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ABSTRACT 

Background 

Religious mass gatherings (MGs) in the Kingdom of Saudi Arabia (KSA), the Hajj and Umrah 

pilgrimages, attract millions of participants annually, posing a high risk of transmission of 

respiratory tract infections (RTIs) due to dense populations, close contact, and shared 

accommodation. Hand hygiene (HH) is a fundamental infection control measure, but its preventive 

role against RTIs during MGs lacks focused research. Therefore, this PhD thesis aimed to assess 

knowledge, perceptions, and practices regarding HH and its role in preventing viral RTIs among 

attendees of religious MGs in KSA, including Hajj and Umrah pilgrims and visitors to the 

Prophet's Mosque, during the COVID-19 pandemic while also exploring the burden and 

epidemiological patterns of RTIs among pilgrims. 

Methods 

To achieve the study objectives, I embarked on five observational studies and a pilot randomised 

control trial (RCT) conducted between 2019 and 2021 among domestic Hajj and Umrah pilgrims 

in Makkah and visitors to the Prophet's Mosque in Al Madinah. A cross-sectional study was 

conducted during the 2019 Hajj season to assess HH knowledge and practices before the pandemic. 

Following that, another cross-sectional study was carried out among visitors to the Prophet's 

Mosque during the last four days of Hajj in 2020, exploring HH knowledge, perception, and 

practice during the pandemic. Building upon these studies, one cohort study evaluated HH 

behaviour and symptomatic viral RTI rates during the 2021 Hajj, followed by a post-Hajj cross-

sectional study. In the same year (2021), amid the pandemic, a parallel RCT examined the 

relationship between HH and RTI rates during the peak period of the Umrah season. Subsequently, 

using the collected data, I compared the health behaviours and RTI rates between the 2021 Hajj 
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and Umrah pilgrims. In addition, I conducted a systematised review to compare airborne infection 

patterns among Hajj pilgrims from different countries with varying circumstances, including 

income status. 

Results 

The systematised review identified a high risk of RTIs during Hajj, regardless of pilgrims’ 

nationality. However, my studies found an overall low prevalence of RTIs among both Hajj and 

Umrah pilgrims (5% and 2%, respectively) during the pandemic, with even lower rates of ‘possible 

COVID-19’ (1% and 0.4%, respectively). Nonetheless, Hajj pilgrims had significantly higher RTI 

rates than Umrah pilgrims (p = 0.05). Nearly half of symptomatic pilgrims (46%) in the post-Hajj 

study reported that at least one of their close contacts had experienced similar respiratory 

symptoms, implying a high risk of contact transmission following the pilgrimage. 

Participants demonstrated moderate HH knowledge, with no apparent improvement during the 

pandemic (pre-pandemic: 6.7 ±1.9 of a total score of 12 among Hajj pilgrims in 2019 versus amidst 

the pandemic: 6.4 ±1.35 of a total score of 12 among visitors to the Prophet's Mosque in 2020 and 

4.15 ±1.22 of a total score of 6 among Hajj pilgrims in 2021). However, the majority of participants 

believed in HH methods' effectiveness against viruses like influenza and COVID-19. Compliance 

with HH practices was generally good, with handwashing with soap and water being the preferred 

method. Nonetheless, Hajj participants demonstrated higher compliance with alcohol-based hand 

rubs (ABHR) than Umrah participants (53% vs. 36%, respectively, p < 0.001). 

The compliance rate with the HH intervention (ABHR) did not significantly differ between the 

intervention and control groups in our trial (37% vs. 36%, respectively, p = 0.8). Also, no 

statistically significant difference in RTI rates was found between the intervention and control 

groups during the pandemic (OR = 1.1; 95% CI 0.3–4.0), suggesting inconclusive evidence of 
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HH's protective role during Umrah. The pilot trial successfully demonstrated the feasibility of a 

future full-scale trial within the Umrah setting and similar MG settings. 

Conclusion 

This thesis highlighted the importance of HH during religious MGs in KSA amidst a pandemic, 

revealing a high risk of RTIs during the Hajj and underscoring the need for preventive measures. 

Although RTI prevalence decreased during the pandemic, monitoring the risk of RTI following 

MGs remains critical. Establishing a future RCT on HH's role in preventing RTIs during Umrah 

is feasible, and the outcome currently remains inconclusive. Ongoing efforts to improve HH 

knowledge and compliance among pilgrims are essential, along with further research to refine 

preventive measures in MG contexts. These findings have significant implications for global 

public health policy, not only in KSA but also in similar MG settings globally. 
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DEFINITION OF TERMINOLOGIES RELATED TO RESPIRATORY 

TRACT INFECTIONS 

Respiratory tract infections: This is a general term that refers to respiratory infections caused by 

either viral or bacterial agents. 

Viral respiratory tract infections: This refers to infections exclusively caused by viral aetiology; 

more specifically, this term may refer to influenza or COVID-19, but may not include other viral 

diseases such as respiratory syncytial virus (RSV), parainfluenza, etc. 

Emerging respiratory tract infections: This refers to infections that are newly recognised in a 

population or have existed but are rapidly increasing in incidence or geographic range. These 

include severe acute respiratory syndrome (SARS), influenza A/(H1N1)pdm09, Middle East 

respiratory syndrome coronavirus (MERS-CoV), and COVID-19. 

Symptomatic/syndromic respiratory tract infections: This refers to infections, including 

influenza and COVID-19, that are diagnosed based on an assessment of clinical symptoms rather 

than laboratory tests. 

Airborne infections: This refers to pathogens transmitted through air droplets/respiratory route, 

including those not predominantly causing respiratory tract infections, such as meningococcal 

diseases.  
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INTRODUCTION 

1. Religious mass gatherings in the Kingdom of Saudi Arabia 

A mass gathering (MG) is defined as "an organised or unplanned event attended by a sufficient 

number of people to strain the planning and response resources of a community, state, or nation 

hosting the event".1 MGs can vary in their purpose, duration, size, and location. Religious 

congregations, political rallies, sports competitions, scientific and business conventions, and 

conferences are some examples of MG events that could be held worldwide at national, regional, 

or local levels. The duration of MGs may vary from several hours, e.g., music concerts and the 

Umrah pilgrimage, to days or weeks, e.g., the Hajj pilgrimage and the FIFA World Cup. Some 

organised MG events occur at different sites, e.g., the FIFA World Cup, or at a specific location, 

e.g., Hajj.2 Although these MGs may bring several benefits to a host country, particularly in the 

form of financial revenues and cultural exchange, they have the potential to amplify health and 

safety issues. The greatest challenge for a city hosting an MG event is meeting the need for demand 

in the healthcare system's capacity to serve populations notably larger than its local population.1 

This is accompanied by outbreaks of communicable diseases and an increased incidence of non-

communicable diseases, stampedes, alcohol and substance abuse, and terrorist incidents.3 

The Kingdom of Saudi Arabia (KSA) is the custodian of two holy mosques: the Grand Mosque 

(Al-Masjid Al-Haram) in the city of Makkah (Figure 1) and the Prophet’s Mosque (Al-Masjid Al-

Nabawi) in the city of Al Madinah (Figure 2), which are the global destinations for millions of 

Muslims.2 Makkah, known as Islam's holiest city, hosts ‘Hajj’ and ‘Umrah’, the two major 

religious MGs in Islam. Hajj (the major pilgrimage) is one of the five basic pillars of Islam and is 

thus obligatory for every physically and financially able practising Muslim. This Islamic 

pilgrimage is important because it is one of the world’s largest annual religious MGs. Up to three 
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million Muslims from more than 180 nations gather to spend specified days in the last month of 

the Islamic lunar calendar year (called Dhul-Hijjah) at specific sacred sites within and on the 

outskirts of Makkah, including Mina (an unpopulated valley a few kilometres east of Makkah), the 

Plain of Arafat (a nearby hillside in Makkah), and Muzdalifah (a place located between Mina and 

Arafat).4 

Unlike Hajj, Umrah (the minor pilgrimage) is not obligatory, and its rituals can be accomplished 

in a few hours at any time throughout the year within the Grand Mosque in Makkah.5 The fasting 

month of Ramadan is the peak season for Umrah, as it has almost similar spiritual significance to 

Hajj for the devotees; the Prophet Mohammad (peace be upon him) said, "Umrah in Ramadan is 

equivalent to Hajj (in religious reward)".5 

Many Hajj and Umrah pilgrims visit the Prophet's Mosque, which houses the mausoleum of the 

Prophet Muhammad (peace be upon him). This visitation (known as Ziyarah) is not required as 

part of Hajj or Umrah, but it is a unique and revered optional opportunity that should not be missed; 

therefore, the majority of pilgrims include this visit in their itinerary and spend several days in Al 

Madinah city, which becomes the second most crowded city in KSA during Hajj and Umrah 

seasons.2 Even during the peak period of Hajj when pilgrims stay in Makkah, many non-pilgrims 

celebrate Eid Al-Adha (the Feast of Sacrifice), which corresponds to the 10th of Dhul-Hijjah, by 

visiting the Prophet’s Mosque and performing a special prayer. Figure 3 illustrates the detailed 

major differences between these religious MGs in KSA. 

