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Key Findings

n Electronic immunization registry (EIR) development
benefited from a phased scale-up approach,
including multiple system iterations in each
country. Although this lengthened the timeline,
the process ultimately strengthened the system.

n The role of the software developer was a key
difference in partnership approaches. Challenges
resulting from working with international developers
were addressed by also contracting a local software
partner.

n Significant in-kind time contributed by the minis-
tries of health and donor investment enabled
these EIR implementations. Unanticipated costs
resulted from system technical issues and the
need to expand the server as new children are
registered.

n The technological infrastructure in each country
informed EIR design decisions, with adaptations
made for level of computer literacy and Internet
connectivity.

Key Implication

n Recommendations to countries implementing an
EIR include (1) plan for an iterative development
process; (2) establish an interdisciplinary
leadership team—including national government
staff—with clear roles; (3) ensure funding to
sustain and maintain the system; and (4) develop
long-term plans for maintenance, updates, and
end-user support.

ABSTRACT
Introduction: There is growing interest among low- and middle-
income countries to introduce electronic immunization registries
(EIRs) that capture individual-level vaccine data. We compare
the design, development, and deployment of EIRs in Vietnam,
Tanzania, and Zambia. Through desk review and the authors’
firsthand implementation experiences, we describe experiences
related to timeline, partnerships, financial costs, and technology
and infrastructure.
Implementation Experience: The country cases highlight the
multi-year timeline required to implement an EIR at scale and the
benefit of multiple iterative cycles to pilot and redesign the system
before achieving scale. Of the 3 countries, only Vietnam has
achieved nationwide scale of the EIR, which took 7 years. In all
3 countries, national government leadership as part of an interdis-
ciplinary team (with experience in leadership, technology, and im-
munization) was important to ensure country ownership and
sustainability. Where international software developers were con-
tracted, partnering with a local software company helped improve
responsiveness and sustainability. Across all 3 countries, govern-
ments contributed significant in-kind time in addition to investments
from donors. Cost savings were observed in Tanzania and Zambia,
largely driven by health worker time savings from using the EIR. All
3 case countries underscore the need to understand the local tech-
nology and infrastructure context and design the EIR to fit the con-
text. In Vietnam, an initial landscape assessment was conducted to
assess technology and infrastructure, whereas in Tanzania and
Zambia, user advisory groups provided insights. Existing infrastruc-
ture informed EIR design decisions, such as choosing a system with
offline functionality in Tanzania and Zambia. All 3 countries have a
local partner to provide ongoing technical support.
Conclusion: Comparing implementation factors across these
cases highlights practical experience and recommendations that
complement existing EIR guidance documents. The findings and
recommendations from this study can inform other countries con-
sidering or in the process of implementing an EIR.

INTRODUCTION

Immunization is an essential health service provided in
all countries. In many low- and middle-income coun-

tries (LMICs), immunization information has tradition-
ally been captured through paper-based tools at health
facilities.1–3 However, as many LMICs are undergoing
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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 confi-
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 strengthen immunization practices in
LMICs by saving health worker time with auto-
mated reporting,7,8 improving data quality and
use,3,9–11 reducing stock-outs,12 and improving
immunization coverage.13–15 A 2021 report found
that EIRs had been piloted or implemented in
more than 50 LMICs.16

There are several resources that provide prac-
tical guidance for practitioners to inform the de-
sign, development, and deployment of EIRs.17–19

However, the experience varies by country.
Practitioners and researchers have called for
more implementation research to understand
the “how” and “why” of digital health implemen-
tations.20,21 Moreover, the existing guidance on
EIRs does not include specific details implemen-
ters 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 implement-
ing EIRs to inform other countries considering
the same.

We document the practical experience of scal-
ing an EIR across 3 country contexts: Vietnam,
Tanzania, and Zambia. By doing so, we aim to pro-
vide practical, operational insights to country
decision-makers and partners who are consider-
ing or are in the process of implementing an EIR.

