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Executive summary 
 
Background: Influenza and other respiratory viruses may be transmitted from person to 
person by the inhalation of droplets or aerosols containing virus particles and by 
direct/indirect contact with the virus. Although the complete details of factors that affect 
transmissibility of influenza are not yet fully understood, close contact is a consistent 
finding associated with the transmission and spread of the virus and while the relative 
contributions of each of these routes of transmission are not known, droplet spread is 
considered to be the most important. Mass gatherings involve large numbers of people 
gathered together in small geographical areas for a period of time. Based on this 
understanding of how influenza is spread and the conditions that characterise mass 
gatherings, from first principles, these events would seem to provide a good opportunity 
for the rapid transmission of influenza to large numbers of people and its subsequent 
dissemination. By extension, it would seem plausible that banning or regulating such 
gatherings could reduce influenza transmission. However, the implications of banning or 
restricting mass gatherings may be far reaching and coherent policy making in this area 
has been hampered by a lack of scientific evidence in this area.  
 
Restricting mass gatherings is one of a number of social distancing measures that has 
been put suggested should be considered in the event of an influenza pandemic 
occurring, in 2010 the Health Protection Agency (HPA) undertook a scientific review of 
the evidence to determine whether: 
 
(a)  mass gatherings contribute to the transmission of influenza 
 
(b)  restrictions on mass gatherings are effective at reducing or preventing transmission. 
 
The methodology and results of the review were peer reviewed by the XXXX and 
published on the Department of Health website on 22 March 2011.  
 
In light of the large number of publications and the operational experience that have 
emerged since the 2009 pandemic (H1N1 pdm09), the Department of Health 
commissioned the HPA to update this review and several other pandemic influenza topic 
areas.      
 
Methods: An updated systematic review of the published literature to 31 November 
2012 was undertaken (with a restricted time frame of 19 April 2010 to 31 November 
2012). The same inclusion criteria were used and this included randomised controlled 
trials, quasi-experimental studies, observational studies, outbreak reports, and published 
in English, with an outcome of laboratory-confirmed or clinically diagnosed influenza or 
other viral respiratory infections. The search strategy incorporated a wide range of terms 
to reflect the different types of mass gatherings and for this update, the search terms 
were expanded to include maritime mass gathering settings, including civilian and 
military ships. Since terms for ships was not included in the last review, there was no 
restricted timeframe for studies including outbreaks or transmission on ships (through to 
31 November 2012). The list of papers generated by the search was sifted for relevance 
by title, then by abstract and finally by reading the full text to determine whether each 
article fulfilled the inclusion criteria.  Each of the selected papers was summarised and a 
narrative approach was adopted for data synthesis.  As in the previous review, the 
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selected papers underwent a quality assessment process before being included in the 
final review. 
 
Results:  The updated search identified an additional 320 papers (combined total of 
1990 papers) of which 17 new papers or 35 combined papers met the inclusion criteria. 
The papers included one quasi-experimental study, 14 observational studies (9 new), 12 
outbreak reports (6 new), 4 historical outbreak reports (1 new) , and 4 event surveillance 
reports (1 new). There were no relevant randomised controlled trials.   
 
The selected papers covered mass gatherings of varying sizes and settings, including 
events as diverse as an academic conference, games and sports meetings, musical 
festivals, maritime settings and associated with global events such as the Hajj pilgrimage 
highlighting the variation in the way that the term mass gathering is used. 
 
The observational studies and the quasi-experimental study together provided evidence 
that mass gatherings are associated with a risk of influenza transmission, particularly 
within the specialised setting of Hajj. New evidence supports the findings that respiratory 
viruses (including influenza) are transmitted at specialised events such as the Hajj; 
however specific evidence for pandemic influenza does not suggest widespread 
transmission occurs. 
 
Four strands of evidence emerged from the outbreak reports. First, they provided further 
evidence linking mass gatherings with influenza transmission. Second, the evidence 
suggests that crowd density and event duration may be the key characteristics of a mass 
gathering that determine the risk of influenza transmission. There is some new evidence 
that ships provide an example of a specialised setting that may be a risk factor for 
influenza outbreaks, particularly out of season. It is therefore argued that the mass 
gathering definition should be expanded to include civilian and military ships. Third, 
some evidence suggests that mass gatherings can be “seeding” events leading to the 
introduction of new strains of influenza into the host geographical area, or instigating 
community transmission in the early stages of a pandemic. Finally, evidence from the 
historical outbreak analyses suggests that, when implemented in combination with other 
social distancing interventions such as isolation measures and school closures, 
restriction of mass gatherings may significantly help to reduce influenza transmission. It 
was not possible to tease out from the data available any conclusive evidence on the 
individual effect of restriction of mass gatherings. However there was no new evidence 
to support hypotheses that restrictions can be effective at reducing influenza 
transmission in these settings 
 
Surveillance reports from multi-location sports championships (including World Cup 
tournaments, the Winter Olympiad and the Asian Youth Games) provided no evidence of 
significant influenza transmission at such events, and one new study supported this view. 
 