As an integral part of Saudi Arabia’s Vision for 2030, the "Pilgrim Experience Program" seeks to 

enable the greatest number of pilgrims to perform these pilgrimages to the fullest extent and to 

enhance their experience by preparing the two holy mosques and providing the finest services to 

pilgrims before, during, and after visiting Makkah and Al Madinah.6 
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Figure 1. The Grand Mosque (Al-Masjid Al-Haram) in Makkah city. 

 

 

Figure 2. The Prophet’s Mosque (Al-Masjid Al-Nabawi) in Al Madinah city. 

Image used with permission from Mr Emad Alhusayni, Saudi Arabia. ©Copyright of Emad Alhusayni 
Photography (emadphoto.com) [Accessed on 22 May 2023]. 

 

Image used with permission from Mr Emad Alhusayni, Saudi Arabia. ©Copyright of Emad Alhusayni 
Photography (emadphoto.com) [Accessed on 22 May 2023]. 

http://www.emadphoto.com/
http://www.emadphoto.com/
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Figure 3. Major differences between religious mass gatherings in Saudi Arabia. 

 

Religious Mass Gatherings in Kingdom of Saudi Arabia

Hajj Pilgrimage

Obligatory for every adult 
Muslim who is physically 
and financially capable to 

perform once in their lifetime 

Must be performed on 
specific days (5-6 days) in 
the month of 'Dhul-Hijjah'

Takes place in holy sites 
within/outside Makkah city: 

Grand Mosque, Arafat, 
Muzdalifah and Mina

Major rites include: 
1. Entering the state of Ihram 

by wearing a pair of 
unstitched garments, 

avoiding using scented 
toiletries, shaving, and 

cutting hair or nails
2. Circumambulation 

(Tawaf) around the cube-
shaped monolith (Kaaba) at 

the Grand Mosque
3. Stay in Arafat for the day 

of standing
4. Overnight stop in 

Muzdalifah 
5. Stay in Mina tents for 3-4 
days and stop at Jamarat to 
perform the stoning ritual

Umrah Pilgrimage

Not obligatory but highly 
recommended in Islam, 
especially in the fasting 

month of 'Ramadan' 

Can be performed within 
hours on a single day during 

any time of the year

Takes place in the Grand 
Mosque in Makkah city

Major rites include: 
1. Entering the state of Ihram 

by wearing a pair of 
unstitched garments, 

avoiding using scented 
toiletries, shaving, and 

cutting hair or nails
2. Circumambulation 

(Tawaf) around the Kaaba
3. March between two 

hillocks 'Safa and Marwa' 

Visiting Prophet’s Mosque 
(Ziyarah)

Not obligatory but a revered 
opportunity for pilgrims 
before or after Hajj and 

Umrah

Can be performed within 
hours on a single day during 

any time of the year

Takes place in the Prophet’s 
Mosque in Al Madinah city

Major rites include: 
1. Praying in the mosque

2. Praying in the area of the 
mosque that is situated 

between the Prophet's grave 
and the pulpit (Rawdah)
3. Visiting the Prophet's 

mausoleum
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Such religious events associated with MG have a confluence of special characteristics and potential 

risks. The potential for transmission of infectious diseases among attendees is a significant concern 

due to the inevitable severe congestion of participants in confined spaces and prolonged close 

contact in ritual sites with minimal physical distancing.7, 8 For instance, the tents in Mina, where 

Hajj pilgrims are required to stay for a minimum of three to four nights, have the capacity to house 

up to 100 to 150 individuals. This high density of individuals within the tents, coupled with 

prolonged close contact, may increase the likelihood of transmission of infections among 

pilgrims.9 

The Hajj pilgrimage has been observed to impose significant ritual and physical demands on 

participants, which can result in a heightened vulnerability to severe morbidity and mortality.10 A 

major proportion of individuals who undertake this Islamic pilgrimage are older adults, with about 

50% of them aged over 50 years and roughly 25% aged at least 65 years, who attain the necessary 

resources to perform Hajj after years of saving.11 Among those pilgrims, many of them suffer from 

pre-existing health conditions such as diabetes mellitus, chronic lung disease, cardiovascular 

disease, or other chronic illnesses.12 In addition, the Islamic lunar calendar experiences a lag of 

approximately 10 to 11 days in relation to the Gregorian calendar on an annual basis; hence, the 

timing of the Hajj pilgrimage may vary across different seasons, ranging from the winter influenza 

peak in the northern hemisphere to the meningitis season in sub-Saharan Africa.13 
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2. Risk of respiratory tract infections at Hajj and Umrah 

A series of major health issues have long been documented at Hajj throughout its 1,400-year 

history. Historical documents recorded instances of cholera outbreaks afflicting pilgrims prior to 

1989, alongside the widespread prevalence of meningococcal disease, including the major 

Serogroup A outbreak in 1987.14 This historical narrative sets the backdrop for the evolving 

landscape of health concerns at these MGs. 

Over time, the focus has increasingly shifted towards respiratory tract infections (RTIs) as the most 

prevalent health issue encountered by pilgrims during Hajj and Umrah. A series of recent clinical 

and microbiological studies have investigated RTIs among pilgrims (summarised in Table 1). The 

prevalence of RTIs varied across the studies. A 2016 Malaysian surveillance found that 71% of 

Hajj pilgrims were confirmed to have at least one positive respiratory pathogen15; conversely, 

another study between the 2013 and 2015 Hajj seasons showed that 7% of Chinese pilgrims had a 

viral RTI.16 Foremost among the clinical symptoms reported by affected pilgrims is cough, with 

rates varying from 40% to 100%,15, 17 followed by a sore throat from 46% to 78%,15, 18 rhinitis 

from 27% to 65%,15, 19 and fever from 2% to 41%.16, 20 The results of laboratory-based studies 

detected multiple viral and bacterial agents causing RTIs. Concerning viral aetiology, human 

rhinovirus was the most commonly isolated virus among pilgrims, with a prevalence ranging from 

0.5% to 42%,21, 22 followed by influenza from 3% to 40%,19, 23 and human coronavirus from 0.3% 

to 19%.16, 24 Haemophilus influenzae was the most prevalent bacteria, with a range of 5% to 43%,15, 

22 followed by Staphylococcus aureus (1–36%),18, 19 Klebsiella pneumoniae (0.5–21%),15, 25 and 

Streptococcus pneumoniae (0.5–18%).22, 25 
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Table 1. Summary of recent studies that reported the burden of respiratory tract infections among 

Hajj and Umrah pilgrims. 

Authorref Hajj/Umrah Nationality 
(study year) 

Clinical 
symptoms (%) 

RTI 
burden 
(%) 

Detected 
Pathogens (%) 

Memish et 
al24 

Hajj  Different 
nationalities 
(2013) 

NR 62 Rhinovirus (34) 
Influenza (4) 
Coronavirus (19) 
S. pneumoniae (13) 
K. pneumoniae (4) 
S. aureus (8) 
H. influenzae (12) 

Barasheed 
et al17 

Hajj  Saudi, 
Australian and 
Qatari (2013) 

Cough (40) 
Rhinitis (34) 
Sore throat (59) 

11 Rhinovirus (25) 
Influenza (4) 
Coronavirus (2) 

Agustining
sih et al23 

Hajj and 
Umrah  

Indonesian 
(2013–2014) 

NR 40 Influenza (40) 

Hashem et 
al26 

Hajj Different 
nationalities 
(2014) 

NR 51 Rhinovirus (12) 
Influenza (29) 
Coronavirus (18) 

Al-Abdallat 
et al20 

Hajj  Jordanian 
(2014) 

Cough (76) 
Rhinitis (37) 
Sore throat (50) 
Fever (41) 

58 Rhino/enterovirus 
(47) 
Coronavirus (13) 
influenza (5) 

Refaey et 
al27 

Hajj  Egyptian (2012–
2015) 

NR 30 Influenza (14) 

Ma et al16 Hajj  Chinese (2013–
2015) 

Fever (2) 7 Influenza (6) 
Coronavirus (0.3) 

Alfelali et 
al28 

Hajj  Saudi, 
Australian and 
Qatari (2013–
2015) 

NR 43 Rhinovirus (35) 
Influenza (4) 

Erdem et 
al22 

Hajj and 
Umrah  

Turkish (2013–
2015) 

NR 33 Influenza (8) 
Coronavirus (0.5) 
Rhinovirus (0.5) 
S. pneumoniae (0.5) 
H. influenzae (0.5) 

Koul et al29 Hajj and 
Umrah 

Indian (2014–
2015) 

NR 32 Influenza (11) 
Coronavirus (17) 
Rhinovirus (6) 
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Muraduzza
man et al30 

Hajj  Bangladeshi 
(2013–2016) 

NR 30 Influenza (22) 

Noor Nik 
Zuraina et 
al15 

Hajj  Malaysian 
(2016) 

Cough (100) 
Rhinitis (27) 
Sore throat (46) 
Fever (32) 

71 H. influenzae (43) 
S. pneumoniae (1) 
K. pneumoniae (0.5) 

Hoang et 
al25 

Hajj  French (2014–
2017) 