IMPLEMENTATION SETTINGS
In Vietnam, Tanzania, and Zambia, the govern-
ments began designing and developing EIRs in
the 2010s, making them early adopters of EIRs
among LMICs. PATH, an international non-
governmental organization whose mission is to
advance health equity,22 has been collaborating
with and providing technical support to these
country governments to introduce and scale their
EIRs. Each country immunization context is fur-

ther described in Table 1. Each country is in the
process of scaling an EIR nationwide. Key charac-
teristics of each country’s EIR are captured in
Table 2.

Vietnam
In 2010, the National Expanded Program on
Immunization began working through Project
Optimize to improve immunization coverage rates
by developing 2 new systems: ImmReg, a digital
registry to manage individual vaccination history,
and VaxTrak, a digital vaccine stock management
tool.26 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. The NIIS has been shown to increase vac-
cination coverage and timeliness,13 and as of
October 2022, the NIIS includes 32.2million client
records and has been implemented in 16,000 facil-
ities (representing nearly all facilities nationwide,
including all community health centers but ex-
cluding some hospitals and fee-based facilities).
In the second half of 2020, the government of
Vietnam began transitioning to a paperless immu-
nization system based on the results of a readiness
assessment conducted in 2 provinces.35

Tanzania
The Better Immunization Data (BID) Initiative,
funded by the Bill & Melinda Gates Foundation,
launched in 2013 to improve data quality and
data use for immunization.36 Through the BID
Initiative, representatives from 10 sub-Saharan
African countries codesigned common EIR require-
ments that became the basis for the EIR require-
ments in Tanzania and Zambia.37

Beginning in 2014, Tanzania’s Ministry of
Health, Community Development, Gender, Elderly
and Children and PATH collaborated to design
and implement an EIR. The first iteration, the
Tanzania Immunization Information System, was
developed in 2014, but due to technical challenges
was replaced by a new system—the Tanzania
Immunization Registry (TImR)—in 2016.38 TImR
was rolled out to facilities as part of a larger package
of interventions that focused on data quality and
data use.36 From 2018 to 2019, the Tanga region,
(359 facilities) transitioned to completely paperless
reporting. Mwanza (328 facilities) and Kilimanjaro
(306 facilities) regions transitioned to paperless
reporting in April 2021. As of April 2021, TImR
includes 1.9 million client records and has been
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TABLE 1. Comparison of Country Immunization Contexts in Vietnam, Tanzania, and Zambia

Vietnam Tanzania Zambia

Health system Vietnam’s health system consists of
5 main levels: national, regional,
provincial, district, and commune.
The MOH establishes policies,
manages national and regional
hospitals/institutes, and provides
general oversight of the health
system.

Tanzania’s health sector operates
under the MOHCDGEC, and the
President’s Office - 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 pro-
vincial level to support hospital and
district health management teams.

Immunization program The NEPI was established in 1985
to provide free immunization ser-
vices to protect 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 Program of the
MOHCDGEC focuses on adminis-
tration, M&E, cold chain and logis-
tics, routine immunization, and
training.23

Despite high vaccination coverage,
the country faces challenges related
to subnational inequalities in cover-
age, low uptake of new vaccines,
inaccurate target populations, and
insufficient data use.24

Since the mid-1990s, Zambia has
decentralized many health ser-
vices, including immunization, to
its 9 provinces and 72 districts. In
recent years, Zambia has improved
its immunization service delivery
and sustained high coverage rates.
However, the country still faces ser-
vice delivery challenges, including
highly mobile populations, vaccine-
preventable disease outbreaks, sub-
national coverage inequalities, and
data quality challenges.25

Immunization data and reporting Before 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 man-
agement, and reporting. The paper-
based forms were often missing
data, time consuming and laborious
to complete, and a barrier to com-
plete reporting and efficient vaccine
stock management.26 Now all
immunization facilities capture
data in the National Immunization
Information System. Some facilities
have transitioned to paperless
reporting (using only the EIR), but
most use parallel paper-based and
electronic systems.

Before the launch of its EIR in 2016,
Tanzania’s immunization informa-
tion system was paper-based at the
facility level and digital from the
district level up. At the facility level,
health workers recorded monthly
reports on paper before submitting
them to district managers who en-
tered digital reports into the DHIS2
system. In addition to the DHIS2, the
Excel-based District Vaccine
Management Tool and the Stock
Management Tool supported immu-
nization service delivery.10 Where
the Tanzania Immunization Registry
has been introduced, most facilities
are using it in parallel to these
paper-based tools. Facilities in
2 regions have transitioned to
paperless reporting.