Conclusion: The evidence to help address important public health questions around 
mass gatherings and influenza transmission is sparse, especially in the context of an 
influenza pandemic. This remains the case following the recent update. However, it is 
possible to draw three principal conclusions from the review. Firstly, mass gatherings are 
very varied and the type, size, duration and setting of such events may play a role in the 
risk of influenza transmission. Secondly, there is some evidence that influenza may be 
transmitted at certain kinds of mass gatherings. Thirdly, limited - and mainly historical - 
evidence indicates that restrictions of mass gatherings can reduce transmission when 
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part of a package of other public health interventions including isolation and school 
closures. 
 
In terms of policy implications, it is clear that mass gatherings should not be considered 
as a homogenous group of events; the adoption of a common terminology for describing 
mass gatherings and the development of a hierarchy based on factors such as event 
size, duration, and crowd density may be helpful towards risk assessment and policy 
decision making.  The inclusion of updated evidence to support a new type of setting, 
ships strengthens this argument that certain type of settings should be more carefully 
analysed. While there is little, if any direct evidence, to support banning mass gatherings, 
voluntary rather than legislated restrictions may, if implemented as part of a package of 
other public health measures, be a pragmatic and beneficial approach should the 
severity of a future pandemic warrant extraordinary measures. In addition, the practical 
implications of potential policies aimed at mass gathering restrictions should be carefully 
assessed, including economic and logistical ramifications. 
 
More studies of appropriate design and power are required to generate an improved 
evidence base to support policy making on this subject. It remains the case that studies 
with improved study design are required, especially ensuring that a comparison group 
such as non-exposed individuals are factored into studies to enhance the validity of 
findings.  
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Background 
 
It is generally considered by policy makers, planners and emergency services that mass 
gatherings can be the cause of outbreaks or an increased incidence of various infectious 
diseases.  These views are based on an understanding of the ways that certain 
infectious diseases can be spread and the conditions that are observed at mass 
gathering events and sites. 
 
It is well established that influenza is transmitted from person to person through close 
contact with an infected, symptomatic individual. The exact mechanisms by which 
transmission occurs have not been fully elucidated, but is believed to involve multiple 
routes including large respiratory droplets and direct/indirect contact (1) with secretions 
or fomites.  Aerosol transmission may also occur, but there is considerable controversy 
about this. A body of evidence supporting an important role for aerosol transmission (2) 
was called into question by other investigators holding that aerosols do not play a major 
role (3). This is an ongoing debate and some further evidence of aerosol transmission 
has recently been put forward (4). This is an important dialogue because the mechanism 
of transmission is always a key factor in infection control planning. 
 
While uncertainty persists regarding aerosols, droplet and contact transmission remain 
largely regarded as the most important and likely routes. Transmission through these 
routes clearly requires physical nearness to infected persons, via either direct touch or 
the propulsion of large droplets across a relatively short distance. This requirement 
makes the consideration of mass gatherings a crucial issue. Mass gathering events 
involve large numbers of people congregating in finite geographical areas to share an 
event or experience.  Individuals can be in very close proximity for variable periods of 
time and, if the event is over a number of days, may even share over-crowded and/or 
temporary accommodation.   
 
For those infectious diseases, like influenza, where close contact is the main 
determinant of transmission it therefore appears self evident that mass gathering events 
could lead to the rapid transmission of a new influenza virus.   
 
In the event of an influenza pandemic, minimising transmission of influenza has been a 
priority for public health action.  A variety of non-pharmaceutical public health 
interventions such as quarantine, self isolation of patients, respiratory etiquette and hand 
washing have been advocated to reduce the opportunities for close contact between 
infected and susceptible individuals or the opportunities for the virus to be picked up by 
susceptible people.  Banning or restricting mass gatherings has been seen as a logical 
extension of this policy, however, it is a particular concern of policy makers that the 
scientific evidence upon which to base guidance for mass gatherings is lacking.  This is 
particularly important given the need to weigh any potential benefits against the 
economic and social disruption that banning or restricting mass gathering could have on 
society. 
 
The Department of Health (DH) commissioned the  Health Protection Agency (HPA) to 
undertake an update of the previous systematic review of the evidence base relating to 
the effect or impact that mass gathering restrictions may have during an influenza 
pandemic.  This is an important policy area not only because of the impact such 
restrictions could have on public confidence and morale but also because of the 
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economic and liability issues that such action might generate. The primary purpose of 
the review was to assess the impact of new evidence and to a) identify whether mass 
gathering events facilitate transmission during a pandemic and b) inform statements on 
the effectiveness of interventions that may be deployed to reduce spread of a new 
influenza virus at mass gathering events during a pandemic. The previous DH review 
examined the scientific literature published up until the end of June 2010 and provided 
the evidence base to underpin policies on mass gatherings in the 2011 UK Influenza 
Pandemic Preparedness Strategy. Evidence in this update therefore examines, 
alongside the previous findings, new studies published since June 2010 through to Nov 
2012.  
  
 
Methods 
 
Guidance developed by the HPA, largely based on the University of York’s Centre for 
Reviews and Dissemination guidance for undertaking reviews in healthcare, was 
followed (5).  A scientist (MD) with general knowledge in systematic review techniques 
and influenza epidemiology undertook the primary review work with support from the 
original team (consultant epidemiologist (NP) and a Specialist Registrar in Public Health 
(DI)).   Initial scoping was based on a review written by MZ in 2009 (unpublished). The 
work for the original review commenced in mid-July 2010 and was completed in mid-
October 2010. The work of updating the review started mid-Nov 2012 and a draft was 
available by the end of February 2013 for review by members of the SAGE.  The final 
document was submitted to the Department of Health XXXX 
 
Both MD and DI reviewed the previous questions and agreed they would be suitable for 
the update. Consequently there was no change to the questions addressed:   
 
• Is there an association between mass gatherings and influenza outbreaks or spread?  
• Are there any particular characteristics (such as size or duration) of mass gatherings 

that influence transmission of influenza? 
• Does the restriction of mass gatherings reduce the spread of influenza within the 

community (compared with no restriction or with other interventions)? 
 
