirements were shared in a request for proposal in July 2015 and the DHIS2 Patient Tracker software was
selected and began development in 2015. Like the Tanzania experience, there were challenges adapting the software to meet the
requirements, and development stopped after 10 months in 2016 (38). After re�ning the requirements, Zambia selected the
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OpenSRP-based ZEIR in early 2017. OpenSRP had already been successfully used for immunization in Pakistan which contributed
to the e�cient development in Zambia, requiring 3 months of development time for an initial release and 6 months for a near-
complete version for expanded rollout (39). Deployment began in May 2017 and ZEIR was deployed to 320 facilities in Southern
Province by March 2018. An additional 281 facilities in Western province are yet to go live and there are plans to scale ZEIR
nationwide.

Partnerships
EIR guidance documents recommend developing a multidisciplinary team that can oversee all project functions and de�ning the
roles and responsibilities of each participant from the outset (16–18). The guidance also notes that some partners with speci�c
skillsets (e.g., in software development or training) may only be required for certain project phases.

Vietnam
Beginning in 2010, NEPI, PATH, and WHO partnered to develop ImmReg and VaxTrak. A challenge that surfaced during the initial
work in 2010-2012 was that IT professionals lacked immunization expertise, and public health professionals lacked understanding
of technical software development terms and processes. A lesson learned was to have “bridging” staff who could improve
alignment, for example, including an IT professional with technical expertise on the core project team to improve collaboration with
software developers (24).

In 2016, when the NIIS was being re-designed to scale from one province to 63 provinces nationwide, the NIIS Technical Working
Group (TWG) was formed. The TWG includes representatives from appropriate agencies with complementary expertise:

The MoH General Department of Preventive Medicine (GDPM) provides management authority, stakeholder coordination,
administration support, and oversight of provincial implementation and policy change.

The NEPI provides immunization expertise, acting as the technical lead on immunization work�ows, corresponding user
requirements, and reporting systems.

Viettel, one of the largest mobile network operators in Vietnam, provides technology expertise to develop and maintain the
system.

PATH provides technical support and facilitates communication between TWG members, serving as the connection between
immunization, general health, and technology stakeholders.

All partners bring complementary expertise and have been crucial to the scale-up of the NIIS from design to deployment. Although
the TWG partnership has functioned well, there was initially confusion in roles, deliverables, and �nancial responsibilities which
created delays in coordination and implementation (40).

In addition, partners at subnational levels were involved in the design phase to inform system requirements, in the development
phase to support testing the system and providing inputs on user experience, and in the deployment phase for training and ongoing
mentorship. During design and development, representatives of different end-user roles were included, such as managers, EPI
o�cers, and storekeepers.

Tanzania
Through the BID Initiative, PATH partnered with the MOHCDGEC. An MOU was signed in September 2014 to formalize the
relationship. During the design and development phases, PATH worked closely with the national IVD program, the MoH Information
Communication Technology (ICT) Unit, as well as regional and district leadership, particularly in the pilot site, Arusha Region. PATH
provided technical oversight and business analysis support, while the MoH was responsible for testing and ensuring the EIR met the
use case requirements.

During the EIR development phase, Mohawk College (Canada) was selected to develop TImR. However, not having the lead
developers in-country made communication challenging due to time zone differences and a limited understanding of the local use
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cases. When there were critical system issues, the �xes were often delayed due to the time zone differences and limited capacity
outside of the software teams. Mohawk College partnered with an in-country software �rm, Softmed, to improve responsiveness
and build capacity for ongoing system maintenance and sustainability.

At the subnational level, a User Advisory Group (UAG) provided end-user perspectives on the system requirements and tested the
usability of the system during the design and development phases. UAG members included representatives from regional, district,
facility, and community levels who support immunization service delivery, supply chain, data collection, or community engagement
(41).  

Other partners included those in the Inter-agency Coordinating Committee (WHO, UNICEF, and other partners) who monitored EIR
progress.

Zambia
Through the BID Initiative, PATH partnered with the Ministry of Community Development, Mother and Child Health (MDCMCH) and
signed an MOU on February 5, 2015 to formalize the relationship. While the EPI unit was under the MDCMCH, the management of
information and communication technology (ICT) and M&E were under the MoH. This structure was challenging to coordinate
decision-making between two ministries which led to delays in the EIR design, development, and implementation process. A
technical working group was formed in 2015 that included staff from the EPI, M&E, and ICT units from both ministries which
facilitated streamlined decision-making. In 2016, the Mother and Child Health unit shifted to fall under the MoH and a new MOU
was signed.

