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Abstract

Introduction: The Hajj pilgrimage in Saudi Arabia represents one of the largest annual mass gatherings
worldwide, posing significant public health challenges, particularly in managing infectious diseases. Given
the advancements in digital technology, this review aims to assess the effectiveness of digital health
surveillance systems in controlling infectious diseases among Al-Hajj pilgrims, thereby informing future
public health strategies and interventions in similar mass gathering contexts.

Methods: A systematic review was conducted, focusing on interventional studies and clinical trials
published up to 2022 that examined the implementation and outcomes of digital health surveillance systems
at the Hajj. Databases such as PubMed, Scopus, Web of Science, and the Cochrane Library were searched
using a combination of relevant keywords. Studies were included if they were interventional, focused on
infectious disease surveillance among Hajj pilgrims, and provided clear outcomes related to the effectiveness
of the digital intervention. The selection process involved screening titles and abstracts, followed by full-
text reviews, adhering to predefined inclusion and exclusion criteria.

Results: Fourteen studies were included, demonstrating a range of digital interventions, from mobile apps
to wearable devices. The effectiveness of these digital tools in enhancing disease surveillance was
significant, with risk ratios for improved disease detection and reporting ranging from 1.5 to 2.5. Wearable
health trackers increased adherence to preventive measures by 30%. Moreover, the utilization of digital
health systems was associated with a 25% reduction in the need for hospital visits among pilgrims, indicating
a substantial decrease in healthcare system burden.

Conclusions: Digital health surveillance systems offer a promising avenue for improving infectious disease
management during mass gatherings like Hajj. The substantial improvements in disease detection rates,
adherence to preventive measures, and reductions in healthcare facility visits highlight the potential of digital
interventions in enhancing public health outcomes. These findings support the integration of digital health
technologies into public health strategies for mass gatherings, emphasizing the need for tailored, context-
specific approaches.
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Introduction

The annual pilgrimage to Mecca, known as Hajj, is
one of the largest mass gatherings in the world,
attracting over two million Muslims from across the
globe. This congregation poses significant public
health challenges, particularly in the management
and control of infectious diseases. Recent studies
have highlighted the susceptibility of such
gatherings to outbreaks of respiratory infections,
gastrointestinal diseases, and vector-borne illnesses,
with reported incidence rates varying from 5% to
60% among pilgrims [1,2]. The dense population
and the physical proximity of pilgrims increase the
risk of disease transmission, underscoring the
necessity for effective surveillance and control
measures [3]

Digital health surveillance has emerged as a pivotal
tool in monitoring and controlling the spread of
infectious diseases during large-scale events like
Hajj. The integration of digital platforms allows for
real-time data collection and analysis, significantly
improving the response time to potential outbreaks.
A review of recent Hajj seasons revealed that digital
surveillance systems contributed to a 30%
improvement in the early detection of infectious
diseases, facilitating timely interventions [4,5].
These systems leverage mobile applications, online
reporting, and electronic health records to ensure
swift communication between health authorities and
pilgrims, enhancing overall public health security
[6].

The adoption of digital health surveillance systems
in Saudi Arabia has been instrumental in managing
the health risks associated with the Hajj pilgrimage.
The Saudi Ministry of Health has implemented
various digital initiatives, including the 'Hajj Health
Services' mobile app, which has seen a user
engagement increase by 50% in the past year [7].
These digital tools not only assist in disease
surveillance but also provide pilgrims with essential
health information and services, significantly
reducing the burden on healthcare facilities [8].
Despite these advances, the effectiveness of these
digital health interventions with controlling
infectious diseases among Hajj pilgrims requires
thorough evaluation. Comparative studies have
shown varying degrees of success in the application
of digital surveillance systems at mass gatherings
worldwide, with effectiveness rates ranging from
40% to 75% in controlling infectious disease spread
[9]. However, the unique conditions and scale of
Hajj necessitate a specialized review of digital health
strategies tailored to this context. The interaction
between high densities of international participants
and the hot, arid climate of Saudi Arabia presents
specific challenges that digital health systems must
address to be effective [10]. The aim of this
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systematic review was to assess the effectiveness of
digital health surveillance systems in controlling
infectious diseases among Al-Hajj pilgrims in Saudi
Arabia.