Inclusion criteria (Figure 1) 
The following types of studies were included in the review:  

• Randomised controlled trial  
• Quasi-experimental study  

− Non-randomised controlled study  
− Before-and-after study 

• Observational study 
− Cohort study 
− Case-control study 

• Outbreak reports 
− Outbreak/cluster reports 
− Historical archival outbreak analyses 

• Surveillance reports 
− Major event infection surveillance reports 
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The list above is largely in hierarchical order of study design quality (5), but with an 
added element as outbreak and surveillance reports are not traditionally included in such 
lists, but these two types of studies are important for the particular topic of this review.  
 
Only studies published in English and which had an abstract were included, but WHO 
papers or Eurosurveillance articles with relevant titles were also considered even if they 
had no abstracts.  Only studies in humans were considered directly relevant for the 
review. Relevant systematic and narrative reviews and operational description papers 
were utilised for useful background information. The reference lists of the systematic 
reviews and other key review papers were scanned to identify potentially relevant 
primary studies that could be considered for inclusion in the review.  Case reports, 
mathematical modelling and human/non-human experimental laboratory studies were 
excluded from the review. 
Outcome measures were the development of laboratory-confirmed influenza infection 
(i.e. documented by virus isolation, molecular testing such as polymerase chain reaction 
and serological studies). Clinical influenza-like illness as defined by the investigators was 
also included although these are less specific. 

 
 
Search strategy 
The search strategy focused on primary studies taking into account the issues detailed 
above. The term ‘influenza’ rather than ‘pandemic influenza’ was used to reflect the 
entire spectrum of influenza (i.e. zoonotic, seasonal and pandemic) for which guidance 
would be relevant.  The transmission of respiratory viruses other than influenza was also 
included because of the similarity of transmission and therefore the potential applicability 
of any results to influenza.  
 

Figure 1.  Summary of criteria for the review 
 
Inclusion criteria  

• Type of study: observational studies, cross-sectional studies, 
outbreak/cluster reports, surveillance reports, quasi-experimental, 
RCT 

• Participants: humans 
• Setting: community 
• Language: English only 
• Abstract: available 
• Outcome: laboratory-confirmed or clinically diagnosed influenza, 

influenza-like illness (ILI), or other viral respiratory infections in 
individuals; or population levels of influenza, ILI, or other viral 
respiratory infections 

 
Exclusion criteria   

• Type of study: case report, mathematical modelling and 
human/non-human experimental laboratory studies 

• Participants: animals 
• Setting: laboratory 
• Language: non-English  
• Abstract: not available  
• Outcome: bacterial infections 
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The term mass gathering on its own proved inadequate as a search term as there is no 
clearly accepted definition of what constitutes a mass gathering.  Therefore a range of 
additional terms were used, such as public gatherings, social gatherings, large crowds, 
mass events, festival, Olympics, Hajj, sport championships etc. As a key part of this 
update, civilian ships (both cruise and cargo) and military ships were included in the 
search strategy. To define a ship under the mass gathering definition, the population on-
board (both combined passengers and crew for cruise/cargo ships or crew for military 
ships) needed to be above 1000 and the cruise duration exceeding one day. The full 
updated list of search terms is shown in appendix 2. 
 
A PubMed search was conducted on 07 December 2012 with no time period restrictions. 
This was an update of the previous review; therefore new literature between the period 
19 April 2010 (original review conducted on 19 July 2010 - this allowed a 3 month 
overlap) to 31 November 2012 was assessed. For cruise ships, any previous literature to 
31 November 2012 was included. All previous and updated literature has been included 
in this review. Appendix 1 details the global search terms used for searching the 
PubMed database. In addition, the following databases were searched: Scopus, 
Excerpta Medica Database (EMBASE), and the Cumulative Index to Nursing and Allied 
Health Literature (CINAHL).  Appendix 2 details the terms used for these searches. 
 
Other sources 
In addition to the search results, the reference lists of papers identified from the search 
were scanned for other potentially relevant studies.  Efforts were also made to identify 
studies other than those published in the peer-reviewed literature (including any relevant 
systematic reviews or key review articles) and relevant literature findings from the 
parallel Pandemic Influenza reviews updates (Routes of Transmission of the Influenza 
Virus and the use of facemasks and respirators during a pandemic).  
 
Study selection and data extraction  
As with the previous review the study selection was conducted in stages.  Primary 
screening and decisions on inclusion of papers was conducted by MD based on a global 
search in databases and screened on the basis of relevance of the title. . The abstracts 
of the remaining papers were then reviewed to identify studies that appeared to meet the 
inclusion criteria. In addition, some papers that did not meet the inclusion criteria (e.g. 
operational descriptions of interventions, commentaries, or editorial reviews of influenza 
transmission or pandemic influenza) were selected to provide relevant background or 
supplemental information. The full text of all these articles was then sought.      
 
