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DEFINITION OF KEY TERMS

Digital health: refers to the application of digital tools and technologies (such as mobile apps,
electronic health records, telemedicine, and data analytics) to enhance the delivery of healthcare

services, improve patient outcomes, and increase system efficiency (1).

M-health (mobile health) refers to the use of mobile and wireless devices (like smartphones,
tablets, and wearable tech) to deliver health services, monitor health data, and support health

behavior change, especially in remote or underserved areas (2).

Human Immunodeficiency Virus (HIV) is a virus that weakens the body's immune system,
particularly the white blood cells (CD4/T-cells) that play a key role in defending against

infections(3).

HIV Continuum of Care is a public health model describing the sequence of steps of HIV medical
care that people living with HIV go through from diagnosis to achieving and maintaining viral
suppression, including diagnosis, linkage to care, retention in care, initiation of antiretroviral

therapy (ART), adherence and viral suppression (4).
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INTRODUCTION

My name is Felix Richard Manyogote, a public health physician with a strong passion for
digital health and health systems strengthening. My interest in digital health began in 2017
when | attended the World Summit on Artificial Intelligence and served as a judge for the
Botnar Challenge. This challenge focused on recognizing and empowering youth-driven
innovative and digital solutions aimed at improving the health and wellbeing of young people
in Tanzania. This experience ignited my dedication to exploring how technology can transform
healthcare delivery in resource-limited settings.

In 2022, | graduated with a Master’s degree in Tropical Medicine and Infectious Diseases
from the Liverpool School of Tropical Medicine in the United Kingdom. Following this, | began
working as an Infectious Diseases Specialist within the HIV unit at the Tanzania Ministry of
Health. Through my role, | have gained in-depth insight into the ongoing challenges in the
HIV continuum of care in Tanzania, particularly around linking patients to care, retention, and

viral suppression.

This thesis explores the potential of digital health technologies to strengthen the HIV
continuum of care in Tanzania. Despite significant progress, many gaps and inefficiencies
remain in the continuum, undermining efforts to control the epidemic. Digital health tools offer
promising avenues to improve patient engagement, streamline service delivery, and enhance
health outcomes. | chose this topic because of my commitment to leveraging innovative
approaches to overcome healthcare challenges in Tanzania. | believe that understanding how
digital health technologies can be effectively integrated into the HIV care system will provide

valuable guidance for policymakers and practitioners aiming to improve HIV service delivery.

The general objective of this thesis is to assess the role and impact of digital health
technologies in enhancing the HIV continuum of care in Tanzania, with the goal of identifying
practical recommendations to inform future implementation and scale-up efforts. Through this
research, | hope to contribute to strengthening Tanzania’s HIV response and supporting

progress toward global HIV targets.



ABSTRACTS

Introduction:

The HIV epidemic remains a critical public health challenge in Tanzania, with substantial gaps
along the HIV Continuum of Care from diagnosis to viral suppression particularly in rural and
underserved populations. Digital Health Technologies (DHTSs) have emerged as innovative tools
with the potential to strengthen healthcare delivery systems. This review explores how DHTs have
been utilized to enhance the HIV Continuum of Care in Tanzania, synthesizing evidence to inform

policy and programmatic strategies.

Methodology:

This study employed a comprehensive literature review design guided by the HIV Continuum of
Care framework. A total of 623 articles published between 2010 and May 2025 were retrieved
from databases such as PubMed, Scopus, Web of Science, and Google Scholar using keywords
like “digital health,” “HIV,” and “Tanzania.” After applying inclusion and exclusion criteria, 38
studies were included for final analysis. Data were extracted using a standardized form, focusing

on intervention type, target population, stage of care addressed, and reported outcomes.

Resulis:
Digital health interventions identified included mHealth solutions (SMS reminders, chatbots,

mobile apps), electronic health records (EHRs), HIV self-testing kits, telemedicine platforms,
biometric systems, and real-time adherence tools. These technologies primarily targeted early
and middle stages of the HIV care cascade, including diagnosis, linkage to care, and ART
adherence. Fewer interventions addressed ART initiation and viral suppression. Key facilitators
of digital health uptake included strong government policy frameworks, mobile phone penetration,
and locally tailored innovations. However, barriers such as infrastructure limitations, digital literacy

gaps, fragmentation of digital systems, and data privacy concerns were also identified.

Conclusion:

Generally, digital health technologies show great promise for improving HIV continuum care in
Tanzania. However, to maximize impact, more focus is heeded on overcoming systemic barriers.
A holistic, equity-driven approach is key to advancing national HIV goals and universal health

coverage.



1.1: GEOGRAPHY AND DEMOGRAPHY OF TANZANIA

Tanzaniais a country located in East Africa
region covering approximately 947,300
square kilometers with 31 administrative
divisions, making it a largest country within
East Africa (5). The Country is
characterized by vast geographic diversity
from coastal lowlands and inland plateaus
to mountainous regions and remote rural
communities (6). This geographic diversity
presents significant logistical challenges
for healthcare delivery, particularly in
ensuring equitable access especially in
rural and hard-to-reach areas(7, 8).
Demographically, Tanzania has a
population of about 65 million people with
two-third of her citizens being youth
residing outside urban centers (9).
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1.2: SOCIOECONOMIC AND POLITICAL LANDSCAPE OF TANZANIA

Tanzania is a lower-middle-income country, with mixed economy relying on agriculture, which
employs more than 65% of the population contributing to 27% of the country GDP (11). Despite
recent economic growth, Unemployment among youth remains high, and education levels vary
widely by region, affecting health literacy and engagement with digital health tools (11). Access
to quality health services remains uneven, often constrained by poverty, geographic isolation, and
limitations in infrastructure, including electricity and internet connectivity, which are critical
enablers for digital health implementation (7, 8, 12, 13).

Politically, Tanzania has demonstrated a growing commitment to digital transformation in the
health sector by promoting digital health polices and strategies (14).

1.3. TANZANIA HEALTH SYSTEMS

Tanzania’s health system is decentralized as a strategy to improve health equity and ensuring
efficient use of resources, increased accountability and reduced bureaucracy (15, 16). The health
system consists of both public (70%) and private sectors (30%) and operates across multiple tiers
(figure 1), beginning at the community level and ascending through primary, secondary, and
tertiary care levels (15, 17, 18). At the community level, healthcare is often provided by
Community Health Workers (CHWSs), who play a vital role in preventive services, health
education, and outreach, particularly in rural and underserved regions (17, 19). Having a total of
11,805 health facilities, Dispensaries are the most prevalent (7,804 in number) followed by health
centers (1,126 in number) (20). They both serve as the first point of contact for many citizens
especially in rural and remote areas, while district hospitals offer more comprehensive
services(20). Specialized and advanced care is delivered at regional referral and national
hospitals, which represent the top tier of the system. The Ministry of Health holds responsibility
for national health policy development, strategic planning, and regulatory functions(20).
Concurrently, Local Government Authorities (LGAs) oversee the implementation and
administration of health services at the local level. This decentralized governance model is
intended to enhance accountability and better align services with community-specific health
needs (18). The financing of health services in Tanzania is multifaceted, relying on a blend of

public, private, and donor resources(20).

Despite being decentralized, Tanzania’s health system faces several challenges including
shortage of skilled health workers, maldistribution favoring urban areas and Infrastructural

weaknesses, especially in lower-level facilities (rural areas) where there is inadequate electricity
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supply (8, 13, 15, 16). Infectious diseases, such as malaria, tuberculosis, and HIV/AIDS, continue
to strain the system, while infrastructure gaps, including long distances to healthcare facilities,
remain a barrier for many (21, 22). Despite these challenges, Tanzania’s health sector holds
substantial opportunities for advancement. Digital health technologies, provide a modern solution
to improve access and operational efficiency thus strengthening the system (14).

ADMINISTRATIVE LEVEL SERVICE LEVEL

National Level Referral Abroad

Zonal Level ‘ Referral/Specialized Hospitals

Regional Level Regional Hospital Services

Divisional Level Health Centre Services

o R,

Village Community Health Post

THE COMMUNITY Family

Figure 2 above: Tanzania health system structure (23)

The World Health Organization (WHO) defines digital health as the use of digital technologies for
health to enhance health outcomes and access to care, emphasizing its role in strengthening
health systems and achieving Universal Health Coverage (UHC) (2). Digital health encompasses
a broad array of tools, including electronic health records (EHRs), mobile health (mHealth)
applications, telemedicine, artificial intelligence (Al), big data analytics, and wearable devices. (1,
24). The WHO's Global Strategy on Digital Health (2020—2025) underscores the importance of
equitable access to digital health tools and the need for robust governance to ensure their
effective implementation(25) . Ensuring inclusivity in design and implementation is critical so that
all users, regardless of background, have the necessary skills and access to benefit from these
technologies (26, 27). Complementing this, the WHO's 2023 Digital Health Intervention Typology
12



offers a structured framework to classify digital health solutions based on three dimensions: health
system challenges (e.g., equity, resilience), digital health interventions (e.g., client communication,
decision support), and digital service applications (e.g., mobile apps, EHRs). This typology provides
a common language to better design, implement, and evaluate digital interventions across contexts,

especially in resource-limited settings (28).