In practice, PATH worked closely with provincial and district leaders in Southern Province, the area selected to pilot the EIR. Like
Tanzania, a UAG was established that included district, facility, and community level end users to provide inputs on the system
design and development (42). In the EIR development phase, Kenya-based software developer Ona was contracted to develop ZEIR
and a local software company, Blue Code, was also contracted to support ongoing maintenance of the system. Like in Tanzania,
having a local software partner helped address communication, contextualization, and sustainability challenges in working with a
software developer based outside Zambia.

Beginning in 2017, the Catholic Medical Mission Board partnered with the MoH and PATH to deploy ZEIR to nine health facilities in
Mwandi District of Western Province (43).

Financial costs
EIR guidance documents emphasize the need to develop a funding model that can sustain the project through the entire process,
including all organizational costs in the short, medium, and long term (16–18). 

Vietnam
During the initial ImmReg design phase, the project team developed a �nancial model to predict the costs of ImmReg
implementation in Vietnam. Utilizing this model, the costs were estimated for scaling to forty provinces with 450 districts and 9,000
communes over a �ve-year period. The model generated costs for each year at commune, district, and provincial levels. This was an
important input to the planning and design of ImmReg. 

Since Viettel joined the NIIS TWG, they have provided in-kind services to support the development and deployment of the NIIS.
Although Viettel is committed to supporting the NIIS, they have raised the challenge of ongoing investment in infrastructure and
human resources (40). The Vietnam MOH and Viettel are discussing an appropriate mechanism and service fee that will allow
Viettel to operate, maintain, and upgrade the system.

During the deployment phase, user feedback resulted in unanticipated costs to update the NIIS and to provide supportive
supervision visits to address technical issues. At the beginning of nationwide scale-up, PATH and WHO �nanced the training-of-
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trainer trainings for national, regional, and provincial level staff, as well as training for district staff in 20 provinces. Overall, the pilot
phase was longer than planned which resulted in higher costs than originally projected. 

In terms of ongoing operational costs, local governments are responsible for covering the cost of maintaining or replacing
equipment (PCs, barcode scanners, and printers), conducting refresher trainings, providing supportive supervision, and funding
internet or 3G connectivity. One ongoing cost that was not factored into the original �nancial model, is the need to update and
expand the NIIS server to accommodate the enormity of data as additional children are registered into the system.

Tanzania and Zambia
When the BID Initiative launched in 2013, there was limited evidence on the cost of designing, developing, and deploying EIRs –
particularly in low-resource settings. Recognizing this evidence gap, the BID team used a total cost of ownership model to estimate
the costs to design, develop, deploy, and maintain EIRs in Tanzania and Zambia. This costing work focused on the costs incurred
during the duration of the BID Initiative between 2013 and 2018. The results showed that hardware and rollout costs were the two
largest shares of the overall costs (44). However, for each deployment to subsequent regions in Tanzania, costs declined by
implementing the learnings gained from previous deployments. 

The total annualized cost of developing, deploying and maintaining the EIRs and their related suite of interventions through the BID
Initiative was estimated to be between US$3.30 to $3.81 per child for the regions in Tanzania and US$8.46 in Zambia (44). The
Zambia estimate is higher in part due to a smaller birth cohort compared to Tanzania. Additionally, a micro-costing study estimated
the annual cost savings per facility resulting from the introduction of the BID interventions (including the EIR) as US$10,236 in
Tanzania and $628 in Zambia, largely driven by health worker time savings in service delivery and reporting (7).

During the deployment phase, there were signi�cant �nancial cost implications based on the implementation approach used. At the
outset in Tanzania, the PATH team led the deployment through a series of visits to health facilities for on-site training. However, this
approach was too expensive and technically infeasible to scale and necessitated a new approach whereby PATH staff trained
district data use mentors who led the facility-level deployment. The new approach improved country ownership and reduced
implementation costs by 10-65% per district (45).