Data from the selected papers was extracted using a pre-designed form (Appendix 3). 
Data elements included publication information, study characteristics, participant 
characteristics, the intervention (if any) and setting and outcome measures. The data 
extracted was used to determine the eligibility of each paper for inclusion in the review. 
At this stage DI performed a secondary examination of the completed form with 
extracted data to independently assess whether papers met the inclusion criteria. MD 
and DI then agreed a final list of papers for inclusion into the systematic review. Once 
papers had been identified as meeting the inclusion criteria, data extraction focussed on 
capturing results and statistical precisions of the results from each study at the full paper 
review stage.  The results section describes the number of papers identified at each 
stage. 
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Quality assessment 
At the outset, a strategy was developed to assess the quality of eligible studies using the 
Critical Appraisal Skills Programme (CASP) tools as appropriate for each type of study 
(6). However, after completion of the literature search, it was clear that the types of 
studies (i.e. cross sectional studies, outbreak and surveillance reports) identified were 
not suitable for assessment by the CASP tools. Therefore as utilised in the previous DH 
report, a modified approach was adopted, as detailed in Table 3. Each paper was 
categorised into low or high risk for bias. The grading was assessed based on the 
presence of significant methodological limitations. A high risk of bias was attributed to 
papers with at least two significant methodological problems as identified by the review 
authors.  
 
Data synthesis 
The data synthesis was restricted to a narrative approach that included an analysis of 
the relationships within and between studies and an overall assessment of the 
robustness of the evidence and limitations of both the studies and the evidence review 
(5).  In addition, the synthesis considered the implications for policy and guidance 
development as well as future research.   
 
 
Results 
 
The previous DH review identified 1670 papers to June 2010. The updated search with 
the restricted timeframe, identified an extra 320 papers, yielding a combined total of 
1990 papers (Figure 2). On the basis of title relevance 1821 papers (248 new papers) 
were excluded.  Abstracts for the remaining 169 papers (72 new abstracts) were 
reviewed and a further 90 (40 new abstracts) were eliminated. 8 papers (2 new papers) 
were identified from scanning the reference list of review papers and 3 papers retrieved 
from MZ and NP’s hardcopy files.  
 
A total of 90 full papers were reviewed and summarised, including 34 new papers.  Table 
1 provides a classification of the 90 papers that were read in full text. 
 
After full text review, 35 papers were classified as meeting the inclusion criteria 
(including 17 new papers). These included a quasi-experimental study (a non-
randomised trial) (7), fourteen observational studies (8-21) including 6 new papers (8-11, 
14, 15, 19-21), twelve outbreak reports (22-33) including 6 new papers (28-33), four 
historical outbreak archive analyses (34-37) including 1 new paper (37), and four event 
surveillance reports (38-41) including 1 new paper (41). Details for each of these studies 
are summarised in Table 2.  
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Figure 2.  Diagram of search strategy results and article selection (new papers) 
 

 
  

Full papers sought for 
review 

n=90 (34) 

Excluded on basis 
of title 

n=1821 (248) 
 

Excluded on basis of 
abstract  
n=90 (40) 

Identified by scanning 
reference lists of 

review papers 
n=8 (2) 

 
Identified by hand-
search of hardcopy 
files n=3 

Excluded for not meeting 
inclusion criteria 

n=55 (17) 
•  21 (5) reviews or  

commentaries 
•  2 (1) unable to obtain 
• 32 (11) other 

 

Papers meeting inclusion 
criteria 

n=35 (17)  

 
Papers included in the  

systematic review  
n=35 (17) 

•  1 quasi-experimental  
•  14 (9) observational 

studies 
•  12 (6) outbreak reports 
•  4 (1) historical outbreak 

analyses 
•  4 (1) event surveillance 

reports 
 

Excluded for quality  
n = 0 

Titles and abstracts 
identified and screened 

(new papers) 
n=1990 (320) 
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Table 1. Results for 90 papers read in full, by type of paper 
 
 
Classification  

Total number 
of papers 

(new papers) 

Number 
included in 
the review 

(new papers) 
Quasi-experimental study (non-randomised trial) 2  1 
Observational study 21 (11) 14 (9) 
Outbreak report 17 (10) 12 (6) 
Historical outbreak archival data study 8 (1) 4 (1) 
Event surveillance report 13 (7) 4 (1) 
Systematic review 4 (1) 0  
Narrative review 10 (4) 0 
Editorial/commentary/statement/opinion  7  0 
Background/operational/supplemental information 8 0 
Total 90 (34) 35 (17) 

 
 
The following section breaks down the evidence base by type of study (new studies are 
indicated by *). A full analysis of the new findings and impact on the pre-existing 
evidence base is detailed in the discussion section.  
 
Quasi-experimental study 
One quasi-experimental study by Qureshi et al 2000 (7) attempted to investigate the 
incidence of vaccine preventable influenza-like illness among Pakistani pilgrims to the 
Hajj religious gathering in 1999.  The Hajj is an annual religious event that takes place 
over a number of days in a very small geographic area of Saudi Arabia. It usually 
involves two to three million pilgrims from all over the world.  Accommodation is at a 
premium during this event and many pilgrims stay in tents specifically erected for the 
event and that are often over-crowded. Although primarily a vaccine efficacy study the 
study reported rates of influenza-like illness in vaccinated pilgrims of 36% compared to 
62% in non-vaccinated pilgrims.  However, these results were based on clinical 
endpoints without microbiologic confirmation, a non-randomised design was used and 
the study was not designed to address the primary question of this review.  
 
