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Abstract

Introduction: The density of the crowd and the diversity of the population attending the Hajj, including the elderly and those
with pre-existing health conditions, further exacerbate the risk, making the implementation of preventative measures a complex
task. this systematic review was aimed at evaluating the existing literature on the control of respiratory infections among Hajj
pilgrims in Saudi Arabia.

Methods: The method section of the systematic review detailed a structured search across multiple databases, including
PubMed, Scopus, Web of Science, and the Cochrane Library, focusingon cohortand interventional studies related to respiratory
infection control among Hajj pilgrims. Inclusion criteria targeted cohort or interventional studies evaluating the effectiveness
of interventions, with exclusion criteria removing non-relevant study types and those not focused on the Hajj. The selection
process involved a rigorous two-stage screening for relevance and quality, followed by data extraction and quality assessment.

Results: In the systematic review of nine interventional studies and clinical trials on controlling respiratory infections among
Hajj pilgrims, interventions ranged from the use of face masks, hand hygiene, health education, vaccination campaigns, to
prophylactic antibiotics, with sample sizes varying from 74 to over 650 participants. Significant findings include the
effectiveness of surgical masks in reducing infection incidence with a risk ratio (RR) of 0.32 (95% CI: 0.14-0.72), a 45%
decrease in respiratory symptoms from hand hygiene interventions (RR: 0.55, 95% CI: 0.30-1.00). The most effective
intervention was a combined approach of masks, hygiene, and education, leading to a substantial reduction in infection rates
(RR: 0.28, 95% CI: 0.13-0.59), emphasizing the benefits of multifaceted preventive measures.

Conclusions: The systematic review robustly supports the overall effectiveness of physiotherapy interventions for head and
neck trauma recovery, considering varied sample sizes and demographics, diverse interventions, and consistently significant
improvements in pain scores, range of motion, and functional outcomes, aligning with or surpassing percentages reported in
existing literature.
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Introduction

The Hajj pilgrimage in Saudi Arabia is one of the
largest annual mass gatherings in the world, attracting
over two million pilgrims from across the globe. This
congregation in the holy cities of Makkah and
Madinah presents unique public health challenges,
particularly in the control of respiratory infections.
Studies have shown that the close contact among
pilgrims, coupled with varying levels of crowd
management and environmental factors, significantly
increasesthe risk of respiratory infection transmission,
with incidence rates of respiratory symptoms reported
to be as high as 60% duringthe pilgrimage [1]. In
addition, the prevalence of specific viral pathogens,
such as the Middle East Respiratory Syndrome
Coronavirus (MERS-CoV), hasbeen reported to range
between 0.3% to 15% among Hajj pilgrims,
highlighting the critical need for effective infection
control measures [2].

Respiratory infections not only affectthe health of the
pilgrims but also have the potential to impact public
health onaglobal scale upontheir return to their home
countries. The spread of infections from the Hajj can
contribute to international epidemics, as seen in the
past with the H1N1 influenza pandemic in 2009,
where cases linked to the Hajj were reported in
multiple countries [3]. The density of the crowd and
the diversity of the population attending the Hajj,
including the elderly and those with pre-existing
health conditions, further exacerbate the risk, making
the implementation of preventative measures a
complex task. Vaccination coverage among pilgrims
has been varied, with influenza vaccination rates
ranging from 4% to 64%, and meningococcal
vaccination coverage exceeding 80% due to Saudi
government regulations [4]. The Saudi Arabian
Ministry of Health has implemented several strategies
to mitigate the risk of infection among Hajj pilgrims,
including mandatory vaccination requirements, health
education campaigns, and the establishment of
extensive surveillance systems. Despite these efforts,
challenges remain in ensuring high compliance rates
among pilgrims with recommended health preventive
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precautions. Studies have found that adherence to
personal protective measures, such as wearing masks
or hand hygiene practices, varies widely, with
compliance rates reported to be between 22% and 89%
[5]. The effectiveness of these interventions in
controlling respiratory infections during the Hajj is
influenced by a multitude of factors, including
pilgrims' awareness and perceptions of risk, the
accessibility and quality of healthcare services,andthe
capacity of public health infrastructure to manage the
high volume of patients. Research has indicated that
improvedhealth education priorto the Hajj, alongwith
enhanced on-site health services, could significantly
reduce the incidence of respiratory infections among
pilgrims [6,7]. However, systematic evaluations of
these interventions and their impact on infection rates
are limited, necessitating further investigation into the
best practices for infection control in this unique
setting. Given the significant public health
implications of respiratory infections among Hajj
pilgrims, this systematic review was aimed at
evaluating the existing literature on the control of
respiratory infections among Hajj pilgrims in Saudi
Arabia. The aim was to provide a comprehensive
overview of the current state of knowledge and to
highlightareas where furtherresearchandintervention
are needed to protect the health of Hajj pilgrims and
the global community [8-10].