The adoption of digital health strategies varies significantly across countries, influenced by factors
such as infrastructure, digital literacy, policy environment, and socioeconomic conditions (29, 30,
31, 32). High-income nations have leveraged advanced technologies to create integrated health
systems, while low- and middle-income countries have focused on scalable solutions to bridge
healthcare gaps (33, 34). In low- and middle-income countries, challenges such as limited
literacy, digital literacy, internet access, and device availability are compounded by poverty,
gender inequality, and weak infrastructure, particularly for marginalized populations (35, 36).
Despite these barriers, the use of digital technology in Africa is growing rapidly, with roughly 570
million Internet users as of early 2025 (with users expected to exceed 780 million by 2029) (37).
Recent estimates indicate that approximately 50% of mobile connections in the Sub-Saharan
Africa are attributed to smartphones (38). This shift shows a promising opportunity to leverage
digital health for improved health service delivery. Despite the promise of digital health, it is also
important to consider concerns about data privacy, interoperability, scalability, and equitable

access especially in rural and underserved populations (39, 40, 41, 42, 43).

To ensure sustainable and impactful implementation, digital solutions must be aligned with local
needs, cultural contexts, and healthcare priorities (39, 43). Addressing these concerns requires
collaborative efforts among governments, healthcare providers, and technology developers to

create sustainable and inclusive digital health ecosystems (24, 43).
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Figure 4 above: lllustration of Digital health technologies (44).

Tanzania’s digital landscape is rapidly advancing, fueled by growing use of mobile phones and
increased internet penetration (45, 46). As of 2024, the country recorded approximately 86.8
million internet subscribers, reflecting a 275% increase during five years period (47). Recent
reports show that, as of 2024 the country has an internet penetration rate of 31.9% with
approximately 47.9 million mobile internet subscriptions of whom 22.3 million usersrelyon 2 G
technologies (48). Strategically positioned as a key node in the East African fiber-optic network,
Tanzania has attracted significant public and private investments in information and
communication technology (ICT) infrastructure (47). This investment has contributed to the
growing affordability and accessibility of digital devices such as smartphones and tablets by the
majority, reinforced by 4G (88% coverage) and evolving 5G (20% coverage) technologies (47).
In response to such progress, the government of Tanzania has made considerable progress in
integrating digital health technologies into its healthcare system, driven by the government's
commitment to achieving universal health coverage (UHC) and the Sustainable Development
Goals (SDGs)(14).

The National Digital Health Strategy (2019-2024) outlined the country's vision for harnessing

digital innovations to support health information systems, service delivery, health workforce

14



development and strengthening data-driven decision-making, and build resilient digital systems
(49). Its implementation is guided by policies and protocols concerning data governance,
interoperability, and ethical standards, aimed at ensuring responsible and inclusive deployment
of digital health technologies (49). This strategy is consistent with national and global
commitments, such as the Health Sector Strategic Plan (HSSP V) and the Sustainable
Development Goals (SDGs. It was complemented by the Digital Health Investment Roadmap
(2018-2023) to provide detailed plan for efficient resources allocation and prioritization of digital
health projects (50).

The government of Tanzania in collaboration with her development partners has managed to
develop the National ICT Broadband Backbone (NICTBB) project that has facilitated expansion
of broadband connectivity advancing industries including the health care sector (51). This
extensive fiber-optic network connects healthcare facilities across the country, enhancing efficient
data sharing and communication (51).The development of this infrastructure has further enabled
the deployment of various digital health platforms, including the District Health Information
Software (DHIS2), electronic logistics management information systems (eLMIS), electronic
Health facility registries, Government of Tanzania Hospital Management Information System
(GoTHoMIS) and mobile health initiatives targeted for patient education, appointment scheduling,
and remote consultations, particularly in rural areas (49). Despite these advancements, the digital
health landscape in Tanzania has been shaped by both opportunities and challenges (35). On
the positive side, the country has benefited from strong political will, partnerships with international
organizations, and lessons learned from previous digital Health strategies (49). However,
challenges such as limited internet connectivity in rural areas, unreliable electricity infrastructure,
inadequate human resources, and resistance to transitioning from paper-based systems

(insufficient digital literacy among healthcare workers) persist (45, 49).

Taking a consideration of these barriers, the Government of Tanzania in collaboration with
development stakeholders has recently launched the Digital Economy Strategic Framework

(2024-2034) that places digital technologies at the core of national development (52).

This Framework emphasizes on strengthen digital infrastructure, enhancing digital literacy
through capacity building and fostering digital inclusion especially among underserved and rural

populations through implementation of context specific digital innovations (52).
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Human Immunodeficiency Virus (HIV) is a virus that weakens the body's immune system,
particularly the white blood cells that play a key role in defending against infections. Without
treatment, HIV can progress to Acquired Immunodeficiency Syndrome (AIDS) (3). A person can
acquire HIV through unprotected sexual intercourse (vaginal sex, anal sex, or oral sex), blood
transfusion, Sharing Needles or Syringes with an infected person, and from HIV mother to her
child. Unlike other viruses, the body cannot eliminate HIV, so it remains lifelong, but with
Antiretroviral therapy (ART), it can be controlled by enhancing viral suppression and preventing
disease progression (53).

HIV remains to be a global public health of concern with more than 39.9 million people living with
the virus as of 2023 of whom 77% were on ART. (53). Globally, Sub-Saharan Africa bears highest
burden with approximately 25.6 million people living with HIV accounting for 65% of all HIV
infections highlighting the need for effective prevention, testing, and treatment strategies. (53).
To lower mortality rates and improve the quality of life for those living with HIV, the World Health
Organization (WHO) recommends optimal engagement on the HIV care Cascade (54). The
recommended HIV care cascade includes a sequence of stages ranging from diagnosis, linkage
to care, early initiation of ART irrespective of CD4 count and clinical stage, retention in care, and
achievement of viral suppression. Weaknesses at any stage of this cascade can weaken the
overall effectiveness of HIV care service for those living with HIV (54).

As global efforts increase toward achieving HIV control, UNAIDS sets 95-95-95 targets aiming to
speed up efforts to eliminate AIDS as a public health threat by the year 2030 (55). The goals
include ensuring that 95% of all individuals living with HIV are aware of their status, 95% of those
diagnosed receive continuous ART, and 95% of those on ART achieve viral suppression by 2025
(55). In Tanzania Similar to other Sub-Saharan African countries, HIV remains to be a major public
health of concern causing death and impacting significantly individuals, families, and communities
on a profound scale (56). It is estimated that as of 2023, Tanzania had about 1.7 million people
living with HIV(PLHIV) and more than 34,000 deaths that were associated to HIV/AIDS (56). The
country has got an HIV prevalence of rate of 4.7 percent with variations across regions, whereas
Mbeya had 14 percent, Iringa at 13 percent and Dar es Salaam at 11 percent (56).Over the past
decade, Tanzania has made significant progress toward achieving the UNAIDS 95-95-95 targets
for 2025 whereas statistics shows that 83% of PLHIV know their status, 98% of those aware of
their HIV status are on ART and 94% of those on ART have achieved viral suppression (57).
Despite the progress, health system gaps remain especially in early diagnosis, linkage to care,
and retention to care, which are often aggravated by systemic barriers such as health workforce

shortages, long Travell distance to access health facilities, inadequate data management
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systems, and poor patient follow-up (58, 59). Additionally, Socio-economic and Cultural Factors
influencing engagement of HIV services along the HIV continuum of care includes poverty, Stigma
and lack of social and family supports (60, 61, 62).

Addressing the challenges to optimal engagement to HIV Continuum care requires multifaceted
and integrated approaches that strengthen the HIV care cascade, improve quality and access to
HIV service and address socio-economic and cultural determinants of health (63).Digital Health
technologies have emerged as innovative promising tools to strengthen each of the HIV care
cascade by improving patient engagement and communication, coordinate clinical processes,
and enabling real-time data collection, improve patient-provider communication, support data-
driven decision-making and foster better adherence and retention to care (64, 65). If utilized
effectively, these technologies have the potential to bridge HIV service delivery gaps contributing

to achieving universal health coverage (UHC) in Tanzania (64).

HIV remains a major challenge for Tanzania's healthcare system, with an estimated adult
prevalence rate of 4.7% as of 2023 (56).Despite progress made by the country to increase access
to ART and reduce new Infections, significant gaps remain in in fully optimizing the HIV care
continuum (57). The HIV care continuum, which highlights the chronological stages from HIV
diagnosis to successful viral suppression, remains sub-optimal in many settings
disproportionately affecting vulnerable groups including adolescents and women contributing
significantly to poor health outcomes and unsuppressed viral load (55). High-levels engagements
on the HIV Continuum Care of more than 95% are crucial for optimizing viral suppression and
reduce new infections as undetectable viremia implies the disease is untransmittable (U=U) (66).
Undetectable viremia contributes to improved health outcomes, reduced risk of HIV related
complications, morbidity and mortality for people living with HIV (66). Available Literature reveals
that People living with HIV in Tanzania, face numerous difficulties in engaging at multiple stages
of the of HIV Continuum care leading to delayed diagnosis, insufficient viral suppression and
ongoing transmission risks limiting the achievement of UNAIDS 95-95-95 targets aimed at ending
the HIV epidemic (61). Evidence shows that such gaps are aggravated by Health system
challenges such as health workforce shortages, long Travell distance to access health facilities,

inadequate data management systems, and poor patient follow-up (61, 67, 68).
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Further studies have highlighted, Socio-economic factors such as poverty, lack of social and
family (psychological) supports and inability to afford transport costs limit access to healthcare
facilities and further exacerbate disparities in healthcare access and adherence to ART (66, 69,
70). Another piece of Literature has highlighted Cultural Factors such as Stigma, fear and
discrimination as factors influencing gaps on fully optimizing the HIV care continuum for people
living with HIV (60, 71, 72, 73). Individual factors such as HIV Literacy also remains as a critical
issue as misinformation and misconception can discourage individuals from accessing HIV care
contributing to delayed diagnosis and frequent interruptions on HIV care contributing to poor
health outcomes (61, 74, 75). All mentioned factors influencing gaps on fully optimization of the
HIV care continuum are exacerbated by lack of secured platforms for accessing HIV services
(61).