Observational studies  
Thirteen observational studies (8-20) attempted to estimate the risk of acute respiratory 
illness and/or influenza-like illness associated with the Hajj pilgrimage by attempting to 
measure its occurrence in pilgrims, while one observational study assessed influenza 
prevalence and risk-factors within a maritime setting (21*).  Seven of these studies 
confirmed the cause of illness by laboratory testing (8-11, 13-15), while the other seven 
relied on specified symptom complexes as surrogate indicators (12, 16-21).  
 
There were eight relatively small cross-sectional studies. Ziyaeyan et al (8*) examined 
returning pilgrims in Southern Iran during the 2009 Hajj and documented 10.5% of cases 
with fever, sore throat and cough (meeting the criteria for ILI). 1.6% cases had a positive 
RT-PCR result for 2009 pandemic influenza (H1N1 pdm09) while a further 2.6% cases 
had other influenza A viruses. A Similarly low prevalence of lab-confirmed influenza was 
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detected in returning Egyptian pilgrims at both airport and passenger ship port sites 
following the 2009 Hajj - only 1.0% tested positive for influenza A H3N2 (9*).  
 
In two cross-sectional studies conducted by Memish et al (10*, 11*) during the 2009 Hajj, 
influenza was either detected in very low numbers amongst pilgrims (0.2%) (10) or not 
detected at all amongst health-care workers (11) where 52.4% of respondents reported 
respiratory symptoms. Both of these studies used multiplex PCR to examine the 
distribution of a range of viruses; in (10) Memish et al examined the distribution of 
respiratory viruses both before and after in different pilgrim samples, demonstrating that 
the prevalence of viruses did not significantly alter after the pilgrimage. Both studies (10, 
11) identified rhinovirus as the most prevalent virus, accounting for 12.9% (10) and 
12.6% (11).  
 
This relatively low level of infection contrasts with the findings of the cross-sectional 
study by Deris et al (12) that used syndromic influenza-like illness rather than laboratory-
confirmed infection. They found an influenza-like illness prevalence of 40.1% in 
Malaysian pilgrims completing the Hajj.  Several studies utilizing lab-confirmed infection 
also indicated higher influenza prevalence’s during the Hajj.  Rashid et al (13) assessed 
the burden of laboratory-confirmed influenza and respiratory syncytial virus (RSV) 
infections in symptomatic British Hajj pilgrims. Of 202 pilgrims who underwent nasal 
swab testing, 28 (about 14%) had confirmed influenza (mostly type A), while only 9 (4%) 
had RSV infection. In a further study conducted by Rashid et al (14*), lab-confirmed 
influenza A prevalence in UK pilgrims followed at two consecutive Hajj events (2004 and 
2005) reported an overall prevalence of 10.6% across the two events. Alborzi et al (15*) 
also identifies influenza (combined types A & B) prevalence of 9.8% amongst returning 
Iranian pilgrims. This study also highlighted that 76.5% of pilgrims developed acute 
respiratory illness within the first two weeks of Hajj.  
Five of the observational studies were described by their respective authors as 
“prospective cohort” studies- all with a similar study design. However, none of them had 
an unexposed (non-Hajj attending) group for comparison, indicating that they should be 
more accurately regarded as “before and after” studies. Choudhry et al (16) assessed 
Saudi residents (attending the Hajj from a different part of the country) and found an 
incidence of influenza-like illness at approximately 40%.  Two studies of French pilgrims 
by Gautret et al (17, 18) found rates of acute respiratory illness of 25.9% and 51% 
respectively. In a third study by Gautret (19*) at Hajj taking place during the 2009 
influenza pandemic, influenza-like-illness incidence was reported at 8.0% in a cohort of 
French pilgrims. Balaban et al (20*) similarly followed US pilgrims during the pandemic 
to the 2009 Hajj; identifying 23.7% self-reported ILI incidence and 41.3% respiratory 
illness incidence. 
 
As part of this update, we also included military or civilian ships with a population 
exceeding 1000 on a multi-day cruise. One observational study by Brotherton et al (21*) 
captured a dual outbreak of influenza A and B. As part of the outbreak investigation, the 
team conducted both a case-control study with suspected cases (later to be lab-
confirmed) attending the ships infirmary and a cohort study to cover the entire cruise 
population; with possible or probable cases based on clinical definitions. A total of 40 
lab-confirmed influenza A and 7 Influenza B cases were captured; in the case control 
study it was recognised that the age groups 40-64 were most likely to have influenza, a 
significant association, and the cohort analysis highlighted that amongst returned 
questionnaires, 37% of passengers met the criteria for influenza-like-illness.  
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Outbreak reports 
There were four types of outbreaks in the reports that we reviewed. The first of those 
was a paper by Pang et al (22) that described the experience of dealing with the SARS 
outbreak of 2003 in Beijing and attempted to evaluate the control measures that were 
deployed.  However, there was no reliable indication of the impact of mass gatherings 
restrictions on controlling the outbreak as mass gatherings was grouped together with a 
number of measures loosely described as social distancing.  
 