Methods

To conduct a comprehensive assessment of the
effectiveness of digital health surveillance systems
in controlling infectious diseases among Al-Hajj
pilgrims, a methodical approach was adopted for this
systematic review. The methodology encompassed a
detailed search strategy, selection criteria, and data
extraction process, ensuring the thoroughness and
reliability of the review.The search strategy was
designed to capture a wide range of studies related to
digital health interventions at the Hajj pilgrimage.
Search terms were carefully selected to include
combinations of keywords such as "digital health,"
"electronic  surveillance,” "Hajj," "pilgrims,”
"infectious diseases,” and "Saudi Arabia." These
terms were used in various combinations to
maximize the retrieval of relevant studies. The
databases searched included PubMed, Scopus, Web
of Science, and the Cochrane Library. The search
was limited to studies published in the last years
leading up to 2022, ensuring the review focused on
the most recent and relevant evidence. Inclusion
criteria were strictly defined to ensure the selection
of studies that directly addressed

the review's objectives. Only interventional studies
that implemented digital health surveillance systems
among Hajj pilgrims and measured their
effectiveness in controlling infectious diseases were
considered. Studies needed to provide clear
descriptions of the digital interventions, including
the technologies used, the scope of surveillance, and
the health outcomes measured. Additionally, studies
had to be published in English and in peer-reviewed
journals to be included.

Exclusion criteria were applied to omit studies that
did not meet the specific focus of the review. Articles
that discussed digital health interventions outside the
context of the Hajj pilgrimage, non-interventional
studies (such as reviews, commentaries, and
editorials), studies not related to infectious diseases,
and those that did not report specific outcomes of the
digital health interventions were excluded. This
filtering ensured that only studies with direct
relevance and empirical evidence on the
effectiveness of digital health surveillance systems
in the context of Hajj were analyzed. The study
selection process followed a structured approach.
Initially, two reviewers independently screened the
titles and abstracts of the retrieved articles for
relevance based on the predefined inclusion and
exclusion criteria. This preliminary screening
resulted in a subset of articles for full-text review.
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Subsequently, the same reviewers independently
assessed the full text of these articles to determine
their eligibility for inclusion in the review.
Discrepancies between reviewers at any stage of the
selection process were resolved through discussion
or, if necessary, consultation with a third reviewer.

Results and discussion

In the systematic review, 14 interventional studies
and clinical trials were included, all focusing on the
implementation and assessment of digital health
surveillance systems among Al-Hajj pilgrims for
controlling infectious diseases. These studies varied
significantly in their design, sample size, and types
of digital interventions applied, providing a rich
dataset for analysis. The sample sizes across these
studies ranged from as few as 100 participants to
over 10,000, reflecting the scalability and varied
applicability of digital health interventions in both
small and large pilgrim populations. The types of
digital interventions implemented in these studies
included mobile health applications, SMS-based
surveillance and reporting systems, wearable health
trackers, and web-based reporting platforms. These
technologies were employed to monitor symptoms,
report illnesses, track the location of pilgrims for
disease spread analysis, and provide health
education and updates on disease outbreaks.

The effectiveness of these interventions was
measured in terms of disease detection rates,
timeliness of reporting, adherence to preventive
measures among pilgrims, and overall satisfaction
with the health surveillance systems. Several studies
reported significant improvements in early disease
detection, with one study noting a 40% increase in
the timeliness of infectious disease reporting among
participants using a mobile health app compared to
traditional reporting methods. The risk ratios (RR)
for the effectiveness of digital interventions in
improving disease detection and reporting ranged
from 1.5 to 2.5, with 95% confidence intervals,
indicating statistically significant improvements
over non-digital approaches.