In Zambia, facility health care
workers capture immunization
data using paper-based forms and
submit a monthly report of aggre-
gate data to the district using the
HIA2 form.11 At the district, data
are entered into the DHIS2, the
country’s primary health informa-
tion system.27 The facility paper-
based forms continue to be the
standard and are used in parallel
to the Zambia EIR where it has
been introduced.

Vaccination coverage of childrena

BCG 88% 75% 92%

Third dose of DTP 83% 81% 91%

Birth cohort 1.4 million (2022)29 2.3 million (2022)30 683,355 (2022)31

National digital health market maturityb 2 2 2

Abbreviations: BCG, bacille Calmette-Guerin; DHIS2, District Health Information Software 2; DTP, diptheria-tetanus-pertussis; EIR, electronic immunization registry;
HIA2, Health Information Aggregation 2; M&E, monitoring and evaluation; MOH, Ministry of Health; MOHCDGEC, Ministry of Health, Community Development,
Gender, Elderly and Children; NEPI, National Expanded Program on Immunization.
aWorld Health Organization/UNICEF estimates from 2021.28
b Based on a 5-point scale where 1 is the lowest maturity and 5 is the highest maturity.32
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TABLE 2. Comparison of Electronic Immunization Registries Across Vietnam, Tanzania, and Zambia

Vietnam Tanzania Zambia

System name National Immunization Information
System

Tanzania Immunization Registry Zambia Electronic Immunization
Registry

Technology platform Bespoke system developed by
Viettel

OpenIZ platform (now known as
SanteDB, SanteSuite), an open-
source immunization manage-
ment system33

OpenSRP, an open-source mobile
digital global goods platform34

System functions

Registration of individuals,
including demographic
information

X X X

Registration of vaccination
events, including information
on administered vaccine

X X X

Growth monitoring data X

Individual monitoring X X X

Aggregate reports X X X

Stock management X (from national to commune level) X (facility) X

Health worker decision support X X X

SMS reminders for clients X X

Automated scheduling and
reminders

X

Interoperability/data exchange Vietnam developed an API based
on HL7/FHIR to enable the NIIS to
exchange data with other systems
since many fee-based immunization
facilities and private hospitals have
their own systems to track their cli-
ents (covering multiple health areas
beyond vaccination).
The NIIS is also interoperable with a
mobile phone application, known
as the e-immunization card, that
allows parents/clients to access
their individual NIIS data.

TImR is integrated with the
VIMS, an electronic logistics
management information system
that tracks vaccine supplies from
national level down to district
level.
An attempt to integrate TImR
with the national birth registry
compromised the TImR system
performance; this challenge is
currently being addressed.

ZEIR is in the process of being inte-
grated with DHIS2, the country’s
national HIS. ZEIR reports are cur-
rently pushed to a cloned version
of DHIS2, mirroring the official HIS.
ZEIR is integrated with mVacc
(mobile vaccination), a community-
level RapidPro system that communi-
ty health workers use to send SMS
messages to remind families to bring
their children for immunization.

Workflows Individuals are registered from birth
using a unique ID, which is gener-
ated by the NIIS.
Data are entered by immunization
health workers at health facilities,
often using computers shared
across health areas.
Aggregate data reports are gener-
ated for users at all levels of the
health system to view.

Individuals are registered from
birth. A barcode sticker is ap-
plied to the child’s health card
and scanned as the TImR unique
ID. The caregiver’s ID captured
in TImR is linked with the nation-
al civil registration and vital sta-
tistics system.
Immunization providers at health
facilities enter data using tablets.
Data can be captured in offline
mode and later synced.
Aggregate data reports are gen-
erated for users at all levels of the
health system to view.

Individuals are registered from
birth using a unique ID generated
by ZEIR.
Immunization providers at health
facilities enter data using Android-
based tablets. Data can be captured
in offline mode and later synced.
Aggregate data reports are gener-
ated for users at all levels of the
health system to view.