The next group consists of four reports of influenza outbreaks occurring at a religious 
event in Australia and at three large open-air music festivals in Europe.  All of the events 
lasted several days and involved crowds ranging from 100,000 to 400,000 people.  It is 
particularly relevant that all of the music festivals occurred during the 2009 influenza 
pandemic – two at the beginning and one later in the pandemic.  
 
The report by Blyth et al (23) described an outbreak of influenza at a large, five day, 
religious event in Australia during July 2008 and attended by over 400,000 participants 
from 170 countries. Over 100,000 of the pilgrims were accommodated in a variety of 
make-shift, over-crowded venues such as sports halls, community centres and schools.   
One hundred laboratory confirmed cases of influenza were identified in attendees.  
Seven different strains of influenza were identified (four influenza A and three influenza 
B); highlighting the potential for the introduction of novel influenza strains.   
 
Loncarevic et al (24) described an outbreak of influenza at a four day, music festival in 
Serbia during July 2009 involving over 190,000 participants, with a number coming from 
other European countries.  Many of the participants stayed at a large campsite where 
over-crowding was an issue.  Sixty two laboratory confirmed cases of H1N1pdm09 were 
identified; some of these were in secondary cases.  Although the virus was already 
present in Serbia at the time of the festival, the sudden increase in cases, in particular 
the secondary cases associated with the festival, suggests possible local spread. The 
authors also reported on a small outbreak of influenza at an international sporting event 
held in Serbia in July over 12 days and attended by over 500,000 spectators.  Seven 
confirmed cases of H1N1 pdm09 were identified in six athletes and a volunteer helping 
at the Games. Although a much larger event the numbers affected are considerably 
smaller and seem to be restricted to participants rather than those attending. 
 
Gutierrez et al (25) described a four day, music festival in Belgium during early July 2009 
attended by an estimated 120,000 people from all over Europe.  Twelve laboratory 
confirmed cases of H1N1 pdm09 were identified.  Although sporadic cases of H1N1 
(2009) had been detected in Belgium prior to the festival, an increase in cases was 
observed after the event and the decision to shift to mitigation was taken almost a week 
after the first festival associated cases were identified.  The authors suggest that this 
festival highlights the potential seeding role for these events in the early stages of a 
pandemic. 
 
Botelho-Nevers et al (26) depict an outbreak of influenza at a seven day music festival in 
Hungary during August 2009 attended by 390,000 people from all over Europe.  Many of 
the participants were located on a campsite set up for the festival.  Eight laboratory, 
confirmed cases of H1N1 pdm09 were identified. Cases of pandemic influenza had 
already been identified in Hungary and at the time the community influenza-like illness 
rate was 7.8 per 100,000 against an estimated 3.6 per100, 000 at the music festival.    
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The third type of outbreak report was that described by Saenz et al (27) of a large, 
international medical conference held in Iran during September 1968 at the early stages 
of the 1968/69 pandemic.  The conference was over seven days and was attended by 
over a thousand participants from all over the world.  It was estimated that about a third 
of the participants developed an influenza-like illness with an overall attack rate of 36%. 
Where virus was isolated from throat and nasal washings this was found to be the 
A/Hong Kong/68 virus.  There was evidence that close contacts of those returning from 
home were also affected but none of the episodes led to a rapidly expanding focus of 
infection. The high attack rate raises the question of whether the indoor setting may 
represent a particularly high risk. 
 
The final type of outbreak report included six studies within maritime settings in either 
civilian or military ships. Miller et al (28*) described an outbreak of lab-confirmed 
influenza on three consecutive North American cruises between 31st August and 30 
September 1997. 17% of passengers and 19% of crew developed self-reported acute 
respiratory illness during the second cruise (following self-administered surveys to all 
crew and passengers). The authors also noted a higher proportion of elderly individuals 
on board the ship during each cruise.  
 
An outbreak of influenza B Christensen et al (29*) on a Northern European cruise 
reported acute respiratory illness in 13% of crew members (through active surveillance) 
and 4% of passengers (through medical visitation to the ships infirmary) with an overall 
influenza-like-illness calculated as 3.85%. 
 
Ward et al (30*) conducted a complex outbreak investigation onboard two Australian 
cruises during May 2009 and reported results from the initial ten day cruise. All 
symptomatic cases were tested which in turn identified 3.0% of the ships population 
infected with H1N1 pdm09, 3.6% with H3N2 and 0.1% with both, and a more focused 
epidemiological investigation in the ships childcare centre (where it was believed the 
outbreak originated) showed that the risk for pandemic influenza was significantly higher 
(19 cases from 344 sessions attended by susceptible children with a 95% CI 0.033-
0.086) against the risk of seasonal influenza (3 cases from 279 sessions with a 95% CI 
0.002-0.031), with children also identified as the most susceptible age group for H1N1 
pdm09. Four subsequent cases were discovered as epidemiologically linked to 
passengers but there was no evidence of sustained community transmission.  
 
Another outbreak investigation onboard a trans-Tasman cruise (31*) reported that 8.0% 
of passengers and 4.1% of crew attended for upper-respiratory tract infection (utilizing 
data from the end-of-cruise medical log), and influenza A was identified in a small subset 
of samples analysed later.   
 