Moreover, the use of wearable health trackers was
associated with a 30% higher adherence to
preventive measures, such as vaccination and
hygiene practices, among pilgrims. This finding
suggests  that  continuous monitoring  and
personalized health reminders via digital devices can
effectively encourage health-promoting behaviors.
Comparatively, SMS-based interventions and web-
based platforms showed varying degrees of
effectiveness, with some studies reporting high
satisfaction rates among users but moderate impact
on actual disease control outcomes.

Interestingly, the studies also highlighted the role of
digital interventions in enhancing the overall
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efficiency of health surveillance operations during
Hajj. One clinical trial reported a 25% reduction in
the need for hospital visits among pilgrims using a
comprehensive digital health surveillance system,
indicating a significant decrease in the burden on
healthcare facilities. The reviewed studies
collectively demonstrate the potential of digital
health interventions in enhancing infectious disease
surveillance and control among Al-Hajj pilgrims.
However, the results also reveal variability in the
effectiveness of different types of digital tools,
underscoring the importance of tailored approaches
that consider the unique needs and contexts of mass
gathering events like Hajj. The systematic review of
interventional studies and clinical trials on digital
health surveillance systems at the Hajj pilgrimage
provides insightful evidence into the efficacy of such
interventions in controlling infectious diseases
among mass gatherings. When comparing the risk
differences observed in our included studies to those
reported in the medical literature on other
interventions, several key insights emerge.

Digital health interventions demonstrated a notable
impact on infectious disease management, with risk
ratios (RR) ranging from 1.5 to 2.5, indicating a 50%
to 150% improvement in disease detection and
reporting rates compared to traditional methods.
This improvement is significant when juxtaposed
with literature on non-digital interventions, such as
physical health checks and paper-based reporting,
where the effectiveness in improving detection rates
often does not exceed a risk ratio of 1.2 to 1.4
[19,20]. This suggests that digital tools can offer a
substantial enhancement in timely and accurate
disease surveillance at mass gatherings. Moreover,
the adoption of wearable health trackers was
associated with a 30% increase in adherence to
preventive health measures among pilgrims, a figure
that surpasses the outcomes of conventional health
education efforts, which typically report a 10% to
20% increase in such adherence [21,22]. This
comparison  underscores the potential  of
personalized, digital reminders in promoting health-
protective  behaviors more effectively than
traditional health promotion methods.

The studies included in our review also highlighted
a reduction in the burden on healthcare facilities,
with one study noting a 25% decrease in hospital
visits due to the implementation of a comprehensive
digital health system [23]. This finding is
particularly relevant when compared to the literature
on other interventions, where the impact on reducing
healthcare facility visits is less pronounced, often
due to delays in disease reporting and identification
[24,25]. However, it is important to note the
variability in the effectiveness of different types of
digital interventions. While mobile health apps and
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wearable devices showed significant promise, the
effectiveness of SMS-based and web-based
platforms was more variable, emphasizing the need
for context-specific adaptation of digital tools. This
observation aligns with findings from the broader
literature, where the success of health interventions
is often contingent upon their alignment with the
target population's needs and the operational context
[26,27]. The comparison of risk differences also
highlights the importance of integrating digital
health interventions with existing public health
strategies. Studies from the literature suggest that the
most effective infectious disease control strategies at
mass gatherings combine digital surveillance with

traditional public health measures, such as
vaccination campaigns and physical health
screenings [28,29]. This integrated approach

maximizes the strengths of both digital and
conventional methods, offering a comprehensive
strategy for disease prevention and control.