Cough (72) 
Rhinitis (55) 
Sore throat (46) 
Fever (25) 

17 Rhinovirus (27) 
Coronavirus (8) 
Influenza (4) 
H. influenzae (32) 
K. pneumoniae (21) 
S. pneumoniae (18) 
S. aureus (14) 

Alasmari et 
al31 

Hajj  Different 
nationalities 
(2017) 

Cough (44) 39 NR 

Hoang et 
al19 

Hajj  French (2014–
2016 and 2018) 

Cough (43) 
Rhinitis (65) 
Sore throat (63) 
Fever (39) 

25 Rhinovirus (40) 
Coronavirus (15) 
Influenza (3) 
S. aureus (36) 
H. influenzae (30) 
K. pneumoniae (17) 
S. pneumoniae (4) 

Bokhary et 
al18 

Hajj  Different 
nationalities 
(2018) 

Cough (74) 
Rhinitis (61) 
Sore throat (78) 
Fever (40) 

7 H. influenzae (5) 
S. pneumoniae (2) 
S. aureus (1) 

Alsayed et 
al21 

Hajj  Different 
nationalities 
(2019) 

NR 68 Rhinovirus (42) 
Influenza (29) 
Coronavirus (19) 

NR = not reported 
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Pneumonia has been identified as the leading cause of hospitalisation and admission to intensive 

care units (ICU) during Hajj. For instance, it was the primary cause contributing to critical illness 

among pilgrims requiring ICU admission in 15 hospitals in Makkah and Al Madinah consecutively 

over two Hajj years (2009 and 2010).32 A study investigated the burden of community-acquired 

pneumonia (CAP) during Hajj 2016, revealing that the majority of cases (71%) were admitted in 

hospitals in Makkah, with 53% post-Hajj, of whom 45% required ICU care, resulting in an overall 

case-fatality rate of 10%.33 A retrospective analysis of all patients diagnosed with pneumonia and 

admitted to a hospital in Al Madinah during the Hajj period of 2004–2013 revealed that 37.4% 

had positive sputum cultures, with primary organisms including S. aureus (36.1%), K. pneumoniae 

(29%), H. influenzae (24.3%), community-acquired MRSA (6.5%), Pseudomonas aeruginosa 

(3.1%), and S. pneumoniae (1%), while the mortality rates were 2% in the hospital ward and 

significantly higher at 21% in the ICU.34 In a recently published cross-sectional study focusing on 

pneumonia cases among Hajj and Umrah participants, 38 clinical samples were examined for 

bacterial pathogens: 66% of samples tested positive for bacteria, with H. influenzae (26.4%), 

Moraxella catarrhalis (20.8%), K. pneumoniae (13.2%), S. pneumoniae (9.4%), and S. aureus 

(5.7%) being the detected causative agents.35 

Emerging infectious diseases are of particular concern at MGs, which have a high epidemic 

potential and could lead to an unprecedented intercontinental outbreak. Several viral RTIs have 

emerged in recent years, such as severe acute respiratory syndrome (SARS) in 2003, the influenza 

A H1N1 (H1N1pdm09) pandemic in 2009, the Middle East respiratory syndrome coronavirus 

(MERS-CoV) in 2012, and more recently the coronavirus disease (COVID-19) pandemic.36, 37, 38 

Many studies have investigated the emerging viral RTIs among pilgrims over the past few years. 

For instance, a few studies examined the 2009 H1N1 pandemic among Hajj pilgrims: Ashshi et 

al39 reported 9 (0.6%) cases; Moattari et al40 reported 5 (1.8%) cases; Ziyaeyan et al41 reported 5 

(1.6%) cases; Memish et al42 reported 2 (0.1%) cases; Kandeel et al38 did not report any cases 
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among the participants studied. Since 2012, surveillance studies on the incidence of MERS-CoV 

infection among Hajj pilgrims have been conducted, but no cases have been reported43; however, 

several cases have been recorded among Umrah pilgrims and other travellers to KSA.44 A few 

recent studies estimated the rates of COVID-19 among Hajj and Umrah pilgrims in the midst of 

the pandemic. During Hajj in 2021, a retrospective surveillance study revealed that 41 out of 

58,428 pilgrims tested positive for COVID-19 via real-time polymerase chain reaction (PCR) tests 

performed before, during, and after the event.45 Another study was conducted at Cairo 

International Airport to determine the incidence of COVID-19 among Egyptian pilgrims who had 

completed their Umrah during the month of Ramadan in 2022: 6.7% (n = 67) of 1003 participants 

tested were positive for COVID-19.46 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can spread through droplet or 

droplet nuclei so behaviours like coughing, sneezing, speaking, singing or breathing can spread 

person-to-person transmission.47 This infection has affected more than 770 million people 

worldwide, with over six million casualties, and in KSA there have been 841,469 confirmed cases 

and 9,646 mortalities (as of 10 September 2023).48 The first official case of COVID-19 in KSA 

was detected in March 2020, about five months before the 2020 Hajj.49 The authorities in KSA 

implemented multiple drastic preventive and mitigation measures at the holy mosques to stop the 

spread of the virus during Hajj and Umrah congregations (2020, 2021, and 2022) (Figure 4). In 

the early stage of the pandemic, the KSA government decided to impose a lockdown at the holy 

mosques and entirely suspend Umrah and Ziyarah.50 The number of pilgrims for the 2020 Hajj, 

which took place in late July and early August, was drastically downscaled to only 1,000 residents 

of all nationalities inside KSA who were closely observed and accompanied by medical 

personnel.49 By the end of 2020, some of these stringent restriction measures were gradually lifted, 

and Umrah resumed, although a limited number of COVID-19-vaccinated domestic pilgrims were 

permitted to participate in Umrah and Ziyarah under strict health precautions.51 When the next 
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Hajj season was held in July 2021, the number of participating pilgrims was raised to 60,000 pre-

selected residents of KSA who obtained two doses of the COVID-19 vaccine, in addition to a 

strictly implemented bundle of COVID-19 personal protective measures (e.g., wearing facemasks, 

observing personal hygiene, and maintaining social distancing).45 As of October 2021, nearly a 

year and a half since the initial closure, the full capacity of the Grand Mosque began to be re-

utilised, and further prayers and more Umrah pilgrims were permitted.52 As a result of the success 

of the Hajj 2020 and 2021, as well as the excellent coverage of the COVID-19 vaccination, the 

KSA government escalated the number of pilgrims to nearly one million and allowed international 

pilgrims to attend Hajj 2022.53 In a significant decision, the government of KSA permitted an 

unrestricted Hajj pilgrimage in 2023, drawing over 1.8 million Muslims, including one and a half 

million international pilgrims from 150 countries. This marked the largest Hajj season post-

COVID-19, proceeding seamlessly without noticeable outbreaks or public health threats.54 

Figure 4. Pilgrims at the Grand Mosque amidst the COVID-19 pandemic. 

  

Image used with permission from Mr Emad Alhusayni, Saudi Arabia. ©Copyright of Emad Alhusayni 
Photography (emadphoto.com) [Accessed on 22 May 2023]. 

 

http://www.emadphoto.com/
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3. Hand hygiene interventions to prevent respiratory tract infections 

Various pharmaceutical and non-pharmaceutical interventions have been recommended and 

implemented to interrupt or reduce the spread of infectious diseases among the attendees of MGs; 

these interventions have been refined annually based on the global epidemiological scenario.55 

Pharmaceutical measures such as vaccinations and antiviral drugs are considered the key 

preventive and control measures against RTIs but may not be sufficient to prevent the spread of 

all viral RTIs potentially caused by a few hundred different viruses, particularly in the context of 

a pandemic; hence, non-pharmaceutical interventions such as hand hygiene (HH), facemasks, 

cough etiquette, and social distancing complement these pharmacological interventions. However, 

evidence on the preventive role of most non-pharmaceutical interventions against RTIs among 

participants in MG settings is inconclusive or unproven. For example, a large randomised 

controlled trial (RCT) among Hajj pilgrims found that using a facemask seemed to be ineffective 

against viral RTIs.28 

Using HH methods frequently and thoroughly is one of the most fundamental infection control 

and prevention measures. Handwashing with soap and water for at least 20 seconds or hand 

sanitisation with a 60% alcohol-based hand rub (ABHR) can help prevent viral RTIs in events 

where people are more likely to mix, contract, and disseminate infections.56 Systematic reviews in 

a variety of settings have demonstrated the role of HH in reducing the burden of RTIs,57, 58, 59 but 

there is very limited focused research on the role of HH in MGs. In a recent systematic review to 

evaluate the efficacy of HH and other physical interventions against respiratory viruses in settings 

such as schools, childcare centres, and households, the pooled data from 19 RCTs (Table 2) 

revealed that HH interventions may be beneficial with an 11% relative reduction in RTIs (relative 

risk [RR] = 0.89; 95% confidence interval [CI] 0.83–0.95); this benefit would result in a reduction 

from 200 to 178 events per 1000 persons (95% CI 166–188).60 
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Table 2. Summary of randomised controlled trials on the efficacy of hand hygiene in non-mass 

gathering settings. 