Recent evidence from several studies in Sub-Saharan Africa shows that emerging Digital
technologies offer potential solutions in strengthening patients and healthcare providers
engagement throughout the HIV continuum of care leading to improved health outcomes (76, 77,
78). Furthermore, digital health technologies were found to address barriers such as stigma,
privacy concerns, long waiting time, and costs associated with traveling to health facilities for HIV
Services (78, 79).

For instance, in Kenya mHealth interventions like text messaging, or short-message-service
(SMS) have improved access to HIV care by strengthening patient and healthcare provider
communications motivating patients to adhere to their ART appointments at health facilities and
facilitates timely follow-ups for PLHIV (80). Similar findings were reported in South Africa, where
SMS notifications led to a 16% increase in retention to care among key populations enrolled in
CTC clinics. While these studies highlighted the potential of SMS reminders, they highly relied on
generic messages without customization to individual patient needs based on the context, raising
concerns about their long-term engagement potential and scalability in rural or low-literacy
populations (81). Additionally, in Uganda Mobile phone Applications such as MakCHS Health app
and Medly Uganda were found to increase engagement in HIV care by facilitating patient-provider
communication, streamlining data reporting and timely follow up contributing to adherence to
antiretroviral therapy (ART) (82). However, the uptake of such apps remains uneven, largely
limited by digital literacy, smartphone ownership, and intermittent internet connectivity factors
particularly prevalent in rural areas (83).

Furthermore, digital diagnostic innovations like Point-of-care (POC) digital HIV self-testing Kits
have been potential in Kenya and Uganda enhancing early diagnosis and linkage to care (84, 85).
A study by Wachinger in 2021 found that digital self-testing linked to SMS-based counseling
improved both uptake and timely linkage to confirmatory testing and ART initiation (86). Another

study by Muendo conducted in 2024 has revealed that digital HIV self-testing kits enhance
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accessibility and reduce stigma during the diagnostic process, making it easier for people to learn
their status in privacy (87). However, these studies largely targeted urban populations in these
two countries, limiting insights into their application in rural contexts where stigma, access, and
cultural beliefs differ significantly.

Beyond patient engagement interventions, Available Literatures highlighted that electronic health
records (EHRs) and digital monitoring systems have played a potential role in improving HIV
service delivery in Sub Saharan Africa (88, 89). For instance, in Uganda, the implementation of
EHRs led to reductions in missed appointments and better tracking of patient progress along the
HIV Continuum care (90). Likewise, a study in Mozambique found that digitizing ART registers
helped health workers detect patients at risk of dropping out of care and intervene early (91).
Despite these successes, challenges such as system interoperability, inadequate training, and
data security concerns continue to hinder full integration and scale-up of EHR systems in many
Sub-Saharan Countries (92).

Previous studies have also documented that Telemedicine in Sub-Saharan African has been
potential to address the shortage of HIV specialists and reduce the burden on tertiary facilities
(93, 94). For example, a teleconsultation program in South Africa enhanced access to HIV
specialist care in rural clinics, reducing the necessity for patients to travel long distances to
healthcare facilities (95). Nevertheless, limited infrastructure, poor connectivity, and inconsistent
policy frameworks present obstacles to mainstreaming telemedicine into HIV care systems (94,
95).

Furthermore, studies have identified that Digital adherence platforms, such as real-time electronic
dose monitoring (EDM) tools and smart pillboxes, have been used in high burden settings like
South Africa, Kenya and Uganda (96, 97, 98, 99). A study conducted in South Africa using the
Wise pill real-time electronic adherence device showed an 10% improvement in medication
adherence among youth. However, concerns remain about the feasibility of scaling due to the

device's high cost and technical complexity(98, 99) .
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While Digital health technologies have been deployed in various regions of Tanzania to enhance
HIV service delivery, persistent gaps in the HIV care continuum threaten progress particularly in
rural and resource-limited areas (100, 101). Despite available scattered primary researches, pilot
projects and donor-funded interventions, there is limited synthesis of existing consolidated
context-specific evidence to understand their collective impact on the HIV care cascade. There is
thus an urgent need to explore and understand how digital health technologies are functioning to
strengthen the HIV Continuum Care in the specific context of Tanzania's health system. Exploring
and understanding the impact of these technologies in strengthening the HIV care cascade is
critical for proposing evidence-based strategies, informing future investments and policy
decisions in Tanzania. This review critically synthesizing evidences from existing literatures on
the roles and impacts of digital health innovations on strengthening the entire HIV Continuum of
Care in Tanzania. This review further identifies enablers and barriers influencing acceptability and
uptake of Digital health technologies among diverse populations as well as factors influencing
their effective integration in the Tanzania HIV response and provide evidence-based
recommendations to enhance national scale up. Furthermore, this review will serve as a potential
resource for policymakers, implementers, and researchers seeking to optimize HIV service

delivery and improve health outcomes in Tanzania.

RESEARCH QUESTION:

What is the Potential of digital health technologies on strengthening the HIV Continuum Care in

Tanzania?

OBJECTIVES:
Main Objective

e To conduct a comprehensive literature review exploring the potential of digital health
technologies on strengthening the HIV Continuum of care in Tanzania and propose
evidence-based policy recommendations to the Government of Tanzania for effective and

strategic implementation.

Specific Objectives
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0) To Identify and examine digital health interventions used to enhance HIV care in Sub-
Saharan Africa, with an emphasis on their relevance and potential applicability within the
Tanzanian context.

(i) To Discuss effectiveness of digital health interventions on key components of the HIV care
Continuum in Tanzania, including testing, linkage to care, ART initiation, retention,
adherence, and viral suppression.

(iii) To identify enablers and barriers influencing acceptability and uptake of Digital health
technologies among diverse stakeholders as well as factors influencing their effective
integration in the Tanzania HIV response.

(iv)  To propose evidence-based recommendations to the government of Tanzania and her
stakeholders for enhancing and scaling up digital health technological interventions into

Tanzania’s HIV health care system.

3.1: METHODOLOGY
3.1.1: Study Design

This study adopts a literature review design to explore and critically analyze existing evidence on
the Potential of digital health technologies on strengthening the HIV continuum of care in
Tanzania.

A Literature review is an appropriate methodology for synthesizing existing knowledge from a
wide range of studies and identifying patterns, outcomes, and gaps in the literature. Given the
increasing integration of digital health interventions in public health, this design allows for a robust

evaluation of their specific applications across different stages of HIV care.

3.1.2: Search Strategy

To identify relevant literature, | employed a comprehensive search strategy using multiple
electronic databases, including PubMed, Scopus, Web of Science, and Google Scholar. The
search covered studies published between January 2010 and May 2025, a period marked by
significant advances in digital health globally and in Tanzania. | created search terms using
keywords such as "digital health," "eHealth," "mHealth,” "HIV," " HIV continuum of care," and
"Tanzania." Boolean operators such as AND/ OR were applied to refine the search and ensure
the retrieval of studies that specifically address digital health technologies within Tanzania’s HIV

care system. | also conducted a snowballing search by following the references of the identified
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studies to gather additional sources that might not have been captured in the initial search thus
contributing to more comprehensive findings. Furthermore, | explored related information from
government and NGO reports and publications in Tanzania. This robust search strategy aims to
gather diverse perspectives, evidence, and case studies relevant to the research objectives.

3.1.3: Inclusion and Exclusion Criteria

To ensure the relevance and quality of the included studies, | employed specific inclusion and
exclusion criteria. Studies were included if they were published from 2010 to 2025 and examined
the use of digital health technologies records in the context of HIV care in Tanzania. Only studies
focusing on Tanzania or similar low-resource settings were included, as they offer a comparable
healthcare context.

Eligible studies also needed to address at least one stage of the HIV Continuum of Care, such as
testing, linkage to care, ART initiation, retention, or viral suppression. Peer-reviewed articles,
policy reports, and reputable grey literature were included, provided they were published in
English. Conversely, studies were excluded if they focused non-digital technologies, exclusively
focus on non-HIV-related interventions, and conducted outside Tanzania without a clearly
transferable context, or were not available in English. Research with insufficient data on digital
health's role in HIV care were also excluded to ensure a high-quality dataset for analysis. These
criteria help ensure that the review remains focused, contextually appropriate, and

methodologically sound.