Abbreviations: API, application programming interface; DHIS2, District Health Information Software 2; HIS, health information system; HL7/FHIR, Health Level 7/
Fast Healthcare Interoperability Resources; ID, identifier; NIIS, National Immunization Information System; SMS, short message service; TImR, Tanzania Immunization
Registry; VIMS, Vaccine Information Management System; ZEIR, Zambia Electronic Immunization Registry.
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implemented in 3,736 of approximately 6,000 facili-
ties across 15 of 26 regions inmainland Tanzania.

Zambia
Like Tanzania, Zambia was selected to implement
a package of immunization data quality and
use interventions through the BID Initiative.36

Beginning in 2015, the Zambia Ministry of Health
(MOH) partnered with PATH to develop an EIR.
The initial system, built on theDHIS2 Tracker plat-
form, did not meet certain requirements for immu-
nization and entailed a lengthy development
timeline. In early 2017, Zambia turned to the
Open Smart Register Platform (OpenSRP) to
develop the Zambia Electronic Immunization
Registry (ZEIR).34 After piloting ZEIR in early
2017, the registry was rolled out across all health
facilities that deliver immunization services in
Southern Province.36 As of October 2022, ZEIR
has been implemented in 29 districts in Southern
and Western Provinces, capturing more than
329,000 client records across 596 health facilities.
There are plans to continue to scale ZEIR to reach
all 2,600 health facilities across 9 provinces
nationwide.

IMPLEMENTATION EXPERIENCE
There are many factors that influence the sustain-
ability and scale of a digital health intervention.
The mHealth Assessment and Planning for Scale
Toolkit provides a framework for conceptualizing
the various “axes” of scale including: groundwork,
partnerships, financial health, technology and
architecture, operations, andmonitoring and evalu-
ation.39 Previous studies have assessed the imple-
mentation experiences in Tanzania, Vietnam, and
Zambia using this toolkit to understand facilitators
and barriers to scaling the EIRs.40,41 Previous studies
have also summarized the “on the ground” imple-
mentation approach used to introduce the EIRs in
Tanzania and Zambia,42 challenges in sustaining fa-
cility use of the EIRs,43 and how the data use culture
evolved over time.9

Although each country’s implementation ex-
perience has been well documented, comparing
across country implementation experiences can
unearth new insights. We compared experiences
related to 4 factors: timelines, partnerships, fi-
nancial costs, and technology and infrastructure.
These factors were prioritized based on the authors’
experience implementing EIRs and frequently asked
questions from other stakeholders interested in
learning from the case countries’ implementa-
tion experience. This study draws from relevant

documentation, including project reports, commu-
nication materials, planning documents, technical
guidance documents, and peer-reviewed literature,
as well as the authors’ firsthand implementation
experience. The authors are MOH staff and PATH
staff who supported the EIR implementations.

Timeline
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. We considered timing for the key phases
of the EIR product development process: design,
development, and deployment. Design refers to
the initial phase of defining 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 de-
ployment phase refers to the introduction of the
EIR system across relevant levels of the health sys-
tem. Figure 1 and Figure 2 present the detailed
timelines for the phases by country.

The cases highlight the long timeline required
to implement an EIR at scale. In Vietnam, it took
7 years from the start of Project Optimize26 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 9 years later, both coun-
tries are still in the process of scaling the EIR na-
tionwide. Across all 3 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 rede-
sign and learn from the experience.41 Subsequent
cycles added more complex requirements, yet the
timing for design and development was streamlined
because of the ability to build on the existing system.
For example, the initial design of ImmReg and
Vaxtrak took 4 months and 6 months, respectively,
but the integration of ImmReg and VaxTrak into a
single web-based application in 2013–2014 took ap-
proximately 2 months because the system work-
flows, interface, functionalities, architecture, and
end-user needswerewell understood from theprevi-
ous implementations.