To encourage sustainability and government ownership, the MOH in each country began to take over procurement costs toward the
end of the BID Initiative project, buying tablets, providing project vehicles, and using government staff for trainings. In both
countries the districts are budgeting for ongoing operational costs, like data bundles and tablet replacements, in an increasing
fashion. Tanzania has secured Gavi Health System Strengthening funding to continue to scale the EIR and Zambia has secured
Gavi funding for an EPI Optimisation Platform (EPI OPT) that includes strengthening ZEIR. In Zambia, a second EPI OPT grant is
underway to support scaling ZEIR to additional 281 facilities in 16 districts of Western Province.

Technology and infrastructure
EIR guidance documents highlight the importance of taking into account the infrastructure needs to inform the selection of and
support for a new technology (16).

Vietnam
In the design phase, the initial ImmReg landscape assessment considered aspects of the technological infrastructure including IT
knowledge of health workers, lessons learnt from previous software implementations, and available equipment and connectivity.
The results in 2011 showed that commune health centers did not have computers nor internet connectivity, there were limited
resources available to purchase computers, and health workers’ computer skills were limited but they were comfortable using
mobile phones. Based on this, ImmReg and Vaxtrak were designed as stand-alone mobile applications for commune health workers
with a web-based interface for the district level where computers were available. However, despite health workers’ comfort and
access to mobile phones, they were not familiar with downloading and installing new software which created challenges. By 2013-
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14 when ImmReg and VaxTrak were combined and upgraded, most commune health centers had computers and internet
connection, so the combined system was designed as a web-based application.

The deployment phase has required ongoing technical support and system maintenance. The system has required continuous
editing to add new vaccines, new variables, or new data queries based on end user feedback. Over time, Vietnam shifted from
providing in-person technical support for end users to remote technical support, this has saved time, improved responsiveness, and
decreased the number of �eld trips for the technical team. Currently, remote support includes an arti�cial intelligence chatbot, a
telephone hotline, technical support groups on a popular social media application (Zalo), and trained mentors at each level of the
health system. In addition to support from the health system, Viettel has an end-user support network and 24/7 hotline which
ensure timely technical support for end users.

Tanzania
At the outset of the BID Initiative in 2013, eHealth was a national objective and well supported by the President and Minister of
health. The MoH was in the process of establishing an eHealth Steering Committee and eHealth strategy and there was mainly 2G
internet connectivity in most urban places. However, digital literacy was very low particularly among frontline health care workers,
most facilities did not have computers, and some facilities were not connected to the national electricity grid nor internet services.
 The UAG helped to advise on the existing technological infrastructure during the design phase.

The existing infrastructure informed decisions during the design phase to require online and o�ine functionality and to purchase
tablets for most facilities. For facilities without reliable access to electricity, a paper-based version of the EIR was designed that
could be scanned at the district level to digitize the data. However, during the pilot phase it was determined the paper-based forms
were not feasible, and all facilities received tablets to use the EIR. Those facilities with intermittent electricity also received solar
chargers for the tablets.

During the deployment phase, district staff found it challenging to train health care workers due to their varied familiarity and
con�dence with technology. Another challenge was in purchasing and distributing su�cient data bundles to support tablet
connectivity (46). In some cases, there were also challenges with syncing the tablets to the EIR.

Currently, the MoH team provides ongoing technical support for software development and maintenance, as well as data analysis
and use. Immunization staff at each level of the health system provide technical support to end users at lower levels and there are
district WhatsApp groups that facility health care workers use to raise issues or troubleshoot.

Zambia
The UAG in Zambia advised on the technological infrastructure during the EIR design phase. In the pilot region of Southern
Province, 144 (48%) of 302 health facilities were known to have no consistent power source (46). Based on the existing
infrastructure during the design phase, the BID Initiative team initially thought that some facilities would need to continue to use
improved paper-based registers, however it was later determined that to ensure cost-effectiveness of the EIR all facilities should use
the electronic system. Solar chargers were procured for facilities with intermittent electricity.

Like Tanzania, the EIR deployment in Zambia faced challenges resulting from limited technology skills among health workers,
di�culty securing data bundles, and inconsistent data syncing (46).

Currently, BlueCode is working with the MoH to build its capacity for both technical and governance ownership of the project. This
entails working closely with the MoH technical and management team and supporting the MoH with supervision and training. There
are also ongoing iterations to strengthen ZEIR based on user feedback and as mentioned, ZEIR has been integrated with other
systems through the EPI OPT. 