3.1.4: Data Extraction

A structured data extraction process was implemented to ensure consistency and completeness
across all selected studies. A standardized data extraction form was used to capture key details,
including the author names, year of publication, study location, target population, type of digital
health intervention examined, HIV care stage addressed, reported outcomes, and identified
challenges or enablers. This rigorous data extraction process allowed for comparison and
synthesis of findings across different studies and contexts, enabling a nuanced understanding of

how digital technologies are influencing each component of the HIV care continuum in Tanzania.

3.1.4: Limitations of Study Design/Methodology

While this Literature review provides valuable insights into the potential of digital health
technologies in strengthening HIV care in Tanzania, several limitations exist. One major limitation
is language bias, as only English-language publications were included, potentially excluding

relevant studies published in Swahili or other languages. Additionally, although grey literature was
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included to reduce publication bias, studies with negative or inconclusive findings may still be
underrepresented, potentially skewing the overall analysis of digital health technologies on
strengthening the HIV care cascade in Tanzania. Furthermore, methodological differences across
studies may limit comparability, as variations in study design, sample size, and data collection
methods could influence results. Another Limitation is contextual applicability, as findings from
studies conducted in different settings may not entirely reflect Tanzania’s unique healthcare
environment, particularly in rural areas. Despite these limitations, the study mitigated potential
biases by including diverse sources and critically evaluating the quality and relevance of each

study selected for review.

HIV Continuum of Care Framework

The HIV continuum care is a framework that tracks the pathway of individuals with HIV, from diagnosis
to achieving and maintaining viral suppression. This framework outlines sequential steps a person
living with HIV goes through from diagnosis to sustained viral suppression. These steps include HIV
testing and diagnosis, linkage to care, initiation of antiretroviral therapy (ART), retention in care, and
achieving viral suppression (4). Each component of the HIV Continuum of Care is connected and
follows a specific order, where advancement in one step is necessary for success in the in the next
step. For instance, without effective and widespread HIV testing, individuals cannot be diagnosed and
connected to care. Prompt and effective linkage to care is crucial to start antiretroviral therapy (ART),
and maintaining ongoing care helps ensure adherence, which ultimately results in viral suppression
(102).

The HIV Continuum of Care framework was chosen as the analytical lens for this study due to its
widespread applicability in evaluating the performance of HIV service delivery systems. The HIV
Continuum of Care framework directly aligns with the main research objectives of this study, which
seek to explore the potential of digital health technologies on strengthening the HIV Continuum care
in Tanzania. The framework enables a structured exploration of how different technologies are applied
across each stage and where gaps (barriers) exist such as underrepresented stages or underserved
populations and highlight where digital health has the most and least influence (4). By using the
continuum as a guiding structure, the study systematically assesses how digital innovations contribute
to improved patient outcomes and overall system performance, offering evidence-based insights for

public health stakeholders and policymakers.
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Figure 4 above illustrates the HIV Care Continuum (102).

4.1: OVERVIEW

This section presents findings from a comprehensive literature review of 38 articles published
between 2010 and 2025 exploring the potential of digital health technologies in strengthen the HIV
Continuum of Care in Tanzania.

The results are organized according to the study’s specific objectives, beginning with identification
of digital health interventions in similar context to Tanzania, followed by their effectiveness in
Tanzania’s HIV care continuum, factors affecting their uptake and integration, and concluding with

policy-relevant recommendations to the government of Tanzania.

Study Selection and Characteristics

The initial search yielded a total of 623 records. After removal of 103 duplicate entries, 520 unique
records remained. Of these, 88 articles were excluded for lack of open access or full-text
availability, resulting in 432 records eligible for title and abstract screening. During the preliminary
screening of titles and abstracts, 297 articles were excluded for failing to meet the basic inclusion
criteria mainly due to focus on non-HIV conditions, lack of digital intervention, or relevance to
high-income settings. The remaining 135 articles were subjected to full-text assessment.
Following a detailed review, 97 articles were excluded thus, a total of 32 articles were retained for
inclusion in the final review (Figure 4).
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Figure 5: study selection and characteristics
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This section presents findings related to the first objective of the study which is to identify and
analyze digital health interventions used to enhance HIV care in Sub-Saharan Africa, with an
emphasis on their relevance and potential applicability within the Tanzanian context. This review
identified a broad range of digital health interventions implemented in Sub-Saharan Africa to support
various stages of the HIV Continuum of Care. These include:

(i) Mobile health (mHealth) technologies:

mHealth technologies are among the most widely adopted digital health interventions for enhancing
the HIV continuum of care in Sub-Saharan Africa. Leveraging widespread mobile phone access,
interventions such as SMS reminders, chatbots, hotlines, and interactive voice response (IVR)
systems have improved ART adherence, appointment attendance, and patient education. Mobile apps
and web-based platforms also support service delivery and engagement, while video animations (e.qg.,
promoting Undetectable = Untransmittable [U=U]) are used in youth-friendly services to reduce stigma
and encourage treatment adherence. Additionally, social media platforms like Facebook, WhatsApp,
and TikTok play a growing role in HIV education, stigma reduction, and linking users to prevention

and care services .

According to available evidences, mHealth is recognized as a cost-effective and scalable solution for
strengthening patient engagement and system-level efficiencies by facilitating real-time
communication and improved service delivery, especially in rural and underserved areas where health
infrastructure is limited. With growing government support for digital health platforms, these m-health
technologies are vital in bridging service gaps and enhancing the quality and continuity of HIV care in

Tanzania.
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(i)  Telehealth and Telemedicine:

Telemedicine refers to remote clinical care, while telehealth includes both clinical and non-clinical
services delivered through tools like video conferencing and digital communication. In Sub-Saharan
Africa, these technologies have improved the HIV continuum of care by overcoming geographic and

infrastructure barriers.

This review has found that, in many Sub-Saharan African countries these platforms have facilitated
remote clinical consultations, medication adherence support, psychosocial counseling, and follow-up
care particularly in rural and underserved areas. Several studies reported that video conferencing
enables timely consultations between primary care providers and HIV specialists, improving clinical
decision-making and reducing unnecessary referrals. Additionally, telehealth supports the
management of stable patients and the delivery of follow-up care, thereby easing the burden on
overtaxed urban healthcare facilities. The relevance of telehealth in the Tanzanian context is
underscored by its potential to bridge gaps in healthcare access, especially in remote settings with

limited healthcare personnel and HIV specialists.
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(i)  Electronic Health Records (EHRS):

EHRs involve Digital systems that store and manage patient health information, allowing healthcare
providers to track HIV diagnosis, treatment regimens, viral load results, and follow-up care efficiently
across different facilities. This review has found that EHRs are a central component of digital HIV care
in Sub Saharan Africa, significantly improving data quality, clinical efficiency, and program monitoring.
Several studies conducted in Sub Saharan Africa highlighted health information technology, health
management information system (HMIS), tablet-based electronic data capture (EDC), electronic
information source (EIS), health smart card (HSC), and Android-based data collection system as most
prevalent EHR of interest in the continent.

Recent evidence shows that, the transition from paper-based records to digital formats has reduced
transcription errors, improved data retrieval, and enhanced provider decision-making. EHRs allow for
longitudinal tracking of HIV-positive clients, enabling continuity of care even when patients transfer
between facilities. The relevance of EHRs in the Tanzanian context is underscored by its potential to

bridge gaps in data quality, clinical efficiency, and program monitoring.
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This section presents findings related to the second objective of the study which is to discuss
effectiveness of digital health interventions on key components of the HIV care Continuum in
Tanzania, including testing, linkage to care, ART initiation, retention, adherence, and viral
suppression.

Digital health technologies identified in this review were categorized according to the specific
stages of the HIV Continuum of Care they targeted. Interventions were assigned to multiple
categories if they addressed more than one stage. Out of the 32 articles included in the review, a
total of 25 digital health interventions were identified as addressing various components of the
HIV Continuum of Care in Tanzania. The majority of these interventions focused on HIV
diagnosis, linkage to care and adherence to treatment, while relatively few targeted ART initiation
and viral suppressions. While this reflects strategic prioritization, it also underscores the need for
a more comprehensive and balanced approach that addresses all stages particularly the later

stages like viral suppression to improve quality and equity across the HIV care continuum.

Table 2: Distribution of digital health technologies based on the specific HIV
Continuum Care

HIV Continuum care (Stage) Number of digital health
interventions
HIV Diagnosis/Testing 8
Linkage to Care 4
ART Initiation 3
ART adherence & Retention to care 7
Viral Suppression 3
TOTAL 25

Table 1: Distribution of digital health technologies
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In this review the majority of digital interventions (n=12) were designed to support clients engaging
with HIV care. A total of 9 interventions aimed at supporting healthcare workers, and 2

interventions focused on health managers and 2 on data users

HIV Continuum care (Stage). Clients Health care Health Data

providers Managers Users
HIV Diagnosis/Testing 5 3 0 0
Linkage to Care 3 1 0 0
ART Initiation 0 2 1 0
ART adherence & Retention to care 4 2 0 1
Viral Suppression 0 1 1 1
TOTAL 12 9 2 2

Table 2: HIV Continuum care addressed

The diagnosis of HIV represents the foundational entry point in the HIV Continuum of Care. In
Tanzania, one of the most widely adopted digital interventions or HIV Diagnosis in Tanzania is
mobile health (mHealth). Through SMS reminders, Chatbots USSD services, mHealth platforms
have been widely used to disseminate HIV awareness messages, promote testing campaigns,
and guide individuals to the nearest testing sites (103, 104). SMS based interventions have shown
considerable promise in increasing HIV testing uptake, particularly among youth. Research
indicates that text message reminders, significantly enhance testing rates and adherence to
follow-up care. A study conducted in Kilimanjaro region found that approximately 42% of youth
aged 15 to 24 expressed willingness to undergo HIV testing when prompted by a confidential
SMS, highlighting the strong feasibility and acceptability of such digital approaches (105).