The final passenger-ship outbreak report detailed an investigation on a summer-time 
Mediterranean cruise (32*), reporting 5.5% of loosely defined ‘respiratory symptoms’ 
amongst passengers (later confirmed as H3N2 influenza A in 20/29 lab-analyzed 
samples).                                                             
 
One military ship study Dill & Fevata (33*) captured an outbreak on-board a ship with 
1100 crew following identification of 3 index cases at the 2009 fleet-week 
demonstrations in New York City. During the subsequent 17 day military tour, 135 new 
influenza-like-illness cases were reported, with a secondary infectivity rate of 12%.   
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Historical outbreak analyses 
Inevitably for a subject of research such as mass gathering restrictions, where 
prospective studies present serious practical challenges, researchers have sought to 
utilise historical data to try to draw out major lessons for current impact. This updated 
review included four historical analyses which all focus on the non-pharmaceutical 
responses to the 1918-1919 influenza pandemic, an additional report of pandemic 
influenza on a military ship was identified.  
 
Markel et al (34) examined the way that a variety of non pharmaceutical interventions 
were deployed in 43 cities across the US during the 1918-19 influenza pandemic.  The 
combination of school closure and concurrent public gathering bans was implemented in 
34 (79%) of the 43 cities and was the commonest combination of measures deployed.  
This combination applied early in the pandemic was significantly associated with 
reductions in the weekly excess death rates.  Hatchett et al (35) undertook a similar 
analysis on a smaller number of cities in the US where the timing of 19 different types of 
non-pharmaceutical interventions was available.  They found that the early application of 
multiple interventions showed a trend towards lower cumulative excess mortality but that 
no single intervention showed an association with improved aggregate outcomes for the 
pandemic.  Both studies suggested that for non-pharmaceutical interventions to be 
beneficial they should be applied early and in a sustained manner.  
 
A further review of the US public health response to the 1918 pandemic by Aimone (36) 
gave conflicting results. This review examined the public health response in New York 
City.  In New York during the 1918 pandemic mass gatherings were not prohibited nor 
were schools closed, instead the city opted for a policy of staggered business hours to 
avoid rush hour crowding, enhanced surveillance so that cases were quickly identified 
and isolated and an intensive programme of health education.  The reported outcome 
measures for New York City were comparable to those seen in other US cities and New 
York City experienced one of the lowest excess death rates on the eastern seaboard of 
the United States. 
 
Summers et al (37*) analysed historical data from an outbreak of 1918 pandemic 
influenza on-board a military transport ship (the HMNZT Tahiti) during August and 
September 1918. The ship was sailing between Sierra Leone and the UK when the 
outbreak occurred. Using multiple data sources, the authors estimated that over 1000 of 
the on board population of 1217 were symptomatic, with an overall mortality rate of 
almost 7% and estimated cumulative incidence of over 90%. An analysis of risk factors 
indicated that a higher mortality rate was associated with persons in cabins with bunks 
(with poor ventilation and severe over-crowding) in comparison to less crowded areas 
where hammocks were used for sleeping. 
 
 
Event surveillance reports 
Surveillance reports from four major sporting events within the last decade were 
considered suitable for review (38-41), an additional paper related to the 1998 World 
Cup event in France was identified. The study by Gundlapalli et al (38) reported the 
experience of influenza surveillance during the Winter Olympiad at Salt Lake City in 
2002.  No indication of the numbers attending was given but it is assumed that the 
numbers were large.  Twenty eight cases of confirmed influenza from three clusters of 
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influenza-like illness were identified and these were restricted to either participants in the 
Games or support staff for the Games.  The clusters consisted of 12 members of a 
national team who trained and lived together, eight participants of a sport and 13 law 
enforcement officers who worked and lived in close proximity.   
 
Lim et al (39) reported on the experience of managing the Asian Youth Games at 
Singapore in June, 2009.  These games involved over 2,000 athletes and officials from 
43 countries.  Although numbers of spectators are not given it is assumed that the 
crowds would have been large.  At the start of the Games Singapore had already 
reported 600 confirmed cases of H1N1 pdm09.  Six laboratory confirmed cases of H1N1 
pdm09 were identified during the eight days of the event – four in one football team.  No 
information on the numbers of confirmed H1N1 pdm09 in the population after the Games 
was available. 
 
Schenkel et al (40) reporting on the experience of syndromic surveillance during the 
FIFA World Cup in Germany during June/July 2006.  At this time Germany was 
experiencing a very large outbreak of measles.  Measles is essentially spread by the 
respiratory route and is highly infectious.  However, despite enhanced daily surveillance, 
no outbreaks of respiratory disease or measles associated with the World Cup were 
detected.    
 
A final surveillance study by Hanslik et al (41*) examined general community health in 
host cities during the 1998 World Cup held in France. Over the total 66 day period, which 
included a reference period of two-weeks prior to the World Cup, physicians reported 
558,829 medical encounters registered on the surveillance network. Influenza-like-illness 
was a syndrome captured on the system and did not exceed epidemic threshold levels 
nor exceed incidence during the event in comparison to the reference period.  
 