Authorref Study population 
(Year) 

Intervention Outcome 

Ashraf et 
al61 

Young children in rural 
communities in 
Bangladesh (2012–2013) 

Handwashing with 
soap and water 

Handwashing reduced ARI cases by 
32% (RR = 0.68; 95% CI 0.52–0.88). 

Azor-
Martinez 
et al62 

Children in day care 
centres in Spain (2013–
2014) 

Educational 
intervention and HH 
products (soap and 
sanitiser)  

The soap group had less risk of RTI 
episodes (RR = 0.77; 95% CI 0.68–
0.88) than the control group. The 
sanitiser group had a higher risk of 
RTI episodes (IRR = 1.21; 95% CI 
1.06–1.39) than the soap group. 

Biswas et 
al63 

Primary schoolchildren, 
Bangladesh (2015) 

Hand sanitiser and a 
respiratory hygiene 
education 

Incidence of laboratory-confirmed 
influenza was 53% lower in the 
intervention arm (3/1,000 person-
weeks) than in the control arm 
(6/1,000 person-weeks) (p = 0.01). 

Correa et 
al64 

Children 1–5 years in 
childcare centres in 
Colombia (2008) 

Hand sanitiser plus 
handwashing 

Significant risk reductions for ARI in 
the intervention compared to control 
arm p < 0.001. 

Cowling 
et al65 

Household members in 
Hong Kong (2008) 

HH education and 
products (liquid 
soap and ABHR) 

HH seemed to reduce influenza 
transmission, but the differences 
compared with the control group 
(only education) were not significant. 

Cowling 
et al66 

Household members in 
Hong Kong (2007) 

HH education and 
products (liquid 
soap and ABHR) 

6% secondary attack ratio of 
household contacts with laboratory 
confirmed influenza, but it did not 
significantly differ across the 
intervention arms. 

Hubner et 
al67 

Employees at workplaces 
in Germany (2005–2006) 

 ABHR ABHR significantly reduced the 
episodes of common cold (OR = 0.35; 
95% CI 0.17–0.71), fever (OR = 0.38; 
95% CI 0.14–0.99) and coughing (OR 
= 0.45; 95% CI 0.22–0.91). 

Larson et 
al68 

Hispanic households in 
USA (2006–2008) 

HH education with 
ABHR 

ABHR group was significantly more 
likely to report that no household 
member had symptoms (p = 0.01), but 
there were no significant differences 
in rates of infection by intervention 
group in multivariate analyses. 
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Little et 
al69 

Individuals sharing a 
household in UK (2011–
2013) 

Internet-based 
intervention to 
maximise 
handwashing 
intention and 
monitor behaviour 

51% of individuals in the intervention 
group reported at least RTI episodes 
vs. 59% in the control group (RR = 
0.86; 95% CI 0.83–0.89; p < 0·0001). 

Millar et 
al70 

Military Trainees in USA Enhanced promotion 
vs. promotion plus a 
chlorhexidine-based 
cleanser (CHG)  

ARI rates were lower in the enhanced 
standard group (RR = 0.82; 95% CI 
0.80–0.87) and marginally higher in 
the CHG group (RR = 1.07; 95% CI 
1.03–1.11) when compared with the 
standard group. 

Nicholson 
et al71 

Community children aged 
5 years in India (2007–
2008) 

Combination of HH 
promotion with 
provision of free 
soap 

Intervention group 5-year-olds had 
fewer episodes of ARI (15%; 95% CI 
30–8). 

Ram et 
al72 

Index case-patients in 
communities in 
Bangladesh (2009–2010) 

Soap and daily 
handwashing 
promotion 

Intervention was not associated with 
lower rates of ILI or laboratory-
confirmed influenza among 
compound or household members; 
secondary attack ratio for intervention 
to control for ILI 1.24 (95% CI 0.93–
1.65) and Laboratory‐confirmed 
influenza 2.40 (95% CI 0.68–8.47). 

Roberts et 
al73 

Staff in childcare centres 
in Australia (1996) 

Training on 
infection control, 
handwashing, and 
aseptic nose-wiping 
technique 

No significant reduction in colds in 
intervention group across the full age 
range; Incidence rate ratio for ARI 
0.92 for intervention to control (95% 
CI 0.86–0.99). 

Sandora 
et al74 

Homes of families with 
children in USA (2002–
2003) 

Campaign to 
increase using 
ABHR and HH 
education 

Overall rate of secondary respiratory 
illness was not significantly different 
between groups (IRR = 0.97; 95% CI 
0.72–1.30). 

Simmerm
an et al75 

Households with a febrile, 
influenza-positive child in 
Thailand (2008–2009) 

HH education and 
standard unscented 
liquid soap 

Secondary influenza infection was not 
significantly different in the 
handwashing group (OR = 1.20; 95% 
CI 0.76–1.88; p = 0.44). 

Stebbins 
et al76 

Children in elementary 
schools in USA (2007–
2008) 

Training in hand and 
respiratory hygiene 
plus hand sanitiser 

No significant effect of the 
intervention on all laboratory 
confirmed influenza cases (IRR = 
0.81; 95% CI 0.54–1.23). 
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Swarthout 
et al77 

Pregnant women from 
Kenyan villages (2012–
2014) 

Handwashing with 
soap 

No evidence of an effect of 
intervention on prevalence of ARIs in 
children (RR = 0.97; 95% CI 0.90–
1.04). 

Teesing et 
al78 

Nursing staff in nursing 
home in Netherlands 
(2016–2017) 

HH enhancement 
activities: an e-
learning, live 
lessons, posters, and 
a photo competition 

HH reduced risk of ILI (RR 0.51; 
95% CI 0.31–0.83) in the intervention 
arm vs. the control arm. 

Zomer et 
al79 

Caregivers and children in 
day care centres in 
Netherlands (2011–2012) 

HH products, 
training sessions, 
and posters/stickers 

No evidence for an effect of the 
intervention on the incidence of 
episodes of common cold (IRR = 
1.07; 95% CI 0.97–1.19). 

ABHR: alcohol-based hand rub; ARI: acute respiratory infection; HH: hand hygiene; ILI: influenza-like 
illness; RTI: respiratory tract infection. 

 

Regarding the use of HH in MG settings, limited observational studies conducted before the 

COVID-19 pandemic resulted in inconsistent evidence about the role of HH in preventing viral 

and bacterial RTIs among Hajj pilgrims.80 Surveys conducted among pilgrims from the USA in 

2009, Malaysia in 2013, and Australia in 2015 demonstrated that practising HH effectively reduced 

symptomatic RTIs.81, 82, 83 Interestingly, a study observed that French pilgrims who engaged in 

more frequent handwashing were more likely to experience fever and respiratory symptoms during 

the 2012 Hajj compared to those with typical handwashing habits.84 Conversely, in 2013, the same 

team found that participants who used ABHR had a lower prevalence of S. pneumoniae in throat 

swab specimens compared to those who did not use ABHR, yet participants who reported frequent 

handwashing with soap only had a non-significantly lower prevalence of the bacteria.85 

Nevertheless, another two studies did not find any association between HH and a decreased risk 

of RTIs among French pilgrims.86, 87 
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Practising HH methods is one of the most preferred infection prevention and control measures 

during these Islamic pilgrimages. Several studies indicated a good uptake of HH among Hajj 

pilgrims; for example, most Australian pilgrims in 2014 and 2015 (94% and 69%, respectively) 

frequently cleaned their hands with soap and with ABHR,83, 88 and a significant proportion of 

French pilgrims in 2012 and 2013 (40% and 50%, respectively) reported frequent handwashing 

and, respectively, 46% and 67% used ABHR.84, 85 A good practice of HH was also found among 

Umrah pilgrims; for instance, more than half of Malaysian pilgrims in 2018 practised HH 

interventions, including washing their hands after handshakes, touching doorknobs, sneezing, and 

coughing,89 as well as the vast majority of pilgrims (82%) who participated in a 2019 study at an 

international airport in KSA washed their hands with soap and water or used ABHR after coughing 

or sneezing.90 

Notably, handwashing with soap and water was the most frequently reported method for hand 

cleaning by pilgrims, followed by ABHR, as evidenced by a previous systematic review by 

Alqahtani and colleagues, which concluded that the compliance rate of washing hands with soap 

and water among Hajj participants ranged from 32% to 90% (a pooled estimate of 69%), whereas 

the use of ABHR ranged from 31% to 77% (a pooled estimate of 51%).80 

Hajj and Umrah are unique settings to explore the role of HH in preventing the transmission 

associated with such MG events. However, there is a paucity of focused studies investigating the 

preventive role of HH against viral RTIs and other key research questions around HH use among 

attendees of these MGs, particularly amidst a global pandemic.  
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4. Thesis aims and objectives 

This PhD thesis aims to assess knowledge, perceptions, and practices regarding HH and its role in 

preventing viral RTIs among attendees of religious MGs in KSA, including Hajj and Umrah 

pilgrims and visitors to the Prophet's Mosque, amidst the COVID-19 pandemic while also 

exploring the burden and epidemiological patterns of RTIs among pilgrims. 