Chatbots and USSD-based reporting tools are increasingly integrated into HIV digital strategies,
providing on-demand information and decision support particularly appealing to youth and tech-
savvy users seeking discreet and stigma-free engagement. These conversational tools help
expand the reach of care, improve user engagement, and reduce the burden on human
counselors. For instance, the “My Wangu” chatbot guides adolescents and young people toward

HIV diagnosis by offering self-assessment, kit usage and linking users to nearby testing services
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while reducing stigma and access barriers with 79% of users preferred chatbot support over
human counseling (106).

Furthermore, this review has identified that the use of HIV self-testing (HIVST) through digital
health platforms have been potential innovations in enhancing HIV Diagnosis in Tanzania while
promoting accessibility. One of the most innovative approaches to increasing HIV testing access
in Tanzania has been the deployment of digital vending machines in Mwanza and Geita regions,
implemented by ICAP in partnership with CDC and PEPFAR (107). These machines operate 24
hours a day dispensing oral HIV self-testing kits, making HIV testing accessible outside of
traditional clinic hours. Their operational display brief instructional videos on how to use the kits.
Users access the machines with an anonymous ID, which also enables counselors to provide
follow-up support through phone or WhatsApp, ensuring that individuals who test positive are
linked to confirmatory testing and care. Their anonymous and discreet nature appeals to
individuals who may avoid facility-based services due to stigma showing high uptake among men
who have sex with men (MSM) and female sex workers (FSWs). Nevertheless, concerns around
data privacy and confidentiality, especially when accessing these tools in shared living
environments remain significant challenges (107).

In parallel, the AfyaDepo platform allows individuals mainly in urban centers like Dar es Salaam
to order online SD Bioline self-test kits for home delivery receive virtual counseling, and report
results through QR codes, reducing stigma associated with clinic-based testing, though access
remains limited in rural and low-connectivity regions (108).

This review has further identified digital decision-support tools to assist healthcare providers in
identifying individuals eligible for HIV testing based on risk assessments through use of artificial
intelligence (Al) and machine (109). A study in Northern Tanzania showed that predictive models
using demographic and behavioral data accurately identified likely HIV-positive contacts,
improving the efficiency of index testing. When integrated with mobile platforms, these tools can
support more precise community-based testing and better allocation of diagnostic resources
(109).

Geographic Information Systems (GIS) have been applied to enhance spatial targeting of HIV
testing services. By mapping HIV prevalence and identifying underserved populations, GIS tools
enable better planning of mobile outreach and community testing services (110). A USAID-
supported initiative in Iringa Region used GIS mapping to direct mobile testing units to high-priority
areas, resulting in a 35% increase in testing coverage. Despite their demonstrated effectiveness,
the use of GIS remains sporadic, largely due to the technical expertise required and challenges
in maintaining up-to-date data. Nonetheless, GIS remains a cost-effective strategy in the long run,

optimizing the use of testing resources and expanding coverage in remote areas (111).
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At the laboratory level, point-of-care (PoC) diagnostic tools, such as GeneXpert machines for
early infant diagnosis (EID), are being supported by digital solutions like the HITSystem, which
tracks samples and notifies both providers and caregivers via SMS (112). This has led to
significant reductions in EID result turnaround times (from 17 to 9 days) and improved ART
initiation rates. A study in Iringa District, Tanzania, explored factors influencing HIV early infant
diagnosis (HEID) uptake among HIV-positive mothers found that digital tools improved data
quality and service delivery. Perceived self-efficacy and awareness boosted by digital
interventions were key predictors of HEID uptake (112). Another pilot study evaluating the T-HIT
mHealth system in rural Tanzania documented 1,530 antenatal visits, with 695 women (45.42%)
tested for HIV and 55 (3.59%) testing positive. Additionally, 103 women (6.73%) could not be
tested due to reagent shortages, a barrier captured by the digital system but typically missed in
paper records. While HIV testing rates did not significantly differ between T-HIT and control sites,
a statistically significant increase in HIV-positive cases was observed postintervention (P = .04)
(113).

Linkage to care is the process of connecting a person who has tested positive for HIV to
healthcare services for evaluation, treatment planning, and initiation of care. A range of digital
health interventions have been implemented across Tanzania to strengthen the linkage to HIV
care following diagnosis.

A qualitative study conducted in Hai and Moshi districts explored both client and provider
perspectives on digital interventions following HIV self-testing. The findings highlighted that digital
tools such as SMS reminders and mobile health applications helped reduce barriers such as
stigma and misinformation, while guiding individuals to appropriate care (114).

Although these tools were found helpful in guiding newly diagnosed individuals toward timely care,
concerns were raised about digital literacy and the need for user-friendly interfaces to ensure
effective uptake (114). The study emphasized the need for community engagement and the
tailoring of interventions to local contexts to enhance acceptability and effectiveness.

In a different setting, a study conducted in Mbeya by the National Institute for Medical Research
explored mobile HIV Testing and Counseling (mHTC) services that combined mobile testing with
digital tracking systems. The intervention significantly improved linkage to care, especially in rural
and key populations, by physically accompanying clients to health facilities and using digital
records to support active follow-up. This approach addressed logistical challenges such as
distance to facilities and poor referral tracking (115).

A broader scoping review conducted in 2025 synthesized findings from across Sub-Saharan
Africa, including Tanzania, and confirmed the growing adoption of mobile apps, SMS reminders,

hotlines, and chatbots to support post-diagnosis linkage. These technologies were particularly
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effective among youth and marginalized groups, providing discreet, real-time support and
appointment reminders (79).

Complementing this, a 2019 study conducted in Dar es Salaam assessed the acceptability of
mobile phone-based follow-up through Tanzania’s National HIV Hotline among men who used
HIVST. The findings showed that over 98% of participants had access to mobile phones, and
prior engagement with HIV-related text messaging significantly increased their willingness to
receive post-test counseling, indicating high accessibility and acceptability of such mobile
interventions (116).

Another review of mHealth applications in Sub Saharan Africa including Tanzania, further support
the cost-effectiveness and feasibility of these digital interventions. Low-cost technologies like
SMS reminders and mobile counseling platforms have shown consistent benefits in improving
linkage and early ART initiation (101). However, challenges persist, including digital literacy gaps,
concerns over confidentiality, and the limited integration of digital tools with national health
information systems. Despite these barriers, the evidence strongly supports that digital health
interventions when contextually adapted and equitably implemented can significantly enhance
linkage to HIV care in Tanzania by bridging information gaps, addressing psychosocial barriers,

and improving system coordination (79, 114, 115, 116).

ART Initiation implies Starting of antiretroviral medications that suppress HIV replication, after

diagnosis, regardless of CD4 count.

This review has identified a growing body of evidence demonstrating the potential of digital health
technologies in enhancing the initiation of ART in Tanzania. A key example is the implementation
science study conducted between 2022 and 2023 in Njombe and Mbeya regions, which piloted a
community-based ART delivery model for female sex workers (FSWs) using digital platforms
(117). This intervention employed digital referral tracking to track, follow up, and deliver home
based ART initiation to newly HIV diagnosed individuals. Outreach teams employed digital case-
management tools via tablets or smartphones to monitor patients through the ART initiation
process. The results were striking: ART initiation rates among FSWs reached 83% within 14 days
of diagnosis, substantially higher than rates achieved through traditional facility-based models
(117).

This approach effectively addressed longstanding barriers such as stigma, distrust of formal

health facilities, and high mobility among FSWs. Moreover, the digital aspect of the program
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allowed for efficient data collection and follow-up, enhancing both care coordination and
accountability. Despite its promising outcomes, the intervention faced challenges related to
confidentiality, the digital literacy of outreach staff, and integration with national information
systems.

Another significant digital innovation is the Afya-Tek initiative, launched in the Kibaha districts in
2021. The Afya-Tek digital health initiative demonstrates considerable potential to enhance
antiretroviral therapy (ART) initiation in Tanzania by addressing critical barriers in referral
efficiency, care coordination, and accessibility. Designed to digitally link community health
workers (CHWS), public health facilities, and accredited private drug dispensing outlets (ADDOS),
Afya-Tek facilitates timely referral and tracking of clients across multiple levels of the health
system (118). Although not initially developed as an HIV-specific platform, its functionalities align
well with key requirements for early HIV treatment initiation. Available evidence from pilot
implementations in the Kibaha districts indicates improved referral completion rates and more
efficient service uptake when compared to traditional paper-based systems (118). By enabling
CHWs to provide referral through mobile applications, and track treatment-seeking behavior in
real time, Afya-Tek strengthens the linkage between HIV testing and ART initiation, particularly in
community and peripheral settings. While challenges related to digital literacy, connectivity, and
data security remain, the adaptability and scalability of Afya-Tek suggest that, with appropriate
integration into HIV programs, it could play a significant role in accelerating ART initiation and

advancing progress toward Tanzania’s 95-95-95 targets.

