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Article Info Abstract
Digital health passports are emerging as pivotal tools for facilitating safe global

mobility, particularly in the context of pandemics and international travel. These
digital platforms securely store and verify individuals’ health data, including
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Published: 23-08-2023 burdens. Key challenges include privacy concerns, data standardization, equitable
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among governments, technology providers, healthcare institutions, and international
organizations. Case studies illustrate the effectiveness of pilot programs in enhancing
travel safety, minimizing cross-border disease transmission, and restoring traveler
confidence. The paper emphasizes that digital health passports not only support public
health objectives but also contribute to the resilience and efficiency of global
transportation systems. Future research should focus on improving interoperability
standards, addressing ethical concerns, and evaluating long-term impacts on mobility,
health equity, and international collaboration.
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Introduction

Global mobility, encompassing tourism, business travel, and migration, is a cornerstone of economic and social connectivity,
contributing $8.9 trillion to global GDP in 2019 21, The COVID-19 pandemic disrupted this, reducing international travel by
70% in 2020 due to border closures and health risks 1. Digital Health Passports (DHPs), also known as vaccine passports or
health credentials, enable safe travel by verifying health statuses through secure digital platforms, such as vaccination records
or negative test results [* %1, These tools aim to balance public health with economic recovery, facilitating safe cross-border
movement [61,

Implementing DHPs requires cross-disciplinary collaboration: public health ensures medical accuracy, data science secures and
processes information, and policy frameworks address ethical and legal concerns [ 8, Benefits include faster border processing,
reduced disease transmission, and restored traveler confidence [°1. However, challenges such as privacy risks, lack of global
standardization, and inequitable access threaten their efficacy [ 3, This article examines DHP technologies, challenges,
innovative solutions, case studies, and future directions, supported by 50 references in VVancouver style, to guide their ethical
and effective adoption for global mobility.
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Challenges in Digital Health Passports

DHPs face multifaceted challenges that span technical,
ethical, and social domains. Technical barriers include
interoperability; fragmented systems like the EU Digital
COVID Certificate (DCC) and IATA Travel Pass lack
universal standards, leading to verification issues across
borders [*2 13, Data security is paramount, as breaches could
expose sensitive health information, with 15% of health apps
reporting vulnerabilities in 2022 [ 151, Scalability is also a
concern, as infrastructure costs for DHP systems range from
$10-50 million per country 61,

Ethical concerns focus on privacy and equity. DHPs collect
personal health data, raising risks of surveillance or misuse
by governments or corporations 7 18 Equity issues arise
from disparities in vaccine access—only 20% of low-income
populations were vaccinated by 2023—and limited
smartphone penetration in developing regions [ 201, Social
challenges include public distrust, with 40% of surveyed
populations in 2021 expressing concerns about government
overreach or discrimination against unvaccinated individuals
[21, 22]

Regulatory inconsistencies further complicate adoption, as
countries apply varying data protection and health
verification standards 231, Environmental impacts, such as the
energy demands of blockchain-based DHPs, also warrant
attention [?4,  Addressing these challenges demands
innovative, inclusive, and standardized solutions.

DHP Technologies and Methodologies

DHPs leverage advanced technologies to ensure secure,

verifiable health credentials. Key technologies include:

e QR codes: Encode vaccination or test results for quick
scanning, as seen in CommonPass 2% 281,

e Blockchain: Provides tamper-proof records, used in
IBM’s Digital Health Pass to ensure data integrity [7 28

e Biometric authentication: Enhances security through
facial recognition or fingerprints, as implemented in
CLEAR’s Health Pass [,

e Cloud-based platforms: Enable real-time data sharing
across borders, as in the DIVOC platform [,

Methodologies for DHP development include:

e Interoperability frameworks: Standards like the
WHO'’s Global Digital Health Certification Network
(GDHCN) ensure cross-system compatibility (%32,

e Privacy-preserving protocols: Zero-knowledge proofs
verify credentials without exposing underlying data [
34]

e Data integration: APIs connect DHPs with electronic
health records (EHRs) and travel systems like airline
databases [,

e User-centered design: Ensures accessibility through
multilingual interfaces and low-bandwidth options ¢,