Methods

The methodological framework of this systematic
review was meticulously designed to capture
comprehensive insights into the control of respiratory
infections among Hajj pilgrims in Saudi Arabia, with
a specific focus on cohort and interventional studies.
The initial step involved a structured search of
electronic databases, including PubMed, Scopus, Web
of Science, and the Cochrane Library. The search
strategy was carefully crafted to encompass a broad
range of terms and combinations thereof, such as
"Hajj," "pilgrims," "respiratory infections," "infection
control, “interventional studies,” and “cohort
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studies." These terms were used in various
configurations and were supplemented by relevant
MeSH terms to ensure an exhaustive retrieval of
pertinent literature. The search was conducted to
include articles published up to April 2023, without
restrictions on language or publication status, to
maximize the breadth of evidence collected. Inclusion
criteria were predefined to select studies that
specifically addressed the control of respiratory
infections among Hajj pilgrims and included both
cohort and interventional study designs. Studies were
eligible if they reported on outcomes related to the
incidence of respiratory infections, evaluated the
effectiveness of preventive measures, or assessed
factors influencing compliance with infection control
practices among Hajj pilgrims. Only studies that
provided clear methodological details, including
participant selection, interventions implemented, and
outcomes measured, were considered for inclusion.
This criterion ensured the selection of studies with
sufficient quality and relevance to the review
objectives.

Exclusion criteriawere applied to omit studies that did
not focus on the Hajj pilgrimage, were not cohort or
interventional in design, or did not specifically address
respiratory infections. Reviews, case reports,
editorials, and studies focusing solely on descriptive
epidemiology withoutassessing intervention or cohort
dynamics were also excluded. Additionally, studies
lacking empirical data or with insufficient details on
the methodology or results were deemed ineligible for
inclusion. This approach was aimed at ensuring the
review was based on evidence directly relevant to the
objectives and capable of contributing to a coherent
synthesis of findings. The study selection process
followed a systematic and transparent approach.
Initially, two reviewers independently screened the
titles and abstracts of retrieved records to identify
potentially relevant studies based on the inclusion
criteria. Discrepancies between reviewers at this stage
were resolved through discussion or, if necessary,
consultation with a third reviewer. Subsequently, the
full texts of these potentially eligible studies were
obtained and assessed for adherence to the inclusion
and exclusion criteria. This two-stage screening
process facilitated the rigorous selection of studies for
inclusioninthe review. Dataextraction was conducted
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using a standardized form to ensure consistency and
accuracy in capturing key study characteristics and
findings. Extracted information included study design,
participant demographics, details of interventions and
control conditions, outcomes related to the control of
respiratory infections, and factors influencing
compliance with preventive measures. The extraction
process was performed independently by two
reviewers, with disagreements resolved through
discussion or third-partyadjudication. This meticulous
approach ensured that data relevant to the review’s
objectives were accurately and comprehensively
synthesized. The quality of the included studies was
assessed using an adapted version of the Cochrane
Collaboration’s tool for assessing the risk of bias in
cohort studies and a suitable quality assessment tool
for interventional studies. This evaluation focused on
aspects such as study design, participant selection,
outcome measurement, and statistical analysis,
allowingfor a critical appraisal of the evidence base.
The systematic and detailed methodology employed in
this review was aimed at providing a robust synthesis
of the available evidence on the effectiveness of
interventions for controlling respiratory infections
among Hajj pilgrims and identifying factors
influencing compliance with these interventions.

Results and discussion

In the systematic review focused on interventional
studies and clinical trials aimed at controlling
respiratory infections among Hajj pilgrims, a total of
nine studies met the inclusion criteria and were
analyzed for their contributions to understanding the
effectiveness of various interventions. These studies
encompassed a wide range of sample sizes, from as
small as 74 participants in the smallest study [11] to
over 650 participants in the largest [19], reflecting the
diverse contexts in which these interventions were
tested. The types of interventions studied varied
significantly, including the use of face masks, hand
hygiene practices, health education programs,
vaccination campaigns, and the administration of
prophylactic antibiotics. One study [11] evaluated the
effectiveness of surgical masks in reducing the
incidence of respiratory infections and found a
significantreduction in symptoms among mask users
compared to the control group, with a risk ratio (RR)
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of 0.32 (95% CI: 0.14-0.72). Another study [12]
focused on hand hygiene, usingacombination of hand
sanitizers and educational interventions, and reported
a 45% decrease in respiratory symptoms among
participants, though the confidence interval was broad
(RR: 0.55, 95% CI: 0.30-1.00). Health education
programs, either standalone or combined with other
interventions, were a common focus. A clinical trial
[15] that implemented a comprehensive health
education program reported a 40% reduction in
respiratory infection ratesamong pilgrims (RR: 0.60,
95% CI: 0.48-0.75). In contrast, vaccination
campaigns, specifically targeting influenza and
pneumococcal diseases, demonstrated varying degrees
of effectiveness. One study [17] showed that
vaccinated participants had a significantly lower
incidence of confirmed influenza cases compared to
those who were not vaccinated (RR: 0.22, 95% CI:
0.09-0.53).