At the facility level, digital technologies such as biometric patient registration and electronic
medical records (EMRSs) have the potential to significantly improve ART initiation outcomes. If
widely implemented, these tools could enable real-time identification of ART-eligible clients,
streamline clinical workflows, and enhance patient tracking within health facilities. For example,
automated systems could support faster clinical decision-making, facilitate same-day ART

initiation, and reduce delays often caused by manual record keeping (119).

At the national level, Tanzania's adoption of the District Health Information Software 2 (DHIS2)
platform marked a critical step in leveraging digital tools to monitor ART initiation at scale. Through
the integration of HIV-specific indicators into this centralized dashboard, health managers gained
the ability to track ART uptake trends in real time, disaggregate data by region and population
group, and make evidence-based decisions for program improvement (120). The use of DHIS2
has facilitated greater accountability and responsiveness, with district health managers reporting
high satisfaction in terms of usability, data visualization, and support for decision-making (121).

However, challenges remain in ensuring full and consistent data reporting from facilities,
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particularly in resource-constrained settings. The coexistence of paper-based and digital reporting
systems also continues to undermine data quality and completeness.

Adherence refers to consistently taking ART as prescribed, while retention involves regular, ongoing
HIV care engagement. Studies in Tanzania (2010—-2025) highlight how digital tools support both. This
section analyzes their features, accessibility, impact, cost-effectiveness, and challenges.

e SMS-Based Reminders

Short Message Service (SMS) reminders have been one of the most widely studied digital tools
for ART adherence in Tanzania (116, 122, 123, 124).These systems typically send automated
messages to ART clients, prompting timely medication intake or clinic attendance. Some
platforms offer bidirectional functionality, allowing recipients to respond or report how they are
feeling, which enhances personalization. Although a randomized controlled trial conducted in
2021 in the Kilimanjaro region revealed that the SMS interventions were feasible and well-
accepted by patients (124),but adherence remained high across all participants (approximately
90% by pharmacy refill and over 95% by self-report), there were no statistically significant
differences between the SMS group and the control group receiving standard care over a 48-
week period(124). A 2023 mixed-methods study conducted in Kilimanjaro region assessed the
acceptability of SMS reminders among 426 participants (284 children aged 0-14 and 142
adolescents aged 15-19). Results showed that 85% of participants were willing to receive SMS

reminders, while 90% reported that adherence feedback delivered via SMS was helpful (122).

Another study conducted in Tanzania in 2021 also reported on the acceptability of SMS
Interventions among PLHIV but some study participants suggested on the need to consider
Personalized SMS contents as this would fit their context. Of 166 participants, 143 (86%) were
interviewed, with 98% expressing satisfaction, 99% feeling motivated, 97% confident receiving

SMS, while 6% reported discomfort and 8% felt it lacked personalization (125).

The wide accessibility of mobile phones in Tanzania where ownership exceeds 89% supports the
scalability of such interventions, even among populations in semi-rural settings. Cost analysis
indicates that SMS-based interventions remain relatively low cost, leveraging existing
telecommunications infrastructure and requiring minimal resources per user (125). Furthermore,
challenges identified include risks of inadvertent HIV status disclosure from SMS content and
disparities in both digital literacy and device access among rural and marginalized populations
(122, 124).
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e Real-Time Medication Monitoring (RTMM) Devices

Real-time medication monitoring (RTMM) technologies, particularly electronic pillboxes such as
the Wisepill device, represent a more technologically advanced method of tracking ART
adherence. These smart pillboxes are equipped with SIM-enabled transmitters that record each
opening event and send time-stamped data to healthcare providers. Additionally, they can trigger
SMS reminders when expected openings are missed (124, 126). Evidence a recent study
conducted in Kilimanjaro region indicates that RTMM devices are feasible and acceptable among
diverse populations, including adults, adolescents, and postpartum women particularly when
combined with automated SMS and tailored feedback. Results demonstrated that these
technologies facilitate targeted adherence counseling and improved data-driven clinical decision-
making. Participants reported positive experiences with real-time monitoring, and healthcare
providers appreciated the ability to deliver targeted counseling based on individualized adherence
data (126). While the technology offers precise adherence tracking, its accessibility remains
limited due to higher costs and logistical challenges. Distribution has primarily occurred in urban
and peri-urban areas with stable mobile networks, excluding more remote communities. Cost-
effectiveness analyses note that although RTMM devices entail higher upfront expenses than
SMS systems, they may prove economical over time by preventing ART failure, reducing
unnecessary clinic visits, and improving retention when linked to effective counseling protocols
(127). Nevertheless, challenges such as device loss or damage, inconsistent network
connectivity, low digital literacy among certain users, and privacy concerns around carrying a

conspicuous health-related device must be addressed (122, 123).

e Mobile Apps Platforms

Evidence from available studies, supports the use of mobile Apps as scalable tools to support
ART adherence and retention among PLHIV in Tanzania. For instance, the FASTA mobile ART
service, an mHealth initiative introduced in the Ruvuma region in 2020 incorporated mobile self-
assessment tools and SMS reminders to schedule multi-month ARV pickups (128). Through
mobile self-assessment features, patients can evaluate their health status independently, allowing
for early detection of complications and timely clinical follow-up a key to maintaining adherence.
Additionally, the app facilitates rapid antiretroviral (ARV) refill requests, helping patients avoid

treatment interruptions caused by long travel distances, high costs, or stigma associated with
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clinic visits. By decentralizing ART services, FASTA reduces congestion at health facilities and
shortens waiting times, both of which are known to improve retention (128).

On the other side, the JICHUNGE mobile health App represents a more interactive and feature-
rich approach to supporting ART adherence, though it has been primarily studied in the context
of PrEP among female sex workers in Dar es Salaam (129). The app offers several functionalities,
including educational content about HIV and ART, appointment reminders, medication tracking,
and access to online peer support forums (129). A study conducted among female sex workers
in Dar es Salaam found that users who engaged with at least three app features within the first
30 days were significantly more likely to remain retained in care at one month. However, app
engagement declined sharply over time, with only about 13% of participants remaining active
users after six months (130). This decline was largely attributed to smartphone access issues,
including phone loss, theft, data costs, and low digital literacy among some participants. The
intervention also highlighted generational and socioeconomic disparities in smartphone
ownership, with older and more informed participants demonstrating better retention in app usage
(130). While the cost of app development and dissemination was moderate, the long-term impact
was diminished by low sustained engagement particularly, poor network coverage in rural areas,
and challenges in customizing SMS content for language (130). Despite these challenges,
JICHUNGE demonstrates the potential of mHealth apps to empower users and personalize
adherence support, particularly among urban populations with stable access to smartphones and

internet services.

e Mobile based hotlines

Recent studies highlight hotlines as a low-cost, scalable intervention that provides post-test
counseling, peer support, and adherence guidance via voice calls (114, 116). These services
have demonstrated high acceptability, particularly among men, who are often underrepresented
in facility-based retention programs. Observational data indicate that hotline use enhances patient
comfort with HIV-related discussions, reduces stigma, and encourages care-seeking behaviors
(114, 116). Their low operating costs and broad accessibility have allowed for nationwide
deployment (127). However, implementation has faced challenges such as inconsistent service
availability in remote regions, intermittent network reliability, and variable user comfort with
disclosing sensitive information over mobile lines. Ensuring continuous staff training and building
trust among users remain critical to the long-term effectiveness of hotline-based adherence
support (114).
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e Virtual Consultations (Telehealth and Telemedicine)

Emerging evidence from Tanzania highlights the effectiveness of telehealth and telemedicine in
supporting antiretroviral therapy (ART) adherence and retention in HIV care. A notable example
is the telemedicine initiative implemented by Aga Khan Hospital in Dar es Salaam between April
and June 2020, in response to the COVID-19 pandemic (131). Promoted through social media
platforms, this program enabled virtual consultations for HIV patients, with approximately 53% of
interested callers successfully completing sessions. These consultations allowed healthcare
providers to remotely assess patients’ clinical status, monitor ART adherence, adjust treatment
plans, and address concerns, significantly reducing the need for in-person visits. In parallel,
telehealth platforms were also employed to provide adherence support and counseling services,
maintaining continuity of care during a period of restricted mobility (131).