Discussion

Principal �ndings and implications



Page 11/19

This study summarizes the experiences across three countries related to key implementation factors—time, partnerships, �nancial
costs, and technology and infrastructure—that in�uence the design, development, and deployment of EIRs.

The cases highlight the long timeline required to implement an EIR at scale. In Vietnam, it took seven years from the start of Project
Optimize to the nationwide introduction of the NIIS. In Tanzania and Zambia, the EIR development process began with the cross-
country collaborative requirements meeting in late 2013, and seven years later both countries are still in the process of scaling the
EIR nationwide. Across all three countries, the timeline included multiple system iterations. Particularly in Vietnam, there was a
series of iterative cycles to pilot and redesign the system before achieving scale. This may have lengthened the overall timeline, but
each iteration provided an opportunity to redesign and learn from the experience (47). Subsequent cycles added more complex
requirements, yet the timing for design and development was streamlined due to the ability to build on the existing system.

The protracted timeline for EIR design and development in Tanzania and Zambia was in part because the de�ned requirements
were more advanced than the technology available at the time. Now the technology has advanced and there are multiple EIR
platforms countries can choose from. For new countries implementing EIRs, the design and development phases should be
streamlined compared to our case countries. For instance, OpenSRP software has been used for EIRs in Pakistan, Zambia, and
Kenya, with cost and time savings in each subsequent rollout (39). And the concise set of requirements used to inform the ZEIR
development have been packaged and shared as a proposed minimum viable product for other EIR implementations, regardless of
software (33). Further, in June 2020, the World Health Organization released a request for proposals to develop a “Digital
Accelerator Kit” that outlines software agnostic requirements for an EIR to accelerate implementation (48). These resources will
support countries to start from existing software or minimum viable product requirements that can be iteratively adapted or
expanded as necessary.

In terms of partnerships, all three case countries established interdisciplinary teams with experience in leadership, technology, and
immunization, which is consistent with recommendations in existing EIR guidance documents (16–18). Based on the experience in
Vietnam, it is important to put in place an MOU or formal agreement to clarify roles, deliverables, �nancial responsibilities, and
outcomes among this group (40). At the national level, all cases highlight the importance of Ministry of Health (MoH) leadership
through all EIR phases to ensure country ownership, sustainability, and alignment with national strategies and standards. At
subnational levels, all cases highlight the importance of user-centered design to inform the EIR design and development. In Vietnam
this was achieved through an initial landscape assessment to identify critical EIR requirements based on end user needs, and by
incorporating user feedback and lessons learned in each system iteration. In Tanzania and Zambia, establishing the UAGs was seen
as a successful approach to ensure timely testing and input from end users throughout the system design and development (49).

A key difference in partnership approaches across the cases, is the role of the software developer. In Vietnam, there is a strong
public-private partnership where Viettel (mobile network operator) is a formalized member of the TWG and has been actively
involved in the EIR design, development, and deployment. This has worked well because Viettel, a state-run organization, has a well-
established relationship with the government of Vietnam, the MoH has con�dence in Viettel’s data security, and Viettel can support
the connectivity, infrastructure, and business needs of the EIR (40). Alternatively, in Tanzania and Zambia, the primary technology
partners were international organizations that were contracted at the outset of the EIR development phase for a term agreement. In
this type of partnership, it was important to identify other ways to ensure ongoing operational and management support of the
system, for example, contracting with local developer partners. In some countries it may be feasible to strengthen capacity of MoH
staff to provide ongoing system support.

The different partnership models also had implications for �nancial costs of the EIR implementation. Across all case countries,
PATH as a technical partner received funding through the Bill & Melinda Gates Foundation. Vietnam has also received �nancial
support from the United Nations Foundation and GlaxoSmithKline, and Tanzania and Zambia have received funding from Gavi to
support their respective EIR implementations. In Vietnam, Viettel absorbs many costs associated with the system itself. Across all
cases, the MoH has contributed signi�cant in-kind time. As shown by the BID Initiative costing studies, the rollout strategy used in
the EIR deployment phase can have large cost implications. And as noted, leveraging existing software solutions or requirements
can also reduce EIR design and development costs. In the �eld of digital health more broadly, there has been a call for research on
the costs associated with implementation of digital tools, particularly their ongoing operational and maintenance costs (20). As
more countries introduce EIRs, they should capture their costs to �ll this evidence gap and test the hypothesis that there are cost
savings from adapting existing systems.
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While not speci�c to one implementation factor, an emergent cross-cutting theme was the importance of planning for sustainability
and scale from the start. Partnerships that promote government ownership and engage end users can foster sustainability. The
importance of planning for ongoing �nancing, technical support, and system maintenance at scale was also highlighted. Another
sustainability consideration that surfaced was planning for the transition away from legacy tools, including developing guidance on
any criteria that need to be met before making the transition. Other studies have highlighted the burden placed on health workers
that are required to use the legacy tools and EIR in parallel (47,50,51).