Prophylactic antibiotic use was explored in two
studies, with one [18] reporting a marked reduction in
bacterial respiratory infections among those who
received antibiotics compared to the placebo group
(RR: 0.33, 95% CI: 0.21-0.52). However, the
applicationand implications of antibiotic prophylaxis
raised concerns regarding antibiotic resistance and
highlighted the need for judicious use. Comparatively,
the studies underscored the significance of
multifaceted interventions. For instance, a study [19]
that combined the use of face masks, hand hygiene
practices, and health education observed the most
substantial reduction in respiratory infection rates
(RR: 0.28, 95% CI: 0.13-0.59), suggesting that the
synergistic effect of multiple preventive measures
might be more effective than any single intervention.
In summary, the included interventional studies and
clinical trials offer valuable insights into the
effectiveness of various preventive measures against
respiratory infections among Hajj pilgrims. The
findings reveal a consistenttrend towards the benefit
of integrated approaches, combining physical barriers,
vaccinations, and educational efforts to reduce
infection rates. Nonetheless, the variation in study
designs, interventions, and outcomes highlights the
complexity of infection control in mass gathering
settings and underscores the importance of tailored,
context-specific strategies. The review highlighted a
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range of interventions, including the use of face masks,
hand hygiene practices, health education programs,
vaccination campaigns, and prophylactic antibiotics,
with risk ratios indicating varying degrees of
effectiveness. The effectiveness of face masks
observedin our review, with a risk ratio as low as 0.32
[11], aligns with findings from studies in other
contexts, suchas during the flu season in community
settings, where the use of masks was associated with a
reduced risk of influenza-like illness (RR: 0.53; [20]).
This similarity underscores the universal applicability
of face masks as a protective measure against
respiratory infections.

Hand hygiene interventions reported a 45% reduction
in respiratory symptoms [12], which is slightly lower
than the effectiveness reported in studies within
healthcare settings, where adherence to hand hygiene
protocols has been associated with up to a 60%
reduction in the transmission of respiratory infections
[21]. This discrepancy may be attributed to the
challenges in implementing and monitoring hand
hygiene practices among the vast and transient
population of Hajj pilgrims compared to more
controlled healthcare environments.

The impactof health education programs in our review
(RR: 0.60; [15]) is consistentwith the literature on
public health campaigns targeting other large-scale
events, where informed participants showed a greater
propensity to adopt preventive behaviors, leading to
reduced infection rates [22]. This highlights the
critical role of education in enhancing public health
outcomes, irrespective of the specific context.
Vaccination campaigns showed a notable variance in
effectiveness, with an influenzavaccination risk ratio
of 0.22 in our review [17], which is in line with the
broader literature on vaccination efficacy in
preventing influenza at mass gatherings, typically
ranging from 0.19 to 0.60[23]. This range reflects the
variability in vaccine match to circulating strains and
the demographic characteristics of the vaccinated
population. The use of prophylactic antibiotics
demonstrated a significant reduction in bacterial
respiratory infections (RR: 0.33; [18]), a finding that
is more controversial when compared to literature
cautioning against the routine use of antibiotics due to
the risk of developing resistance [24]. Studies outside
the Hajj context have shown that while prophylactic
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antibiotics mayreduce infectionrates in the short term,
their long-term impact on antibiotic resistance patterns
can undermine these benefits [25]. The integrated
approach, combining multiple interventions, showed
the greatest reduction in infection ratesin our review
(RR: 0.28; [19]), echoing the sentiment in the wider
medical literature that multifaceted strategies are often
more effective than single interventions. Similar
findings have been observed in studies examining
infection control during other large gatherings and in
pandemic responses, where combinations of measures
have synergistically reduced transmission rates [26].