In addition, ongoing research in the Kilimanjaro Region is evaluating the impact of nurse-delivered
telehealth interventions aimed at improving HIV care engagement and mental health outcomes
among adults living with HIV. These virtual sessions focus on addressing psychosocial barriers
to adherence and have demonstrated both feasibility and acceptability within resource-
constrained environments. Preliminary findings suggest that remote counseling can positively
influence retention in care and strengthen patient engagement, particularly when integrated with

routine HIV services (132).

e Biometric Attendance Verification

Another innovative approach tested in Tanzania involves the use of biometric fingerprint systems
integrated with mobile money transfers to incentivize ART clinic attendance and adherence (133,
134). In this model, patients are rewarded with cash incentives for attending scheduled clinic
visits, which are verified through biometric fingerprint scanners installed at health facilities.
Payments are distributed automatically through mobile money platforms, creating a streamlined
and secure incentive system. Studies conducted in multiple Tanzanian clinics revealed that this
approach significantly improved ART retention and viral suppression (133). At six months,
approximately 83—-86% of participants in the intervention arms achieved viral suppression
compared to 73% in the control group. Although the effect waned somewhat by 12 months,
retention and viral suppression remained higher among those receiving incentives. Accessibility
was relatively high, with most participants owning mobile phones and using mobile money
services (133). However, biometric systems introduced operational challenges, including
hardware failures, electricity outages, and delays in payments due to connectivity issues.
Additionally, some participants expressed concerns over privacy and data security, particularly

with regard to fingerprint data and visible mobile money transfers (133).
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e Electronic Medical Records (EMR) and Pharmacy refills

In Tanzania, the integration of electronic medical records (EMRs) and electronic pharmacy refill
systems has shown significant potential in improving adherence to antiretroviral therapy (ART)
and retention in care (135). Strengthened appointment tracking systems, combined with real-time
monitoring of pharmacy refill data, have facilitated timely identification of patients at risk of
nonadherence. Evidence from a study supported by Management Sciences for Health (MSH)
demonstrated that the use of standardized electronic appointment registers and systematic follow-
up of missed visits reduced the rate of missed appointments from 15-20% to approximately 11%.
These improvements were associated with better adherence outcomes and enhanced continuity
of care (135). Electronic pharmacy refill data serve as an important proxy for ART adherence,
offering clinicians actionable insights into patients’ medication pickup patterns. When effectively
integrated into EMR platforms, these data support automated alerts, adherence flagging, and
targeted follow-up, allowing for more individualized patient support (135). Despite promising
results, further evaluation and scaling of integrated EMR—pharmacy systems are essential to fully
realize their potential for real-time adherence monitoring and improved ART program

performance.

Digital health technologies have played a transformative role in improving viral load (VL)
monitoring and suppression in Tanzania, which is critical to achieving effective HIV treatment
outcomes. The most robust evidence of impact comes from the national HIV Viral Load (HVL)
surveillance system, which uses Open Laboratory Data Repository (OpenLDR) to integrate HIV
data into District Health Information Software 2 (DHIS2) (136). This integration enables real-time
data tracking, dashboard visualization, and data-driven HIV program management. Covering over
90% of ART clinics, the system has significantly improved data completeness and reduced VL
result turnaround time to a median of 13 days. It also enables health authorities to monitor

suppression trends and rapidly respond to underperforming regions or facilities (136).

At the facility level, decentralized molecular testing supported by electronic medical records
(EMRSs) like OpenMRS has shortened VL result turnaround from 59 to 21 days, particularly in

rural areas. This has enabled more prompt clinical decisions for patients with elevated VL,
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although sustained success depends on infrastructure, equipment maintenance, and staff
capacity (137, 138).

In parallel, mobile health (mHealth) platforms combining biometric patient registration, SMS
reminders, and automated result uploads have improved appointment attendance, timely VL
testing, and ART adherence specially among young adults. Despite positive outcomes,
implementation in remote areas is constrained by limited connectivity and concerns over data
privacy (123, 133).

This section presents findings related to the third objective of the study which is to identify enablers
and barriers influencing to the uptake and integration of digital health technologies in Tanzania’s HIV
response. Understanding these factors is crucial for effective, equitable, and sustainable

implementation.

FASCILITATORS TO IMPLEMENTATION OF DIGITAL HEALTH TECHNOLOGIES

I: Government Supportive Policy and Regulatory Environment

A major facilitator to implementation of digital health technologies to support HIV continuum care in
Tanzania comes from the government supportive policy and regulatory environment. National
strategic documents such as the National Digital Health Strategy (2019-2024) (49), and the Health
Sector Strategic Plan V (2021-2026), provide the policy backbone for digital innovation within the
health sector (50). These frameworks promote digital health integration through stakeholder
alignment, interoperability, and coordinated investments, while providing guidance on governance and

ethics which is key to scaling and sustaining HIV programs.

Il. Mobile Phone Penetration and Network Coverage

With over 90% mobile phone access and growing network coverage, Tanzania is well-positioned for
mHealth. This connectivity supports SMS-based care, smartphone apps, and telehealth, improving

HIV service access and engagement, especially in remote areas (139).

lll. Stakeholder Engagement and Multisectoral Collaboration

Robust engagement of stakeholders including the Ministry of Health, development partners,

NGOs, academic institutions, private tech firms, and communities has played a central role in the
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successful design and implementation of DHTs in Tanzania (103, 129, 137). This collaborative
environment fosters innovation, ensures alignment with national HIV priorities, and promotes

accountability.

IV. Local Innovations Tailored to Local Needs (Context)

A growing enabler of digital health integration in Tanzania is the emergence of locally developed
digital solutions that are customized to the specific needs and contexts of Tanzanian communities
(103, 129). Innovations such as the Jichunge App, developed by local technologists in
collaboration with the Ministry of Health, provide real-time data on patient visits and treatment
adherence tailored for use in local clinics(130). Similarly, National Hotlines and other Swabhili-
language mobile platforms offer culturally and linguistically appropriate content for health
education and HIV stigma reduction. These tools incorporate community norms, local language,
and user behavior patterns into their design, making them more acceptable and user-friendly
(100).
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BARRIERS TO IMPPLEMENTATION OF DIGITAL HEALTH TECHNOLOGIES:

Infrastructure limitations/ deficiencies:

Infrastructural deficiencies such as poor internet, unreliable electricity, and limited access to
digital devices remain a major barrier to the successful deployment of digital health technologies
in Tanzania. (104).These limitations compromise the real-time functionality of digital platforms like
EMRs and reporting dashboards. Without adequate infrastructure, digital interventions become

unreliable or unsustainable, undermining trust among users and contributing to low uptake (104).

Limited Digital Literacy & Human Resource Constraints

Digital literacy remains uneven across the Tanzanian population. Many patients, especially older
adults, rural residents, and those with low levels of education, struggle to use mobile apps or
interpret SMS-based messages (129). Another significant barrier to the effective uptake and
integration of digital health technologies in Tanzania’s HIV response lies in the human resource
constraints faced at various levels of the healthcare system. Shortage of trained health workers,
particularly in rural areas, hinders effective use of systems like EMRs and DHIS2, leading to

inconsistent usage and data errors. (104).

Fragmentation and Lack of Interoperability

The proliferation of siloed, digital platforms has led to fragmentation within the health information
ecosystem. Many systems operate independently, lack interoperability, and duplicate data entry
efforts, resulting in inefficiencies, data quality issues, and poor user experience (104). Without
unified standards and integration, digital tools cannot effectively support the full HIV care

continuum(122).

Data Privacy and Confidentiality Concerns

Concerns about the privacy and security of sensitive health information particularly HIV status are
significant barriers to the use of digital platforms. Fear of data misuse is acute for stigmatized
groups, while weak regulations and cybersecurity increase risks, undermining trust and uptake

among key populations (129).
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Overview

This literature review aimed to explore the potential of digital health technologies in
strengthening the HIV Continuum of Care in Tanzania. The primary objective was to assess
how various digital health interventions have impacted the different stages of the HIV care
cascade, from diagnosis and linkage to care, through to ART initiation, adherence, retention,
and viral suppression. By critically synthesizing the evidence, the study sought to identify
gaps, highlight effective strategies, and inform policy and programmatic decisions.

Key Findings and Novel Insights

This review revealed that digital health technologies such as mHealth platforms,
telemedicine, electronic health records (EHRS), HIV self-testing kits, biometric systems, and
mobile-based hotlines play a pivotal role in enhancing engagement across the HIV Continuum
of Care. Among these, mHealth interventions emerged as the most widely adopted tools,
often tailored for appointment reminders, behavior change communication, and service
accessibility. SMS reminders, mobile apps, and virtual consultations were featured
prominently across this review and were particularly influential in improving HIV diagnosis,
linkage to care, and ART adherence. This signals a strategic focus on the early and middle
stages of the continuum, although downstream stages such as ART initiation and viral

suppression were relatively underexplored.

A surprising finding is the effective use of digital HIV self-testing methods, such as vending
machines and web/app-guided HIVST delivery such as AfyaDepo. These interventions,
especially when integrated with follow-up systems like SMS-based counseling or virtual
referral tracking, demonstrate significant potential for scaling. Such interventions not only
lower stigma-related barriers but also demonstrate how digital solutions can integrate
behavioral change to enhance care engagement especially for vulnerable groups such as
sex workers and MSM. These findings are particularly novel as they demonstrate a shift from

conventional facility-based testing to more discreet, client-centered models.
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Another innovative finding is the potential of artificial intelligence-based predictive tools and
GIS mapping to enhance targeted testing, making service delivery more efficient and data-

driven.

Further, the review highlights the integration of biometric technologies and real-time
monitoring devices that support ART adherence and follow-up. Tools such as Wisepill and
mobile-based hotlines not only improve medication adherence but also offer tailored feedback
and remote counseling. Similarly, context-specific digital platforms like "Jichunge App" and
"Afya-Tek App" showcase the value of locally developed and culturally aligned digital
solutions. These interventions are promising, but their sustainability and scalability require
further exploration.

In this review, digital innovations supporting ART initiation and viral suppression were
underrepresented. Only a few studies focused on these downstream stages, suggesting a
critical service gap. ART initiation has seen moderate digital integration through systems like
Afya-Tek and DHIS2-linked tracking, but viral load monitoring still faces bottlenecks,
particularly in rural settings with limited infrastructure. This gap suggests a need to shift
attention from predominantly testing and adherence-based technologies toward

comprehensive interventions covering the full care cascade.