The thesis addresses the following six research objectives: 

Objective #1 Investigate the epidemiological patterns of airborne infections among Hajj 

pilgrims. 

Objective #2 Assess HH knowledge and practices among Hajj pilgrims prior to the 

COVID-19 pandemic. 

Objective #3 Assess HH knowledge and practices among Hajj pilgrims and visitors to the 

Prophet's Mosque at different stages during the COVID-19 pandemic. 

Objective #4 Estimate the rates of syndromic viral RTIs among Hajj pilgrims during the 

COVID-19 pandemic. 

Objective #5 Explore the relationship between practising HH and rates of RTIs in Umrah 

amidst the COVID-19 pandemic. 

Objective #6 Compare pilgrims' HH knowledge, practices, and rates of RTIs during the 

peak periods of Umrah and Hajj. 
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5. Thesis structure 

This thesis contains a total of six chapters, and each of these chapters covers at least one of the six 

research objectives and comprises one to two of the seven published manuscripts. 

The thesis chapters and their linked objectives and publications are presented as follows: 

Chapter 1: A review of epidemiological patterns of Hajj-acquired airborne infections among 

pilgrims  

Linked objective: 

 Objective #1: Investigate the epidemiological patterns of airborne infections among Hajj 

pilgrims. 

Linked publication: 

 Publication #1: Epidemiological differences in Hajj-acquired airborne infections in pilgrims 

arriving from low and middle-income versus high-income countries: A systematised review. 

Chapter 2: Hand hygiene knowledge and practices among domestic Hajj pilgrims before the 

COVID-19 pandemic hit 

Linked objective: 

 Objective #2: Assess HH knowledge and practices among Hajj pilgrims prior to the COVID-

19 pandemic. 

Linked publication: 

 Publication #2: Hand hygiene knowledge and practices among domestic Hajj pilgrims: 

Implications for future mass gatherings amidst COVID-19. 
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Chapter 3: Hand hygiene knowledge, perception, and practices among domestic visitors to 

the Prophet's Mosque amid the COVID-19 pandemic 

Linked objective: 

 Objective #3: Assess HH knowledge and practices among Hajj pilgrims and visitors to the 

Prophet's Mosque at different stages during the COVID-19 pandemic. 

Linked publication: 

 Publication #3: Hand hygiene knowledge, perception, and practices among domestic visitors 

to the Prophet's Mosque in Al Madinah city amid the COVID-19 pandemic: A cross-sectional 

study. 

Chapter 4: Surveillance of respiratory tract infections and hand hygiene among pilgrims 

who attended the 2021 Hajj season 

Linked objectives: 

 Objective #3: Assess HH knowledge and practices among Hajj pilgrims and visitors to the 

Prophet's Mosque at different stages during the COVID-19 pandemic. 

 Objective #4: Estimate the rates of syndromic viral RTIs among Hajj pilgrims during the 

COVID-19 pandemic. 

Linked publications: 

 Publication #4: Syndromic surveillance of respiratory tract infections and hand hygiene 

practice among pilgrims attended Hajj in 2021: A cohort study. 

 Publication #5: Low prevalence of syndromic respiratory tract infections among returning 

Hajj pilgrims amidst the COVID-19 pandemic: A post-Hajj survey. 
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Chapter 5: Feasibility of establishing a large trial among pilgrims amidst a pandemic to 

explore the relationship between practising hand hygiene and rates of respiratory tract 

infections 

Linked objective: 

 Objective #5: Explore the relationship between practising HH and rates of RTIs in Umrah 

amidst the COVID-19 pandemic. 

Linked publication: 

 Publication #6: The relationship between hand hygiene and rates of acute respiratory 

infections among Umrah pilgrims: A pilot randomised controlled trial. 

Chapter 6: A comparison of pilgrims' hand hygiene knowledge, practices, and rates of 

respiratory tract infections during the peak of Umrah and Hajj 

Linked objective: 

 Objective #6: Compare pilgrims' HH knowledge, practices, and rates of RTIs during the peak 

periods of Umrah and Hajj. 

Linked publication: 

 Publication #7: Hand hygiene knowledge and practices, and rates of respiratory tract 

infections between Hajj and Umrah pilgrims: A comparative study. 
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CHAPTER 1:  A review of epidemiological patterns of Hajj-acquired airborne 

infections among pilgrims 

Hajj pilgrims come from different regions with distinct cultural and health profiles. Pilgrims from 

countries with a low burden of disease are at risk of contracting an infection from those from 

countries with a high burden due to their proximity in confined spaces during rituals.91 Before 

commencing the journey, many pilgrims, especially those from developing countries, may lack 

access to sufficient public health measures, e.g., vaccinations.12 Such diversity may result in 

influencing the burden of health risks associated with this pilgrimage. However, the burden of 

infections acquired during Hajj among participants from low and middle-income countries (LMIC) 

and high-income countries (HIC) was not compared, and thus I was prompted to conduct a 

systematised review comparing the epidemiological patterns of Hajj-acquired airborne infections 

among pilgrims from LMIC versus HIC (Publication #1). 

The data synthesis from studies on the burden of laboratory-confirmed airborne diseases during 

Hajj revealed that pilgrims from both regions are susceptible to contracting airborne infections, 

but there appear to be variations in the prevalence of certain infections among pilgrims from LMIC 

or HIC compared to the other group. Studies presenting data on pilgrims' vaccination uptake 

revealed considerable variability among both LMIC and HIC pilgrims, reflecting differing uptake 

rates of recommended vaccines possibly due to variations in vaccine availability and policies 

between nations. Enhanced vaccination coverage and effective protective methods are required to 

interrupt the transmission of airborne diseases during Hajj, regardless of pilgrims' socioeconomic 

background or nation of origin. 

                                                
Publication #1: Mahdi HA, Alluhidan M, Almohammed AB, Alfelali M, Shaban RZ, Booy R, et al. 
Epidemiological Differences in Hajj-Acquired Airborne Infections in Pilgrims Arriving from Low and 
Middle-Income versus High-Income Countries: A Systematised Review. Trop Med Infect Dis. 
2023;8(8):418. https://doi.org/10.3390/tropicalmed8080418. 

https://doi.org/10.3390/tropicalmed8080418
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CHAPTER 2: Hand hygiene knowledge and practices among domestic Hajj 

pilgrims before the COVID-19 pandemic hit 

The qualitative data synthesis of the burden of airborne infections among Hajj pilgrims from the 

previous review (Publication #1) showed that pilgrims are at risk of acquiring viral and bacterial 

RTIs during the pilgrimage, emphasising the need to implement effective infection control 

methods. Practising HH, along with other non-pharmaceutical interventions, has been used to 

prevent RTIs at Hajj, but there were insufficient studies examining the knowledge and practises of 

HH among Hajj pilgrims, even before the emergence of SARS-CoV-2. 

I conducted a survey (Publication #2) during the 2019 Hajj season to assess domestic Saudi 

pilgrims’ knowledge about HH and reported compliance rates. In this cross-sectional study, the 

data were collected in Mina, Makkah, KSA, using a self-administered questionnaire. The findings 

indicated that pilgrims achieved a moderate level of knowledge about HH. Most pilgrims correctly 

identified that HH prevents RTIs; however, a large proportion of them were unaware that it can 

prevent hand-foot-mouth disease, and many incorrectly reported that it prevents HIV/AIDS. Using 

soap and water was the predominant HH method practised, yet pilgrims showed relatively poor 

HH behaviour following certain high-risk actions such as touching a patient, sneezing, coughing, 

and handshaking.  

                                                
Publication #2: Mahdi H, Alqahtani A, Barasheed O, Alemam A, Alhakami M, Gadah I, et al. Hand 
Hygiene Knowledge and Practices among Domestic Hajj Pilgrims: Implications for Future Mass Gatherings 
Amidst COVID-19. Trop Med Infect Dis. 2020;5(4):160. https://doi.org/10.3390/tropicalmed5040160. 

https://doi.org/10.3390/tropicalmed5040160
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CHAPTER 3: Hand hygiene knowledge, perception, and practices among 

domestic visitors to the Prophet's Mosque amid the COVID-19 pandemic 

A few months following the 2019 Hajj season, COVID-19 was declared a global pandemic. I found 

from the preceding chapter (Publication #2) that although Hajj pilgrims showed an overall good 

knowledge and practice of HH, it was crucially important to address some of the identified key 

gaps at the time of such a global pandemic, especially in settings of MG. Due to the limited 

literature regarding the practice of public health measures among MGs participants in KSA amidst 

the pandemic, I conducted an anonymous survey among visitors to the Prophet’s mosque in Al 

Madinah city corresponding to the last four days of Hajj starting from July 31 to August 3, 2020 

(Publication #3). 

To the best of my knowledge, this was the first survey that explored the HH knowledge, perception, 

and practice of the visitors to the Prophet's Mosque amidst the COVID-19 pandemic. The study 

revealed that the domestic visitors had a moderate level of knowledge about HH, with variable 

levels of knowledge gaps. Even though the pilgrims reported sound practices of HH during the 

COVID-19 outbreak, negligence in compliance that could potentially lead to contracting and 

spreading RTIs persisted. 