The protracted timeline for EIR design and devel-
opment in Tanzania and Zambia was in part because
the defined requirements were more advanced than
the technology available at the time. In Tanzania,

Comparing across
country
implementation
experiences can
unearth new
insights related to
specific
implementation
factors.
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development of the Tanzania Immunization
Information System was initially planned for
3 months but due to the complexity of the system
being developed, it was extended to 6 months.
As previously mentioned, technical challenges
with the system led to the decision to update the
requirements, release a revised request for pro-
posals, and select a new system.44

Similarly in Zambia, there were challenges
adapting the initial software (DHIS2 Patient
Tracker) to meet the requirements, and devel-
opment stopped after 10 months.45 After refining
the requirements, Zambia selected the OpenSRP-
based ZEIR in early 2017. OpenSRP had already been
successfully used for immunization in Pakistan,
which contributed to the efficient development

in Zambia, requiring 3 months of development
time for an initial release and 6 months for a near-
complete version for expanded rollout.46

The governments of Tanzania and Zambia plan
to scale their respective EIRs nationwide; however,
there have been delays due to a lack of funding
from donors, leadership turnover, and shifts in
resources and priorities in response to the COVID-19
pandemic.

Partnerships
In all 3 case countries, interdisciplinary teams—
with experience in leadership, technology, and
immunization—were established to oversee the
EIR projects, which is consistent with recommen-
dations in existing EIR guidance documents.17–19

FIGURE 1. Electronic Immunization Registry Implementation Timelines in Vietnam

Abbreviation: NIIS: National Immunization Information System.

FIGURE 2. Electronic Immunization Registry Implementation Timelines in Tanzania and Zambia

Abbreviations: DHIS2, District Health Information Software 2; TIIS, Tanzania Immunization Information System; TImR, Tanzania Immunization
Registry; ZEIR, Zambia Electronic Immunization Registry.
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In Vietnam, when the NIIS was being redesigned
to scale from 1 province to 63 provinces nationwide,
the NIIS Technical Working Group (TWG) was for-
malized. The TWG includes representatives from the
following partners.

� The MOH General Department of Preventive
Medicine provides management authority,
stakeholder coordination, administration sup-
port, and oversight of provincial implementa-
tion and policy change.

� TheNational Expanded Programon Immunization
provides immunization expertise, acting as the
technical lead on immunization workflows,
corresponding user requirements, and report-
ing systems.

� Viettel, one of the largest mobile network
operators in Vietnam, provides technology ex-
pertise to develop and maintain the system.

� PATH provides technical support and facilitates
communication between TWG members, serv-
ing 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 financial re-
sponsibilities, which created delays in coordination
and implementation.47 Based on this experience
in Vietnam, it would have been helpful to have a
memorandum of understanding (MOU) or formal
agreement in place to clarify roles, deliverables, fi-
nancial responsibilities, and outcomes among the
TWG partners.47

In addition, partners at subnational levels in
Vietnam were involved in the design phase to in-
form 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, Expanded Program on Immunization
officers, and storekeepers.

In Tanzania, through the BID Initiative, the
Ministry of Health, Community Development,
Gender, Elderly and Children partnered with
PATH. An MOU was signed in September 2014 to
formalize the relationship. PATH provided techni-
cal oversight and business analysis support, and
the MOHwas responsible for testing and ensuring
the EIR met the use case requirements. The na-
tional Immunization and Vaccine Development

Program, the MOH Information Communication
Technology Unit, and regional and district leader-
ship (particularly in the pilot site, Arusha Region)
were active participants during the design and de-
velopment phases. During the development phase,
Mohawk College (Canada) was selected to develop
TImR. Mohawk College partnered with an in-
country software firm, Softmed, to provide local
support. 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 deliv-
ery, supply chain, data collection, or community
engagement.48