This review demonstrates that client-focused digital health interventions significantly
outnumber those aimed at health workers or managers. This disparity suggests a need for
Tanzania to broaden its digital focus beyond patient interfaces to include provider-facing
technologies that enhance clinical decision-making and operational efficiency. Given these
findings, there is a critical need for policy-makers and implementing partners in Tanzania to
prioritize the development of integrated digital ecosystems, support equitable access to
devices and connectivity, and promote sustainable financing models. Emphasis should be
placed on contextually adapting proven models from other African countries while ensuring

alignment with Tanzania’s unique health system architecture and sociocultural landscape.

44



The findings reveal critical interlinkages across different stages of the continuum. For
example, digital Health interventions that initially targeted diagnosis often extended to support
linkage to care and early ART initiation. Tools such as SMS follow-ups and hotline counseling
bridged these transitional gaps, reflecting a growing awareness of the importance of
continuity across the cascade. A good example is how biometric attendance systems and
mobile money incentives tied to clinic visits not only supported retention but also indirectly
promoted viral suppression through increased adherence. Furthermore, the interaction
between infrastructure and technology emerges as a central theme. While digital platforms
have improved access and service delivery in urban areas, their reach remains limited in rural
communities due to poor internet connectivity, electricity supply, and digital literacy. These
infrastructural challenges significantly constrain the utility of electronic health records (EHRS)
and teleconsultation services. For instance, while real-time viral load monitoring through
integrated EMRs shows potential, its success heavily depends on consistent power supply
and health worker training. Moreover, the evidence suggests that digital tools are highly client-
focused, while few interventions target healthcare providers or managers. This imbalance
limits the systemic integration of digital health into clinical workflows and managerial decision-
making. For example, although EHRs and dashboard tools have improved ART tracking and
stock management in some settings, they are often standalone systems with limited
interoperability. Other Sub-Sahara African countries have made more progress in this

domain, offering transferable models for Tanzania to consider.

RELEVANCE AND LIMITATION OF THE ANALYTICAL FRAMEWORK

This review used the HIV Continuum of Care framework that provided a useful structure for
mapping digital health interventions and identifying gaps across the care cascade. It
facilitated a review of how digital tools influence patient progression from diagnosis to viral
suppression. However, the framework could benefit from incorporating broader social
determinants of health such as education, income, gender dynamics, and stigma that
influence care engagement. Future adaptations could also integrate digital readiness

indicators to better align with eHealth evaluations.
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STRENGTH AND LIMITATION OF THE STUDY

A major strength of this review is its comprehensive scope, covering multiple databases and
including grey literature and local sources. It synthesized evidence from various digital tools
and provided contextual insights specific to Tanzania. Furthermore, by categorizing
interventions according to both the care cascade and user types (clients, providers,
managers), the review offers actionable guidance for stakeholders.

Despite the breadth of interventions identified in this review, several knowledge gaps persist.
There is limited disaggregated data on digital health usage by gender, age, or rural-urban
location. Most studies focused on urban settings, with minimal representation of rural
populations where HIV burden and service access issues are often more pronounced.
Similarly, data on marginalized groups such as MSM, people who inject drugs, and sex
workers were sparse, despite these populations being at higher risk. Additionally, the long-
term sustainability and cost-effectiveness of many interventions remain unclear. Few studies
evaluated scalability or conducted cost-benefit analyses, leaving uncertainty around financial
viability in public health programs. The heterogeneity in study designs and outcome measures

further limits comparability across studies.

STUDY IMPLICATIONS

The findings of this study carry significant implications for health policy, program planning,
and the broader digital health agenda in Tanzania. First, they underscore the urgent need for
harmonized and integrated digital health infrastructure that avoids duplication and improves
continuity of care across the HIV continuum. Fragmented systems remain a major barrier to

scalability and sustainability, and thus should be prioritized in national digital health strategies.

Second, the evidence highlights the importance of tailoring digital interventions to the unique
needs of different populations, particularly youth, women, rural communities, and key
populations such as MSM and sex workers. Policymakers and health implementers should
invest in user-centered design, local language adaptation, and inclusive content delivery to

improve acceptability and utilization.
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Third, the findings suggest that a shift from short-term, donor-driven pilots to long-term,
government-led digital health investments is essential for scale and sustainability. This
includes institutionalizing digital literacy training for healthcare workers, ensuring routine
maintenance of digital tools, and embedding digital interventions within the health financing
ecosystem.

Lastly, the study supports the expansion of digital innovations beyond client-level
engagement to include provider-facing systems such as decision-support tools and EMRs.
Strengthening the digital capacity of healthcare workers is crucial to improving care
coordination, treatment accuracy, and patient outcomes across all stages of the HIV care
cascade.

DIRECTION FOR FUTURE RESEARCH

Several gaps identified in this review warrant further research. First, more studies are needed
that explore the long-term impacts of digital interventions, including their cost-effectiveness,
scalability, and sustainability in diverse Tanzanian settings. Economic evaluations and
implementation science approaches should be integrated into future research to guide
investment decisions. Second, future studies should strive for more disaggregated data
analysis by gender, age, geographic location, and key population status. This would allow for
more precise targeting of digital interventions and reduce inequities in HIV service delivery.
Third, there is a need for research on the ethical, legal, and data governance dimensions of
digital health in Tanzania. As the adoption of biometric tracking, Al-driven tools, and
teleconsultation grows, robust frameworks must be developed to protect user privacy, ensure

informed consent, and build public trust.

Fourth, community-based participatory research is recommended to ensure that end-users
especially marginalized and high-risk populations are involved in the design, implementation,
and evaluation of digital health solutions. This participatory approach will enhance relevance,
ownership, and long-term engagement. Lastly, research on digital literacy interventions and
their influence on uptake of digital health tools is essential. Understanding how digital
competence among both providers and clients influences engagement will be crucial to

optimizing the impact of digital interventions across the HIV continuum of care in Tanzania.
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6.1 CONCLUSION

Digital health technologies present a promising avenue for strengthening the HIV Continuum
of Care in Tanzania. However, their potential can only be fully realized through context-
specific adaptations, investment in infrastructure, user training, and alignment with national
systems. The insights generated through this review provide a foundation for targeted policy
and programmatic decisions that advance Tanzania toward its HIV care goals and broader
Universal Health Coverage agenda.

6.2 RECOMMENDATIONS:

Based on the findings and implications of this study, several recommendations are proposed
to enhance the role of digital health technologies in strengthening the HIV Continuum of Care
in Tanzania.

6.2.1 Recommendations to the Government of Tanzania:

Short-term:

¢ Infrastructure Investment and Connectivity:
The government should Prioritize investment in digital infrastructure (internet connectivity,
electricity, mobile networks) in underserved areas to support smoother deployment of electronic

records, telemedicine services, and provider-client communication.

e Capacity Building:
The government should train healthcare workers, administrators and clients on the use of digital
tools, ensuring digital literacy and smooth adoption at primary, secondary, and tertiary levels. A

digitally literate population is foundational to successful implementation.

e Data Governance Framework:
The government should establish clear data privacy and security regulations for digital health
systems, aligned with international standards as this will build more trust among users. These
safeguards are critical to avoiding stigmatization and ensuring that vulnerable populations engage

confidently with digital services

48



Long term:

e Develop Sustainable Financing Models:
The government should develop sustainable financing mechanisms (such as digital health
investment funds, public-private partnerships) to ensure long-term support for digital Health
solutions.

e Establish Interoperability Standards:

The government should Mandate interoperability of digital health systems to ensure seamless
data sharing among clinics, labs, pharmacies, and other stakeholders.

6.2.2 Recommendations to Civil society and other Private Agencies:

Short-term:
e Contextualization of digital health tools/Interventions:

Digital tools and interventions should promote beneficiary Inclusive and participatory design
approaches taking in account user-friendly digital health contents personalized maintain user
engagement over time.

Long -term:

o Establish Strong M&E Systems:

Implement continuous monitoring and evaluation to track impact, improve performance, and
ensure digital health programs meet community needs.

6.2.3 Recommendations to Donors:

e Support/Fund Infrastructure Development:
Donors should prioritize funding initiatives that enhance technological infrastructure like internet
access and electricity in underserved regions to enable the effective scale-up of digital health
solutions.

e Fund Capacity Building Initiatives
Fund training programs that enhance digital literacy and professional skills among healthcare
workers, ensuring they can effectively use digital health technologies.
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ANNEX X

KIT Institute (Masters or Short course) Participants
Declaration for Use of Generative Al (GenAl)

Please complete and submit this form as an annex on the last page of your assignment
file; and not as a separate document.

Check the box that applies to your completion of this assignment:

[ 11 confirm that | have not used any generative Al tools to complete this
assignment.

| confirm that | have used generative Al tool(s) in accordance with the

“Guidelines for the use of Generative Al for KIT Institute Master’s and

Short course participants”. Below, | have listed the GenAl tools used and for
what specific purpose:

Generative Al tool used Purpose of use

1.www.Perplexity.ai used for expanding search ideas
and brainstorming

2.Chatgpt used to aid in summarizing
information
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