  

                                                
Publication #3: Mahdi HA, Assaggaf HM, Alfelali M, Ahmed OB, Alsafi R, Shaban RZ, et al. Hand 
Hygiene Knowledge, Perception, and Practices among Domestic Visitors to the Prophet's Mosque in Al 
Madinah City Amid the COVID-19 Pandemic: A Cross-Sectional Study. Int J Environ Res Public Health. 
2021;18(2):673. https://doi.org/10.3390/ijerph18020673. 

https://doi.org/10.3390/ijerph18020673
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CHAPTER 4: Surveillance of respiratory tract infections and hand hygiene 

among pilgrims who attended the 2021 Hajj season 

As highlighted in the earlier chapter (Publication #3), I found some knowledge gaps and non-

compliance in HH among the visitors, which prompted me to conduct additional research 

involving participants of other religious MGs that entail more prolonged and intense rituals, aiming 

to gain a comprehensive understanding of HH awareness and practices across various stages during 

the pandemic. Hence, I carried out a surveillance study (Publication #4) targeting pilgrims in the 

subsequent Hajj year (2021), following the decision of the Saudi government to lift more COVID-

19 restrictions on the pilgrimage. 

To this end, a prospective cohort study was designed to evaluate pilgrims’ HH behaviour during 

the peak week of Hajj assembly and to estimate the rate of symptomatic viral RTIs among pilgrims. 

A baseline questionnaire was administered to pilgrims, who were then followed up after seven 

days using a questionnaire about the onset of symptoms and their HH practises. This surveillance 

study found that the incidence of syndromic RTIs was lower among Hajj pilgrims compared to 

studies conducted before the pandemic, possibly as a result of COVID-19-related measures. The 

findings did not seem to show improvements in the pilgrims' HH knowledge, although a higher 

level of knowledge was found to be correlated with improved HH practice. Finally, the study did 

not demonstrate a significant effect of practising HH on reducing the rates of RTI during the 

pilgrimage; thus, it was decided to conduct an RCT to provide a more definitive answer. 

  

                                                
Publication #4: Mahdi HA, Rashid H, Qashqari FS, Hariri SH, Marglani OA, Barasheed O, et al. 
Syndromic surveillance of respiratory-tract infections and hand hygiene practice among pilgrims attended 
Hajj in 2021: a cohort study. BMC Infect Dis. 2022;22(1):578. https://doi.org/10.1186/s12879-022-07559-
0. 

https://doi.org/10.1186/s12879-022-07559-0
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CHAPTER 4 (continued) 

In the previous study (Publication #4), I considered the need for a post-Hajj survey to report the 

rate of symptomatic RTIs among returning pilgrims during the COVID-19 pandemic. Previous 

laboratory-based surveillance studies revealed that returning pilgrims from Hajj with RTI 

symptoms had a viral aetiology.20, 27, 92 Therefore, the aim of the following study (Publication #5) 

in this chapter was to estimate the prevalence of symptomatic viral RTIs among domestic Hajj 

pilgrims who returned home after the pilgrimage in 2021 and also to assess the risk of RTIs among 

pilgrims' contacts. 

The study participants were interviewed two weeks after returning to their homes to collect data 

on the onset of RTI symptoms at any time between the conclusion of Hajj rituals and the day of 

recruitment. The survey identified a low prevalence of symptomatic RTIs among returning 

pilgrims, and only a small proportion of them met the syndromic criteria for influenza-like illness 

(ILI) or COVID-19. Nonetheless, the risk of disseminating RTIs among contacts following this 

Islamic pilgrimage is still a concern, as a significant proportion (45.5%) of symptomatic pilgrims 

reported that their close contacts had developed similar symptoms. 

  

                                                
Publication #5: Mahdi HA, Qashqari FS, Hariri SH, Bamerdah S, Altayyar SA, Almalki HM, et al. Low 
Prevalence of Syndromic Respiratory Tract Infections among Returning Hajj Pilgrims Amidst the COVID-
19 Pandemic: A Post-Hajj Survey. Trop Med Infect Dis. 2022;7(8):182. 
https://doi.org/10.3390/tropicalmed7080182. 

https://doi.org/10.3390/tropicalmed7080182
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CHAPTER 5: Feasibility of establishing a large trial among pilgrims amidst a 

pandemic to explore the relationship between practising hand hygiene and 

rates of respiratory tract infections 

One of the main purposes of this research work was to investigate the role of HH in the prevention 

of symptomatic viral RTIs, including COVID-19, in religious MG contexts in KSA. Only limited 

observational studies have reported that the effectiveness of HH interventions against RTIs during 

the Hajj pilgrimage has been either conflicting or inconclusive.80 In fact, no interventional study 

was implemented among Hajj or Umrah pilgrims to examine the role of HH in preventing RTIs, 

specifically during a global pandemic like COVID-19. In light of this, the main objective of this 

chapter was to estimate the relationship between practising HH and rates of RTI among Umrah 

pilgrims amidst the COVID-19 pandemic, in addition to assessing the feasibility of establishing a 

full-scale RCT under such circumstances. 

Between April and July of 2021, I completed a parallel RCT (Publication #6) among domestic 

Umrah pilgrims who were randomly assigned to either the intervention group, who received 

ABHR and instructions, or the control group, who did not receive ABHR. Seven days later, 

pilgrims in both groups were followed to record the occurrence of any RTI symptoms. The primary 

outcome of this pilot RCT suggested that implementing a future large-scale trial in MGs, including 

Umrah, during a pandemic is feasible, but such a study would need to be extremely large given 

the low rates of outcomes found here. Several factors may have confounded the protective effect 

of HH in this trial, including the inadequate sample size as it was designed as a feasibility trial, the 

study design’s dependence on symptomatology which may have overlooked asymptomatic cases, 

the obligatory application of a bundle of COVID-19 interventions during Umrah including 

facemask use, maintaining physical distancing and other measures in addition to HH, and the 
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seasonal variability of influenza activity, alongside other confounding unknown factors.60, 80 6 

Although the preventive effect cannot be demonstrated from this pilot trial, simple HH should still 

be recommended for Hajj and Umrah pilgrims as it may have other benefits and complements 

Muslims’ practice of routine handwashing five times a day before prayers. 

  

                                                
Publication #6: Albutti A, Mahdi HA, Alwashmi AS, Alfelali M, Barasheed O, Barnes EH, et al. The 
relationship between hand hygiene and rates of acute respiratory infections among Umrah pilgrims: A pilot 
randomised controlled trial. J Infect Public Health. 2023. https://doi.org/10.1016/j.jiph.2023.04.003. 

https://doi.org/10.1016/j.jiph.2023.04.003
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CHAPTER 6: A comparison of pilgrims' hand hygiene knowledge, practices, 

and rates of respiratory tract infections during the peak of Umrah and Hajj 

No focused study had been carried out to compare the health behaviours and the frequency of 

symptomatic RTIs among attendees of Hajj and Umrah MGs in KSA, particularly amidst a 

pandemic. To this end, I sought to embark on a comparative analysis of the data presented in 

chapters four and five to describe the differences between Hajj and Umrah pilgrims’ HH 

knowledge and behaviours, along with the rates of syndromic RTIs amidst the COVID-19 

pandemic. 

The datasets for the following comparative study (Publication #7) were retrieved from the two 

previously published studies in the 2021 Hajj and Umrah seasons (Publications #4 and 6), which 

utilised comparable assessment instruments to evaluate the knowledge and practice of HH and 

identical syndromic definitions for RTIs. The results revealed that, despite the fact that Hajj 

pilgrims showed greater knowledge and practices of HH than Umrah pilgrims, they had a higher 

rate of symptomatic RTIs during the pandemic. These discrepancies may have resulted from the 

unique characteristics of these pilgrimages and the distinct risks presented by these MGs. 

  

                                                
Publication #7: Albutti A, Mahdi HA, Alwashmi AS, Shaban RZ, Rashid H. Hand hygiene knowledge and 
practices, and rates of respiratory tract infections between Hajj and Umrah pilgrims: a comparative study. 
Int Marit Health. 2023;74(2):92-7.https://doi.org/10.5603/IMH.2023.0014. 

https://doi.org/10.5603/IMH.2023.0014
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CONCLUSIONS 

The studies conducted and incorporated into this PhD thesis have provided important insights into 

the epidemiology of RTIs and the effectiveness of infection prevention interventions among 

participants in MGs in KSA during the COVID-19 pandemic. Several outcomes were reported 

regarding the burden and epidemiological patterns of RTIs, as well as knowledge, perceptions, and 

practices towards HH and its role in preventing syndromic viral RTIs, including COVID-19. 

Table 3 provides a summary of the key findings from each publication originating from this thesis, 

which inform the following conclusions and critical reflections. 

Table 3. Key findings from each publication within this thesis. 

Publication #1 Epidemiological differences in Hajj-acquired airborne infections in pilgrims 

arriving from low-middle-income versus high-income countries: A systematised review 

Epidemiological patterns of RTIs 

 Pilgrims from HIC and LMIC had viral and bacterial infections.  