Interdisciplinary approaches integrate public health expertise
for medical accuracy, cybersecurity for data protection, and
social science for user trust and cultural sensitivity [7 381,
Participatory design with communities ensures DHPs reflect
diverse needs (9,

Innovative Solutions
Technical Solutions
e Open standards: WHO’s GDHCN and ICAQO’s Health
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Master List promote global interoperability, reducing
verification errors by 20% in pilot tests (4041,

e Offline alternatives: Paper-based QR codes or NFC-
enabled cards accommodate low-tech regions, as seen in
Africa’s Trusted Travel 42,

e Al-driven verification: Automates health checks,
reducing border processing times by 30% in trials (4344,

Ethical and Policy Solutions

e Privacy frameworks: GDPR-compliant systems limit
data retention to 30 days, minimizing surveillance risks
[45, 46]

e Equity measures: Subsidized smartphones and vaccine
distribution programs, like COVAX, address access gaps
[47, 48]

e Transparent governance: Independent audits, as
piloted by the EU, ensure ethical data use ],

Social Solutions

e Public campaigns: Education initiatives, like
Singapore’s DHP outreach, increased acceptance by
25% (591,

e Inclusive design: Multilingual apps and offline options
enhance accessibility, serving 80% of users in low-
resource settings 5% 521,

Case Studies

EU Digital COVID Certificate

The EU DCC, adopted by 80 countries, verifies vaccination,
test, or recovery status, enabling seamless travel across
Europe with 90% user satisfaction 3 4. Its open-source
framework ensures privacy through decentralized data
storage and interoperability with global systems.

CommonPass in Aruba

CommonPass, implemented in Aruba, streamlined tourist
entry by integrating with airline systems, reducing quarantine
times by 50% [55 %1, Partnerships with United Airlines and
local health authorities ensured scalability and trust.

African Union’s Trusted Travel

The Trusted Travel platform supports cross-border mobility
in Africa, addressing vaccine inequity through regional
coordination and offline QR codes 157 %81, It improved access
for 10 million travelers in rural areas by 2023.

India’s DIVOC Platform

DIVOC, used in India and Sri Lanka, issued 1 billion digital
certificates integrated with CoWIN, enabling efficient
verification at borders [5° 6. Community feedback ensured
multilingual support and accessibility.

These cases demonstrate DHPs’ ability to balance health,
mobility, and equity through context-specific solutions.

Challenges and Ethical Considerations

Technical challenges include system integration; non-
standardized data formats cause verification errors in 15% of
cross-border cases [%4. High costs—$20 million average per
system—Ilimit adoption in low-income countries ¢,

Ethical concerns involve surveillance risks, particularly with
centralized databases that could enable tracking [63- 641, Equity
gaps persist, with low-income countries facing vaccine
shortages and only 30% smartphone penetration in some
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regions [®°1. Social resistance, driven by privacy fears and
misinformation, slows adoption, with 35% of global
populations skeptical in 2022 surveys [,

Solutions require transparent data practices, equitable
resource distribution, and inclusive technology design to
ensure trust and accessibility [67 681,

Future Directions

Advancements in 5G and cloud computing will enhance DHP
scalability, reducing verification times by 40% [©° 701 Al can
predict health risks, integrating with DHPs for proactive
travel restrictions "4, Blockchain improvements, like energy-
efficient consensus algorithms, will address environmental
concerns [72],

Policy recommendations include global standards through
WHO and ICAQ, alongside subsidies for low-income regions
[73 71 Future DHPs could expand to chronic disease
management or fitness tracking, integrating with national IDs
for broader applications "> 761, Community co-design will
ensure equitable access and cultural relevance 7],

In conclusion, DHPs are transformative for global mobility,
enabling safe travel while addressing public health needs.
Their success hinges on overcoming technical, ethical, and
social barriers through interdisciplinary collaboration,
standardized protocols, and inclusive design. By fostering

trust and equity, DHPs can shape a resilient, connected future
[78, 80]
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