In Zambia, through the BID Initiative, the
Ministry of Community Development, Mother
and Child Health partnered with PATH and signed
an MOU in 2015 to formalize the relationship.
Although the Expanded Program on Immunization
unit was under the Ministry of Community
Development, Mother and Child Health, the
management of the Information Communication
Technology Unit and monitoring and evaluation
were under the MOH. This structure was chal-
lenging to coordinate decision-making between
2 ministries and led to delays in the EIR design, de-
velopment, and implementation process. A TWG
was formed in 2015 that included staff from the
Expanded Program on Immunization, Monitoring
and Evaluation, and Information Communication
Technology units from both ministries which facili-
tated streamlined decision-making. In 2016, the
Mother and Child Health unit shifted to fall under
theMOHandanewMOUwas signed. In theEIRde-
velopment phase, Kenya-based software developer
Onawas contracted to develop ZEIR and a local soft-
ware company, BlueCode, was also contracted to
support ongoingmaintenance of the system. At sub-
national levels, provincial and district leaders in
Southern Province (the area selected to pilot the
EIR) worked closely with PATH. Like Tanzania, a
UAG was established that included district, facility,
and community level end users to provide inputs
on the system design and development.49

At the national level, all cases highlight the im-
portance of 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 impor-
tance of user-centered design to inform the EIR
design and development. In Vietnam, this was
achieved through an initial landscape assessment to

In Vietnam, all
partners bring
complementary
expertise and
have been crucial
to the scale-up of
theNIIS from
design to
deployment.

At subnational
levels, all cases
highlight the
importance of
user-centered
design to inform
the EIR design and
development.
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identify critical EIR requirements based on end user
needs and by incorporating user feedback and les-
sons learned in each system iteration. In Tanzania
and Zambia, establishing the UAGs was seen as a
successful approach to ensure timely testing and in-
put from end users throughout the system design
and development.50

A key difference in partnership approaches
across the cases is the role of the software developer.
In Vietnam, there is a strong public-private partner-
ship 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 confidence in Viettel’s
data security; and Viettel can support the connec-
tivity, infrastructure, and business needs of the
EIR.47 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 Tanzania, not having the lead developers in-
countrymade communication challenging because
of time zone differences and a limited understand-
ing of the local use cases. When there were critical
system issues, the fixes were often delayed due to
the time zone differences and limited capacity out-
side of the software teams. Mohawk College part-
nered with an in-country software firm, Softmed,
to improve responsiveness and build capacity for
ongoing system maintenance and sustainability.
A similar approach was taken in Zambia where
Ona partnered with a local software company,
BlueCode, which helped address communication,
contextualization, and sustainability challenges.

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.17–19

When the BID Initiative launched in 2013, there
was limited evidence on the cost of implement-
ing 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 main-
tain 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 largest shares of the overall
costs.51 However, for each deployment to subse-
quent regions in Tanzania, costs declined by
implementing the learnings gained from previ-
ous deployments.

The total annualized cost of developing, deploy-
ing, and maintaining the EIRs and their related
suite of interventions through the BID Initiative
was estimated to be US$3.30–US$3.81 per child
for the regions in Tanzania and US$8.46 per child
in Zambia.51 The Zambia estimate is higher per
child in part because of a smaller birth cohort com-
pared to Tanzania. Additionally, a micro-costing
study estimated the annual cost savings per facility
resulting from the introduction of the BID inter-
ventions (including the EIR) as US$10,236 in
Tanzania and US$628 in Zambia, largely driven
by health worker time savings in service delivery
and reporting.7 The difference in cost savings be-
tween the 2 countries may be because of the
shorter evaluation time in Zambia, where health
workers may have still been adjusting to the new
system post-introduction and had not yet real-
ized its full benefits.

The rollout strategy used in the EIR deploy-
ment phase can have large cost implications.
Initially in Tanzania, the PATH team led the de-
ployment through a series of visits to health facili-
ties for on-site training. However, this approach
was too expensive and technically infeasible to
scale. The team shifted to a new approach where-
by PATH staff trained district data use mentors
who led the facility-level deployment. The new
approach improved country ownership and re-
duced implementation costs by 10%–65%per dis-
trict.42 Vietnam also used a training-of-trainer
approach for national, regional, and provincial
level staff, as well as training for district staff in
20 provinces. During the deployment phase, user
feedback resulted in unanticipated costs to update
the NIIS and to provide supportive supervision
visits to address technical issues. Overall, the pilot
phase in Vietnamwas longer than planned, which
resulted in higher costs than originally projected.