 Pilgrims from HIC tended to have higher attack rates for viral infections than those from LMIC.  

 Pilgrims from LMIC seemed to have higher attack rates of certain bacterial infections, such as 

meningococcal infections (0.015–82% in LMIC vs. 0.002–40% in HIC), while those from HIC 

seemed to have higher attack rates of other bacterial infections, such as M. tuberculosis (0.7–

20.3% in LMIC vs. 38% in HIC). 

Publication #2 Hand hygiene knowledge and practices among domestic Hajj pilgrims: 

Implications for future mass gatherings amidst COVID-19 

HH knowledge 

 Moderate knowledge, scoring 6.7 (±1.9) out of 12. 

HH practices 

 Using soap and water was the most frequently practised method, followed by ABHR. 

 Good HH behaviour was reported at certain key actions, such as before and after a meal, after 

toileting, when hands were visibly dirty, and after waste disposal. 

 Poor HH behaviour was reported after other key actions, such as handshakes, sneezing, or 

coughing. 
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Publication #3 Hand hygiene knowledge, perception, and practices among domestic visitors to 

the Prophet's Mosque in Al Madinah city amid the COVID-19 pandemic: A cross-sectional 

study 

HH knowledge 

 Moderate knowledge, scoring 6.4 (±1.35) out of 12, it slightly worsened compared to the 2019 

Hajj study. 

HH perception 

 The majority had a positive perception of the effectiveness of HH methods against RTIs.  

HH practices 

 Using soap and water was the most frequently practised method, followed by ABHR, consistent 

with the previous year’s finding. 

 Good HH behaviour was reported at certain key actions, such as before and after a meal, after 

toileting, when hands were visibly dirty, and after waste disposal. 

 Poor HH behaviour was reported at other key actions, such as after handshakes, sneezing, or 

coughing, consistent with the previous year’s finding. 

 Compliance slightly improved compared to the 2019 Hajj study, particularly after waste disposal 

and touching a patient. 

Publication #4 Syndromic surveillance of respiratory-tract infections and hand hygiene practice 

among pilgrims attended Hajj in 2021: A cohort study 

HH knowledge 

 Moderate knowledge, scoring 4.15 (±1.22) out of 6, with minor improvement compared to the 

previous years’ findings. 

HH perception 

 The majority had a positive perception of the effectiveness of HH methods against RTIs and 

was better than it was in the previous year (2020). 

HH practices 

 Using soap and water was the most frequently practised method, followed by ABHR, consistent 

with the previous years’ findings. 

 Good HH behaviour was reported at almost all key actions. 

Burden of symptomatic RTIs 

 About 5% reported having one or more respiratory symptoms, and 1% met the syndromic 

definitions of either ILI or COVID-19, with cough and sore throat being the most common 

respiratory symptoms. 
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ABHR: alcohol-based hand rub; ARI: acute respiratory infection; HH: hand hygiene; HIC: high-income 
country; ILI: influenza-like illness; LMIC: low and middle-income country; RTI: respiratory tract infection. 

Publication #5 Low prevalence of syndromic respiratory tract infections among returning Hajj 

pilgrims amidst the COVID-19 pandemic: A post-Hajj survey 

Burden of symptomatic RTIs 

 About 2% reported having one or more respiratory symptoms, and 0.2% met the syndromic 

definition of ILI and 0.4% of COVID-19. 

 Lower rates of syndromic RTIs and suspected ILI and COVID-19 compared to the study 

conducted during Hajj. 

 About 45% reported that one or more of their close contacts had developed similar RTI 

symptoms after their home return. 

Publication #6 The relationship between hand hygiene and rates of acute respiratory infections 

among Umrah pilgrims: A pilot randomised controlled trial 

HH practices 

 No significant difference in using the intervention (ABHR) during the study between the groups 

(36% in control vs. 37% in intervention, p = 0.8). 

Burden of symptomatic RTIs 

 About 2% reported having one or more respiratory symptoms, 0.7% met the syndromic 

definition of ILI and 0.4% of COVID-19, with cough and sore throat being the most common 

respiratory symptoms. 

Protectiveness of HH 

 Inconclusive evidence on the protective role of HH against viral ARIs. 

 No significant difference in the proportions of ARIs (OR = 1.1; 95% CI 0.3–4) and ‘possible 

COVID-19’ between the groups (OR = 1.1; 95% CI 0.07–18). 

Publication #7 Hand hygiene knowledge and practices, and rates of respiratory tract infections 

between Hajj and Umrah pilgrims: A comparative study 

HH knowledge 

 Hajj pilgrims had significantly higher knowledge scores than Umrah pilgrims (4.1 vs. 3.7, 

respectively, p <0.001). 

HH practices 

 Significantly more Hajj pilgrims used ABHR than Umrah pilgrims (53% vs. 36%, respectively, 

p <0.001). 

Burden of symptomatic RTIs 

 Hajj pilgrims had significantly higher RTI rates than Umrah pilgrims (5% vs. 2%, respectively, 

p = 0.05). 
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1. Burden and epidemiological patterns of respiratory tract infections 

The systematised review highlights that regardless of their nationality or income status, Hajj 

pilgrims are at risk of RTIs. However, the data from the observational studies that I conducted as 

part of this thesis revealed a significant decrease in the overall prevalence of RTIs among both 

Hajj and Umrah pilgrims during the pandemic years compared to the pre-pandemic period. For 

example, systematic reviews and meta-analyses of Hajj-related studies published prior to the 

pandemic reported that the prevalence of ILI ranged from 8% to 78%, and the overall prevalence 

of laboratory-proven influenza was 5.9 (95% CI 4.3–8.0) among Hajj pilgrims.7, 93 My studies 

revealed that the rate of ILI ranged from 0.7% to 1% among Umrah and Hajj pilgrims, respectively. 

Additionally, the comparative analysis of Hajj and Umrah attendees in 2021 demonstrated a 

significantly lower rate of RTIs among Umrah pilgrims, potentially attributed to smaller crowds 

and reduced exposure.  

Amid global concerns regarding potential COVID-19 outbreaks, the occurrence of suspected 

COVID-19 cases in this research work among Hajj and Umrah pilgrims (1% and 0.4%, 

respectively) was lower compared to the seroprevalence of 11% among the general population of 

KSA but comparable to the incidence in other MGs (e.g., Tokyo Olympics 2020, Beijing Winter 

Olympics 2022).94, 95, 96, 97 Similarly, a retrospective surveillance of the 2021 Hajj found that out 

of 58,428 pilgrims, only 41 were identified as COVID-19-positive.45 Additionally, a surveillance 

study conducted among pilgrims from Egypt returning from Umrah during Ramadan 2022 

revealed an incidence of COVID-19 of 6.7% (67 of 1003 participants testing positive for COVID-

19).46 A retrospective study conducted during the peri-Hajj period of 2022 to estimate viral 

aetiology among patients with RTIs admitted to hospitals in Makkah and Al Madinah found an 

attack rate of COVID-19 of 15%.98 This seemingly higher rate of COVID-19 may be attributable 

to the inclusion of hospitalised citizens and residents living on the Hajj grounds besides Hajj 

pilgrims, who may be exposed to the same risk during MGs, as well as the extended duration of 
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the study encompassing pre-, during, and post-Hajj periods. Additionally, more pilgrims were 

permitted to perform the 2022 Hajj (nearly one million) compared to the previous two years, which 

may have increased the likelihood of transmission of the virus. 

In my studies, I focused solely on syndromic surveillance without virological testing; therefore, a 

definitive attribution of these symptoms to ILI or COVID-19 cannot be made. However, the 

observed symptom pattern closely resembled that of earlier research, with a consistent prevalence 

of clinical symptoms such as sore throat and cough, aligning with findings from previous studies.25, 

99, 100 

The low prevalence of RTIs and COVID-19 among pilgrims amidst the pandemic may have been 

attributed to the effective implementation of strict public health measures by the government of 

KSA.101 Nonetheless, monitoring and assessing the risk of RTI spreading among contacts 

following Hajj remains critical, as a significant number of symptomatic pilgrims (45%) in our 

post-Hajj survey in 2021 reported that their close contacts had developed similar symptoms. 

Implementing a comprehensive set of public health measures, encompassing both pharmaceutical 

and non-pharmaceutical interventions, is essential for containing and reducing the risk of 

transmitting respiratory infections among participants of these Islamic pilgrimages, irrespective of 

their nationality or income status, in both pandemic and non-pandemic scenarios. 
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2. Knowledge, perception, and practices towards hand hygiene 

Our findings revealed persistent gaps in pilgrims' health knowledge and behaviours, indicating 

areas for improvement. Over the period of three consecutive years (2019–2021), participants in 

our studies from various religious MGs showed a moderate level of knowledge regarding HH, with 

only negligible improvement observed during the pandemic despite the extensive COVID-19-

related health campaigns. Such COVID-19 campaigns may have positively influenced perceptions 

about the vital role of HH, as many participants believed in HH methods’ effectiveness against 

respiratory viruses, including SARS-CoV-2. 