Table 3 summarizes the recommendations based on the comparison of experiences in Vietnam, Tanzania, and Zambia. Future
research should also compare experiences from other country contexts to add to these recommendations, particularly in Latin
America where many countries have implemented EIRs (52). The conceptual framework we employed was useful to organize the
evidence and identify these recommendations, however, we note from the country cases that the phases of ‘design, develop, and
deploy’ are not linear or mutually exclusive. In addition to the implementation factors considered in this study, other factors like
governance and policy could be considered in future studies.

Limitations
This study focused on three country cases that were not selected to be representative of countries that have introduced EIRs.
Instead, the case studies were intended to show a range of experiences and a conceptual framework was used to produce
generalizable evidence. Future research could implement a more systematic case selection process with de�ned criteria to
maximize generalizability of the �ndings from EIR implementations (53). Another limitation is this study considered a subset of
implementation factors but taking a wider lens could elicit other �ndings and recommendations. Finally, the authors acknowledge
our participation in the implementation of the EIRs in the case countries. Although this limits the independence of our perspectives,
it allows us to draw on our in-depth knowledge of the implementation experience to strengthen the case studies and provide
recommendations.

Conclusions
As there is growing interest across countries in introducing EIRs to support their immunization programs, they can learn from the
experiences of Vietnam, Tanzania, and Zambia. Comparing implementation factors—time, partnerships, �nancial costs, and
technology and infrastructure—across these cases highlights practical experience and recommendations that complement existing
EIR guidance documents. As more countries introduce EIRs and leverage existing software solutions, we expect to see further
streamlining of timelines and �nancial costs.
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Table 1. Comparison of country contexts
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  Vietnam Tanzania Zambia

Health
system 

Vietnam’s health system
consists of �ve main levels:
national, regional, provincial,
district, and commune. The
Ministry of Health (MoH)
establishes policies, manages
national and regional
hospitals/institutes, and
provides general oversight of
the health system.

Tanzania’s health sector operates under
the Ministry of Health, Community
Development, Gender, Elderly, and
Children (MOHCDGEC) and the
President’s O�ce Regional
Administration and Local Government
plays a prominent role in
implementations.

Zambia’s MoH provides national
policy and technical guidance,
which is then interpreted at a
provincial level to support
hospital and district health
management teams. 

Immunization
program

The National Expanded
Program on Immunization
(NEPI) was established in
1985 to provide free
immunization services with
the goal of protecting children
from the most common
infectious diseases. Despite
high vaccination coverage, the
country faced vaccine data
quality challenges and
increasing urbanization and
immigration made it
challenging to ensure every
child received all lifesaving
vaccines.     

The Immunization and Vaccine
Development (IVD) Program of the
MOHCDGEC focuses on administration,
M&E, cold chain and logistics, routine
immunization, and training (25).
Despite high vaccination coverage, the
country faces challenges related to
subnational inequalities in coverage,
low uptake of new vaccines, inaccurate
target populations, and insu�cient data
use (27).

Since the mid-1990s, Zambia
has decentralized many health
services, including immunization,
to its nine provinces and 72
districts. In recent years Zambia
has improved its immunization
service delivery and sustained
high coverage rates. However, the
country still faces service
delivery challenges including
highly mobile populations,
vaccine-preventable disease
outbreaks, subnational coverage
inequalities, and data quality
challenges (29).

Immunization
data and
reporting 

Prior to nationwide scale-up
of Vietnam’s EIR in 2017, most
health facilities across the
country used paper-based
forms to record, manage, and
manually plan for
immunization delivery, stock
management, and reporting.
The paper-based forms were
often missing data, time
consuming and laborious to
complete, and a barrier to
complete reporting and
e�cient vaccine stock
management (24). 