In comparing the numerical results of included studies
with that in the literature, it is evident that the
interventions' effectiveness at Hajj closely mirrors
outcomes observed in other settings, underscoring the
universal principles of infectious disease control.
However, the unique challenges of the Hajj, including
its scale, density, and the diversity of the pilgrim
population, necessitatetailored strategies that consider
cultural, logistical, and environmental factors [27].
The synthesis of findings from this review with
existing literature emphasizes the importance of a
comprehensive, multi-pronged approach to infection
control, particularly in the context of mass gatherings.
It also highlights the need for ongoing research to
refine and adapt interventions to specific settings,
ensuring that public health strategies remain effective
and responsive to emerging threats and changing
conditions [28].

The systematic review of interventional studies and
clinical trials on the control of respiratory infections
among Hajj pilgrims possesses several strengths that
enhance its relevance and applicability in clinical
practice. Firstly, the inclusion of only cohort and
interventional studies ensures a high level of evidence
regarding the effectiveness of various preventive
measures. This specificity allows for a focused
analysis on interventions that can be directly applied
or adapted in similar contexts, providing actionable
insights for public health practitioners and policy-
makers. Additionally, the comprehensive search
strategy across multiple databases, coupled with the
inclusion of studies with a wide range of sample sizes
and intervention types, ensures a thorough exploration
of available evidence. This diversity offers a broad
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perspective on the potential strategies for infection
control, facilitating a nuanced understanding of their
application in the unique context of mass gatherings
like the Hajj. However, the review also faces
limitations that should be considered when
interpreting its findings. The variability in study
designs, intervention types, and outcome measures
presents challenges in directly comparing the
effectiveness of different interventions. This
heterogeneity mightlimitthe ability to draw definitive
conclusions about the superiority of specific measures.
Moreover, the reliance on published literature may
introduce publication bias, as studies with positive
results are more likely to be published than those with
negative or inconclusive findings. Additionally, the
review did not assess the long-term sustainability and
impact of these interventions on behavior change
among pilgrims or the potential development of
resistance to antibiotics, factors critical to the long-
term success of infection control measures in such
settings.

Conclusions

the systematic review highlights the effectiveness of
various interventions in controlling respiratory
infections among Hajj pilgrims, with significant
reductions in infection rates observed across different
strategies. The use of face masks was associated with
arisk ratio as low as 0.32, hand hygiene interventions
reported a 45% reduction in respiratory symptoms,
and comprehensive health education programs saw a
40% reduction in infection rates. The combination of
multiple preventive measures appeared to be the most
effective strategy, underscoring the importance of
integrated approaches in managing public health risks
at mass gatherings. Despite the challenges in direct
comparison and potential biases, these findings offer
valuable evidence to guide the implementation of
effective public health interventions during the Hajj
and similar mass gathering events.
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Table (1): Summary of studies that evaluated the control measures of respiratory infection among pilgrims

in Saudi Arabia

Study Sample Population Type of Effectiveness of Study conclusion
Citation Size Characteristics intervention the intervention y
Adult pilgrims, 32% reduction (Cl: Face masks significantly reduced
1 “ mixed gender Face masks 14-72%) respiratory infection risk.
Elderly pilgrims . 45% reduction (CI: | Hand hygiene effectively decreased
12 250 >60 years Hand hygiene 30-100%) infection incidence.
0, i . ion i
13 384 Ad_ult_male Health education 40% reduction (CI: Health edu_catlon |m_pr0V(%d
pilgrims 48-75%) preventive behaviors.
Female pilgrims, N 22% reduction (Cl: | Vaccination was crucial in lowering
14 653 aged 18-45 Vaceination 9-53%) infection rates.
Pilgrims with pre- Prophylactic 33% reduction (Cl: | Prophylactic antibiotics significantly
15 122 . . L L .
existing conditions antibiotics 21-52%) cut bacterial infections.
First-time pilgrims, | Face masks +Hand | 50% reduction (Cl: | Combination of face masks and hand
16 372 . . . .
mixed age hygiene 40-60%) hygiene enhanced protection.
Mixed pilgrims, Health education + | 55% reduction (Cl: | Education and vaccination effectively
17 528 . - . .
wide age range Vaccination 45-65%) reduced infections.
S
Adult pilgrims, Vaccmatlon' 40% reduction (CI: | Vaccination and antibiotics together
18 400 . Prophylactic . .
mixed gender L 30-50%) lowered infection rates.
antibiotics
Integrated
19 600 Young adults, 18- | approach (Masks, | 60% reduction (Cl: Integrated approaches were most
30 years Hygiene, 50-70%) effective in reducing infection risk.
Education)
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