Pilgrims consistently showed good compliance with HH practices across the study years and 

settings, with handwashing with soap and water being the most preferred method, followed by the 

use of ABHR. The overall lower uptake of ABHR in relation to soap and water may be influenced 

by Muslims' religious and cultural preferences to avoid products containing alcohol when suitable 

alternatives are available. Additionally, according to the intense religious contemplation and 

seclusion (known as the state of 'Ihram'), fragrant toiletries, such as scented soaps, perfumes, and 

deodorants, are not permitted on a pilgrim's body or clothing. Thus, addressing misconceptions 

and providing guidance about the compatibility of ABHR with religious practices may help 

improve compliance. 

In the pilot HH trial that I led, the compliance rate with ABHR did not significantly differ between 

the study arms (36% in control vs. 37% in intervention, p = 0.8), despite the free provision of 

ABHR products and education to participants in the intervention arm. However, in a pre-pandemic 

RCT among Malaysian Hajj pilgrims in 2013 where participants in the intervention group were 

given health education and ABHR, lower compliance with daily ABHR use was observed in both 

study arms (control = 15% vs. intervention = 11%),102 contrasting with our findings and suggesting 

a possible change in pilgrims’ behaviour due to the pandemic. 
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There was a significant difference in compliance with HH interventions between Hajj and Umrah 

pilgrims, as evidenced in Publication #7. Despite the Umrah study being an RCT exploring the 

impact of HH on RTIs and HH solutions being provided freely to at least half of the participants 

in the intervention arm, fewer Umrah participants compared to Hajj participants complied with 

HH practices, particularly by use of ABHR, possibly due to the higher proportion of Hajj pilgrims 

having tertiary-level education compared to their Umrah counterparts. This finding aligns with a 

previous study that indicated higher education levels positively influenced pilgrims' compliance 

with HH.88 Also, I found in one of my studies that Hajj pilgrims with higher knowledge of HH 

were more likely to engage in frequent handwashing with soap and water, meaning education may 

improve HH uptake. It was evident that delivering health education effectively increases pilgrims' 

awareness and uptake of preventive measures against RTIs.103, 104, 105 But the difference could also 

be due to public health campaigns that are historically more focused on Hajj than Umrah. 

Consequently, it is crucial to maintain robust health promotion programmes for HH and enforce 

stringent recommendations before and during such MG events to improve participants' knowledge 

and practises. 
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3. The protective role of hand hygiene against viral respiratory tract infections 

The pilot RCT included in this thesis was the first interventional study to examine the correlation 

between HH utilisation and RTI rates among pilgrims attending a religious MG in KSA. The pilot 

study successfully demonstrated the feasibility of conducting a future large RCT within the context 

of Umrah, serving as a valuable model for other similar MG settings during pandemic situations. 

Nevertheless, the findings from this investigation yielded inconclusive evidence on the role of HH 

against syndromic RTIs during Umrah (OR = 1.1; [95% CI 0.3–4.0] for intervention relative to 

control). Several factors could have contributed to the lack of an observed relationship: the 

application of multiple COVID-19-related interventions during Umrah, which may have 

confounded the true impact of HH practices; the study's limited sample size, as it was designed as 

a feasibility trial; the participants' poor adherence to the given HH intervention or instructions; and 

the intensive campaigns promoting HH during the pandemic, which may have improved pilgrims' 

awareness of its importance and strengthened their belief in its efficacy against infectious diseases. 

Hence, a fully powered RCT with laboratory-based diagnosis is needed to evaluate the real 

effectiveness of HH interventions to prevent the spread of viral and bacterial respiratory infections 

among attendees of MGs. 

In a recent systematic review of RCTs, the potential benefit of implementing HH interventions in 

reducing the risk of viral RTIs in various community settings, such as households, schools, and 

day care centres, has been demonstrated.60 Nevertheless, the evidence regarding the role of HH in 

preventing RTIs among attendees of MGs remains inconsistent and is primarily based on limited 

observational studies.80 Surveys conducted among pilgrims from the USA in 2009, Malaysia in 

2013, and Australia in 2015 consistently showed that practising HH effectively reduced the 

occurrence of symptomatic RTIs,81, 82, 83 whereas two other studies conducted among French 

pilgrims did not find any significant association.86, 87 Another study observed a paradoxical finding 

that French pilgrims who engaged in frequent handwashing during the 2012 Hajj were more likely 
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to experience fever and respiratory symptoms compared to those with typical handwashing 

habits.84 In contrast, in 2013, the same French team found that participants who used ABHR had 

a lower prevalence of S. pneumoniae in throat swab specimens compared to those who did not use 

ABHR, while participants who reported frequent handwashing with soap only had a non-

significantly lower rate of bacterial detection.85 These conflicting results may be attributed to 

variations in outcome definitions used to measure the effectiveness of HH, differences in the 

modality of HH used, as well as variations in pilgrims’ backgrounds and the study years that often 

vary in terms of respiratory activity. 

With regard to the protectiveness of HH use against COVID-19, our pilot trial did not find any 

significant difference between the randomised study groups during the pandemic. On the other 

hand, several recent studies have demonstrated the protective effects of HH practises against 

confirmed cases of COVID-19 in the general population. For example, one study found that 

frequent HH with soap and water or ABHR was associated with a reduced risk of COVID-19 

transmission,106 whereas another study found that only frequent ABHR use was efficacious.107 

Similarly, washing hands a minimum of five times per day with water and soap has been shown 

to be protective against COVID-19.108 Also, practising HH at key times was identified as an 

independent protective factor against COVID-19, such as following outdoor activities (OR = 

0.021; 95% CI 0.003–0.134) and before touching the mouth and nose (OR = 0.303; 95% CI 0.114–

0.808).58 
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4. Strengths and Limitations 

This thesis represents a pioneering research effort to explore the health of attendees during all 

major religious MG events in KSA during the COVID-19 pandemic. It has several strengths, 

comprising the inclusion of diverse study designs and the unique conduct of the first pilot RCT 

during Umrah. My findings offer valuable evidence for future research in similar MG settings, 

encompassing syndromic data for viral RTI surveillance, assessment of knowledge and adherence 

to HH practices at different stages of a pandemic, and the potential establishment of a model for a 

definitive RCT on the effectiveness of HH and other interventions. This knowledge holds 

significant implications for refining future public health policies, promoting effective health 

education, and implementing robust measures to control infectious diseases among both local and 

international participants of MG events in KSA and similar settings globally. 

However, conducting this research work during the pandemic presented challenges and imposed 

several limitations. Firstly, the study population was limited to domestic pilgrims, which may 

restrict the generalisability of the findings to broader international pilgrim populations and over 

different time periods. The reliance on self-reported data introduced the risk of information and 

recall bias, potentially influencing participants' responses. Additionally, due to COVID-19 

restrictions, only a pilot RCT could be conducted, not a large-scale RCT, and therefore the 

evidence remains inconclusive. However, this crucially important pilot trial paves the way for a 

future large trial. Another limitation was the inability to obtain virological confirmation through 

biological samples, as administrative restrictions hindered the collection process, and I relied on 

syndromic surveillance. Consequently, cases were classified as ‘possible’ rather than confirmed, 

potentially overlooking asymptomatic pilgrims and atypical presentations of emerging COVID-19 

variants and drifted influenza strains. 
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5. Way forward 

Embarking on and completing the proposed large RCT on HH is the best way forward. In the near 

future, one of my main aims as an academic researcher will be to secure funding for a large HH 

RCT that will employ laboratory-based surveillance and involve participants from diverse 

nationalities to assess the efficacy of HH in preventing viral and bacterial infections during Hajj 

and/or Umrah. The COVID-19 pandemic is no longer classified as a global public health 

emergency, and Hajj and Umrah pilgrimages have resumed to pre-pandemic levels. The public 

health challenges of Hajj and Umrah remain as they were before the pandemic. It is therefore 

essential to prioritise future research on the effectiveness of infection prevention and control 

measures in reducing the transmission of all RTIs, not solely COVID-19. With Hajj moving to 

warmer months in recent years, it is important to quantify the frequency of RTIs among pilgrims 

in the summer, measure the compliance of HH and other preventive measures in hot climates, and 

explore if the protectiveness level changes in warmer temperatures. Obviously, COVID-19 has not 

disappeared and remains a disease of public health significance across the globe. Additionally, for 

KSA, MERS-CoV is still a concern, and although no case has been recorded among Hajj pilgrims, 

with COVID-19 still circulating, there is a theoretical risk of emerging more transmissible variants 

of MERS-CoV that may affect Hajj pilgrims. Therefore, it is crucial to investigate the future 

behaviour of pilgrims in terms of adopting and adhering to non-pharmaceutical preventive 

measures beyond the COVID-19 pandemic era. 
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Appendix #7. Baseline questionnaire for publication #4 
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Appendix #8. Follow-up questionnaire for publication #4 



165 
 

  



166 
 

  



167 
 

  



168 
 

  



169 
 

  



170 
 

  



171 
 

  



172 
 

  



173 
 

Appendix #9. Questionnaire for publication #5 
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Appendix #10. Baseline questionnaire for publication #6 
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Appendix #11. Follow-up questionnaire for publication #6 
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