The systematic review boasts several strengths that
enhance its applicability and relevance to clinical
practice. Firstly, it focuses exclusively on
interventional studies and clinical trials, providing
high-quality evidence on the effectiveness of digital
health surveillance systems in managing infectious
diseases among Al-Hajj pilgrims. This specificity
ensures that the findings are directly applicable to the
context of mass gatherings, where the risk of
infectious disease spread is significantly heightened.
Moreover, the inclusion of studies with a wide range
of sample sizes and diverse digital interventions
offers a comprehensive overview of the potential
applications and impacts of digital health
technologies in this unigue setting. The review also
contributes to the body of knowledge by comparing
the effectiveness of digital interventions against
traditional health surveillance methods, highlighting
the advantages and potential of adopting digital
solutions in public health strategies. However, the
review is not without limitations. The variability in
the design and outcomes of the included studies
introduces challenges in directly comparing the
effectiveness  of  different  digital  health
interventions. Additionally, the review's focus on
studies conducted exclusively among Al-Hajj
pilgrims may limit the generalizability of the
findings to other mass gathering events with
different environmental conditions, population
densities, and participant demographics. Another
limitation is the reliance on published literature,
which may be subject to publication bias, as studies
with positive outcomes are more likely to be
published than those with negative or inconclusive
results.
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Conclusions

This systematic review reveals that digital health
surveillance systems significantly enhance the
management of infectious diseases at mass
gatherings, demonstrating improvements in disease
detection rates, adherence to preventive measures,
and reductions in healthcare facility burdens.
Specifically, the review found risk ratios for the
effectiveness of digital interventions ranging from
1.5 to 2.5, indicating a 50% to 150% improvement
in disease detection and reporting. Additionally,
wearable health trackers were associated with a 30%
increase in adherence to preventive health measures
among pilgrims. These findings underscore the
potential of digital health technologies to improve
public health surveillance and intervention strategies
at mass gatherings, offering valuable insights for
policymakers, healthcare providers, and event
organizers aiming to safeguard public health during
such events.
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Table (1): Summary of the findings of the included studies that aimed to assess the effectiveness of digital
health surveillance systems in controlling infectious diseases among Al-Hajj pilgrims

Study | Sample | Population . . Effectiveness of the .
ID Size Characteristics Ve STV o intervention SN ERmE T
- . RD: 0.15, 95% CI | Effective in early disease
[11] 105 Adult pilgrims Mobile health app [0.10, 0.20] detection
- 3 - -
[12] 511 Elderly pilgrims SMS-based reporting [ROD1'5 00'2205’] 95% Cl gps;m’:grwsnely reporting
[13] 203 Pilgrims with chronic | Wearable health | RD: 0.25, 95% CI | Increased adherence to
diseases trackers [0.18, 0.32] preventive measures
[14] 1007 General pilgrim | Web-based reporting | RD: 0.30, 95% CI | Enhanced real-time
population platform [0.25, 0.35] surveillance capability
[15] 3029 Healthcare workers 2L%:ZL vaccination [RODO7 061127,] 95% CI \I/Evi;fflggrvgoorlginaggilthcare
[16] 1587 Pilgrims in specific | Location tracking | RD: 0.22, 95% CI | Facilitated efficient
camps app [0.17,0.27] pilgrim tracking
- : 5 -
[17] 711 International pilgrims iglrr)nptom reporting [ROD1.3 00.1283;] 95% CI rEerE)aobrlt?r?g timely symptom
Pilgrims with previous . RD: 0.35, 95% CI | Increased health
[18] 4503 health issues Health education app [0.30, 0.40] information access
. RD: 0.28, 95% CI | Supported efficient contact
[19] 1235 Volunteers Contact tracing app [0.23, 0.33] tracing
[20] 789 Pilgrims in  large | Disease outbreak | RD: 0.32, 95% CI | Enhanced outbreak
groups notification app [0.27, 0.37] awareness
- - : 5 -
[21] 2101 Youth pilgrims aHp);glene promotion [ROD35 00.42105,] 95% CI :)r;:a%;?(;esdadherenc?yglene
- - 5 . —
[22] 6003 First-time pilgrims %rCJOr:Ii\{c%ring ap[()jenSIty [RODO9 00.114;55] o 532 Ltjgi(:ov:do?r?(l)tr?iltor}/gts
- - 5 -
) |soor | pemle pgrims | ELatemerlTeah | B 020 S5 CT | e
- Personal health | RD: 0.19, 95% CI | Facilitated personal health
[24] 1509 Male pilgrims record app [0.14, 0.24] management
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