Across all case countries, the MOH has contrib-
uted significant in-kind time, and there was invest-
ment from donors, including the Bill & Melinda
Gates Foundation, the United Nations Foundation,
GlaxoSmithKline, and Gavi, the Vaccine Alliance.
In Vietnam, Viettel absorbs many costs associated
with the system itself. Since Viettel joined the NIIS
TWG, they have provided in-kind services to sup-
port the development and deployment of the
NIIS. Although Viettel is committed to supporting
the NIIS, they have raised the challenge of ongoing
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investment in infrastructure and human resources.47

The Vietnam MOH and Viettel are discussing an
appropriate mechanism and service fee that will
allow Viettel to operate, maintain, and upgrade
the system. In Tanzania and Zambia, the MOH in
each country began to take over procurement costs
toward the end of the BID Initiative project, includ-
ing buying tablets, providing project vehicles, and
using government staff for trainings.

In all 3 countries, local governments are re-
sponsible for budgeting for ongoing operational
costs. This includes covering the cost of maintaining
or replacing equipment (e.g., computers, tablets,
barcode scanners, and printers), conducting refresh-
er trainings, providing supportive supervision, and
funding Internet or 3G connectivity. In Vietnam, an
ongoing cost that was not factored into the original
financial 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.

Technology and Infrastructure
EIR guidance documents highlight the importance
of considering the infrastructure needs to inform
the selection of and support for a new technology.17

All 3 case countries underscore the need to un-
derstand the local technology and infrastructure
context and design the EIR to fit the context. In
Vietnam, in the early design phase of ImmReg, a
landscape assessment was conducted to assess
the information technology knowledge of health
workers, lessons learned from previous software
implementations, and available equipment and
connectivity. The results in 2011 showed that
commune health centers did not have computers
or Internet connectivity, limited resources were
available to purchase computers, and health
workers had limited computer skills but 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 mo-
bile phones, theywere not familiarwith download-
ing and installing new software, which created
challenges. By 2013–2014, when ImmReg and
VaxTrak were combined and upgraded, most com-
mune health centers had computers and an
Internet connection, so the combined system
was designed as a web-based application.

In Tanzania and Zambia, the UAGs advised on
the technological infrastructure during the EIR

design phase. In Tanzania, at the outset of the
BID Initiative in 2013, eHealth was a national ob-
jective 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 health care workers, most facilities did not
have computers, and some facilities were not con-
nected to the national electricity grid nor Internet
services. In Zambia, 144 (48%) of 302 health facil-
ities in the pilot region of Southern Province had
no consistent power source.40

The existing infrastructure informed decisions
during the design phase. In Tanzania, this meant
online and offline functionality were required
and tablets had to be purchased 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 feasi-
ble, and all facilities received tablets to use the EIR.
Similarly in Zambia, based on the existing infra-
structure, 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. In both countries, solar chargers were pro-
cured for facilities with intermittent electricity.

The deployment phase requires ongoing tech-
nical support and system maintenance. In Tanzania
and Zambia, there were challenges resulting from
limited technology skills and confidence among
health workers, difficulty purchasing and distribut-
ing sufficient data bundles to support tablet con-
nectivity, and inconsistent data syncing between
the tablets and EIR.40 There are also ongoing efforts
to integrate TImR and ZEIR with other systems in
each respective country. In Vietnam, the system
has required continuous editing to add new vac-
cines, new variables, or new data queries based on
end-user feedback.

An important aspect of ongoing technical sup-
port is direct support to end users. Over time, the
approach in Vietnam shifted from in-person to re-
mote technical support, which has saved time, im-
proved responsiveness, and decreased the number
of field trips for the technical team. Currently, re-
mote support includes an artificial intelligence
chatbot, a telephone hotline, technical support
groups on a popular social media application
(Zalo), and trained mentors at each level of the

In all countries,
the existing
infrastructure
informed
decisions during
the design phase.
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health system. In addition to support from the
health system, Viettel has an end-user support
network and 24/7 hotline that ensure timely
technical support for end users. In Tanzania, im-
munization staff at each level of the health sys-
tem provide technical support to end users at
lower levels, and facility health care workers use
district WhatsApp groups to raise issues or trou-
bleshoot. In Zambia, the MOH provides supervi-
sion and training and is working with BlueCode
to build the MOH capacity for both technical and
governance ownership of the project.