Before the launch of its EIR in 2016,
Tanzania’s immunization information
system was paper-based at the facility
level and digital from the district level
up. At the facility level, health workers
recorded monthly reports by hand
before submitting them to district
managers who entered digital reports
into the District Health Information
Software 2 (DHIS2) system. In addition
to the DHIS2, the Excel-based District
Vaccine Management Tool (DVD-MT)
and the Stock Management Tool
supported immunization service
delivery (10). 

 

In Zambia, facility health care
workers capture immunization
data using paper-based forms
and submit a monthly report of
aggregate data to the district
using the Health Information
Aggregation 2 (HIA2) form (11).
At the district, data are entered
into the DHIS2, the country’s
primary health information
system (30). 

 

Vaccination
coverage

95% of children under 1 year
of age were fully vaccinated
(2018) (23)

98% of children were vaccinated for the
third dose of diphtheria-tetanus-
pertussis vaccine (DTP3) (26)

90% of children were vaccinated
for DTP3 in 2018 (28)

Birth cohort 1.7 million (2018) (23) 2.2 million (2019) (26) 702,971 (2019) (28)

 

Table 2. Timeline of the electronic immunization registry implementation in Vietnam, Tanzania, and Zambia
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Country System EIR phase

Design Develop Deploy

Vietnam ImmReg 3-4
months

4 months 2012: rollout to 1 district in 1 province (Ben Tre) [19 facilities]

Vaxtrak 6
months

6 months 2012: rollout in 13 provinces [30 facilities]

Integrated
ImmReg +
Vaxtrak

2
months 

(2013)

12 months (2013-
2014)

2014-2015 (1.5 years): ImmReg expanded to 9 districts in Ben
Tre province [174 facilities]; 

2014-2016 (2 years): Vaxtrak scaled up to all 63 provinces
[200 facilities]

NIIS 3-4
months

8 months 2016: pilot in 5 provinces [1,649 facilities]

2017: deploy nationwide [~15,000 facilities]

Tanzania TIIS (GIIS) 7-8
months 

(2014)

6 months 

(2015)

2015-2017: rollout in Arusha Region [285 facilities]

 

TImR (OpenIZ) 2-3
months 

(2015)

9 months 

(2016-2017) 

July 2017-2021: rollout in 15 regions [3,736 facilities]

2021: plans to scale nationwide by the end of the year [~6,000
facilities]

Zambia DHIS2 patient
tracker

9
months

(2014-
2015)

12 months 

(2015-2016)

N/A (was introduced in 6 pilot facilities for testing during the
development phase)

ZEIR
(OpenSRP)

5
months 

(2016)

 

 

3 months: initial
release;

6 months: version
for broader rollout

(2017) 

2017-2018 (13 months): rollout in Southern Province [320
facilities] and a subset of Western Province [9 facilities]

2021: plans to ‘go live’ in all facilities in Western Province [281
facilities]

 

Table 3. Summary of recommendations
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Recommendations to countries implementing an EIR

• Plan for an iterative EIR development process, starting with the minimum viable product requirements and adapting or
expanding the EIR over time. Prepare for multiple pilots or iterations to strengthen the system over the long term.

•  Include end-users from the start to inform the system requirements, support pilot testing, and provide routine feedback to
inform incremental system updates.

•  Establish an interdisciplinary team with experience in leadership, technology, and immunization to oversee the EIR design,
development, and deployment. Include national government/MoH staff to ensure country ownership, sustainability, and
alignment with national strategies and standards.

•  Formalize team roles, responsibilities, and commitments of this interdisciplinary team through an MOU or other written
agreement.

•  Ensure funding to sustain and maintain the EIR system, including all recurring costs and software enhancements and
maintenance.

•  Capture costs on EIR design, development, and deployment to �ll existing evidence gaps and test the hypothesis that there are
economies of scale and cost savings from adapting existing systems.

•  Develop long-term plans for ongoing system maintenance, updates, and end user support. This should include identifying a
partner based locally that can provide ongoing system maintenance and support beyond the initial deployment.

•  Consider sustainability and scale from the beginning by establishing government ownership; planning for long-term �nancing,
system maintenance, and user support; and preparing for the transition from the legacy tools to new tools.
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