DISCUSSION
The governments of Tanzania, Vietnam, and
Zambia were early pioneers among LMICs in
Africa and Southeast Asia in designing, devel-
oping, and deploying EIRs. After years of imple-
mentation efforts, some of the cross-country
learnings are just as relevant today, such as the
importance of interdisciplinary teams to lead
these efforts and the need to design based on the
existing technological infrastructure. However, the
EIR and digital health context has shifted in im-
portant ways.

The protracted timelines for EIR design and
development were in part because the systems
were newly developed and defined requirements
were more advanced than the technology avail-
able at the time. Now, the technology has ad-
vanced, 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 Kenya, Pakistan, and
Zambia, with cost and time savings in each subse-
quent rollout.46 And the concise set of require-
ments used to inform the ZEIR development have
been packaged and shared as a proposed mini-
mum viable product for other EIR implementa-
tions, regardless of software.38 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 implemen-
tation.52 These resources will support countries to
start from existing software or minimum viable
product requirements that can be iteratively
adapted or expanded as necessary.

Leveraging existing software solutions or
requirements has the potential to reduce EIR de-
sign and development costs. In the field of digital
health more broadly, there has been a call for

research on the costs associated with implemen-
tation of digital tools, particularly their ongoing
operational and maintenance costs.21 As more
countries introduce EIRs, they should capture
their costs to fill this evidence gap and test the hy-
pothesis that there are cost savings from adapting
existing systems.

Alongside the availability of new technology,
the onset of the COVID-19 pandemic and the sub-
sequent availability of COVID-19 vaccines pushed
many countries to consider using digital systems for
vaccine management. Many countries adapted sys-
tems they were already using. For example, DHIS2
is an open-source health information management
system in use in 73 LMICs. Building on their exist-
ing systems and capacity in using DHIS2, 43 coun-
tries have operationalized DHIS2 as a COVID-19
vaccine management system. Although some of
these countries are reporting aggregate data, many
of them are using DHIS2 Tracker as an EIR to cap-
ture individual-level data on COVID-19 vaccines.53

Although not specific to a single implementa-
tion factor, the importance of planning for sustain-
ability and scale from the start was an emergent
cross-cutting theme. Partnerships that promote
government ownership and engage end users
can foster sustainability. The importance of plan-
ning for ongoing financing, technical support, and
system maintenance at scale was also highlighted.
Another sustainability consideration that surfaced
was planning for the transition from legacy tools,
including developing guidance on any criteria that
need to bemet 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.41,43,54

The Box summarizes the recommendations
based on the comparison of experiences in
Vietnam, Tanzania, and Zambia. Future research
should also compare experiences from other coun-
try contexts to add to these recommendations,
particularly in Latin America where many countries
have implemented EIRs.55 And as noted earlier,
there are a wide range of factors that influence the
sustainability and scale of EIR; 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 3 country cases that were
not selected to be representative of countries that
have introduced EIRs. Future research could im-
plement a more systematic case selection process

For new countries
implementing
EIRs, the design
and development
phases should be
streamlined
compared to our
case countries
because the
technology has
advanced.
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with defined criteria to maximize generalizability
of the findings from EIR implementations.56

Another limitation is this study considered a sub-
set of implementation factors, but taking a wider
lens could elicit other findings and recommenda-
tions. Finally, the authors acknowledge our par-
ticipation in the implementation of the EIRs in
the case countries. Although this limits the inde-
pendence of our perspectives, it allows us to draw
on our in-depth knowledge of the implementa-
tion experience to strengthen the case studies and
provide recommendations.

CONCLUSIONS
As there is growing interest across countries in in-
troducing EIRs to support their immunization pro-
grams, they can learn from the experiences of
Vietnam, Tanzania, and Zambia. Comparing im-
plementation factors—time, partnerships, finan-
cial costs, and technology and infrastructure—
across these cases highlights practical experience
and recommendations that complement existing
EIR guidance documents. As more countries in-
troduce EIRs and leverage existing software solu-
tions, we expect to see further streamlining of
timelines and financial costs.
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