                          . 
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Table 2. Synopsis of studies included in the final review (new studies indicated by*) 
 
A. Quasi-experimental study 
Investigator 
(Reference no.) 

Study design and participants Reported results  Comments 

Qureshi et al.  
2000 (7) 

Controlled, non-randomised, open-label (non-blinded) 
influenza vaccine trial. Vaxigrip (Aventis –Pasteur) 
was used as a “vaccine probe” to investigate the 
incidence of vaccine-preventable influenza-like illness 
(ILI) among Pakistani pilgrims to the Hajj religious 
gathering in 1999. There were 2070 participants 
spread across five groups of pilgrims (1120 vaccine 
group; 950 control group) 
 
Participants followed up to record ILI symptoms using 
daily health status report forms and clinic report forms 
for those referred to local hospitals during Hajj 
 

ILI attack rate: Vaccine group 
36%; control 62%.  
 
Vaccine efficacy 38% 
 
Vaccine preventable ILI incidence 
of 22/100 control participants 

Limitations include 
- the non-randomised design 
- underpowered as 

recruitment fell slightly short 
of estimated sample size 

- difficult presentation style; 
lack of flow-chart to clearly 
show the progression of 
participants through the trial 
process 

 

 
 
B. Observational studies 
Investigator 
(Reference no.) 

Study design and participants Reported results  Comments 

Deris et al 2010 
(12) 
 
 

A relatively small (n = 387) cross-sectional study of 
Malaysian pilgrims who had just completed the Hajj. 
Participants were recruited at the post-Hajj transit 
centre for returning pilgrims. Occurrence of 
respiratory symptoms was elicited by questionnaire 
 

Almost all participants had at least 
one respiratory symptom (cough 
91.5%). The prevalence of ILI was 
40.1%, even though 72% 
received influenza vaccination 
before the trip. 
 

Limitations include: 
- Small study – uncertain how 

representative of the 
Malaysian pilgrims.  

- Participant recruitment site 
was not ideal.  

- Influenza diagnosis was 
subjective.  

- There was no unexposed 
suitable control group for 
prevalence comparison.  

- It is unclear whether the 
study attempted to measure 
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point prevalence of ILI at the 
time of study, or ILI 
incidence during the Hajj 
period.  

  
Rashid et al (13) 
 

A cross-sectional study estimating the incidence of 
laboratory confirmed influenza and RSV infection in 
British Hajj 2005 pilgrims who developed URTI 
symptoms. The study also compared a rapid point-of-
care diagnostic technique with definitive PCR testing. 
Participants were recruited (a) among pilgrims 
presenting at designated British Hajj clinics with URTI 
symptoms (b) by visiting several groups of pilgrims in 
their camps and inviting those with symptoms to 
participate. Symptoms were documented by 
questionnaire and clinical examination; and nasal 
swabs taken. 
 
 

202 URTI symptomatic persons 
were tested. 28 (14%) had PCR 
confirmed influenza (20 with AH3 
strain; 7 with B strain, and 1 with 
AH1). All presented 4 days or 
more after reaching the Hajj, 
suggesting infection during the 
event. Influenza vaccination was 
not significantly protective.  9 
other persons had RSV infection. 
There were no complications 
found on follow-up checks 12 
weeks after the Hajj 

The use of laboratory 
confirmation was a strength of 
the study. 
Limitations include: 
- sampling was restricted to 

only a small proportion of 
pilgrims; may not be 
representative of the 25,000 
British Hajj pilgrims for that 
year 

- Lack of a suitable (non-Hajj 
attending) control group to 
compare influenza 
occurrence 

 
Choudhry et al, 
2006 (16) 
 
 
 
 

Prospective cohort study of ARI incidence among 
Riyadh residents attending the 2002 Hajj in Mecca, 
Saudi Arabia. Pre-Hajj questionnaire administered at 
recruitment at travel vaccine clinics. Post-Hajj 
telephone interviews were used to collect data on ARI 
incidence  

Of 1027 participants, 39.8% 
developed ARI during or within 2 
weeks of Hajj. Older subjects and 
those with underlying disease 
(diabetes) were more at risk. Stay 
at Hajj area for 5 days or more 
was associated with increased 
risk of ARI. 
 

Limitations include: 
- Lack of control group to 

compare ARI in people not 
exposed to Hajj event 

- Lack of information on the 
background influenza or ILI 
activity in Saudi Arabia at the 
time 

Gautret, Yong, et 
al, 2009 (17) 

Prospective cohort study of French pilgrims to 2006 
Hajj, assessing influence of statin on febrile cough 
incidence. 580 subjects were recruited at pre-travel 
clinic facility. 10.3% were taking statin for hyper-
cholesterolaemia. 34.3% had influenza vaccine. 43% 
had an underlying chronic disease. A post-Hajj 
questionnaire was used to collect data on health 
problems faced during the trip. 

447 participants responded. High 
attack rate of cough episodes 
(60.6% overall). In all, 13.9% had 
both cough and fever. Neither 
influenza vaccine nor statin use 
were protective.  

Limitations include: 
- Lack of control group to 

compare ARI in people not 
exposed to Hajj event 

- Lack of information on the 
background influenza or ILI 
activity 

- Actual Hajj dates not given, 
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 reducing the utility of the 
provided “epidemic curve” of 
fever and cough 

 
Gautret, Soula, 
et al, 2009 (18) 

Prospective cohort study of travel-associated health 
problems in French pilgrims to 2007 Hajj. 545 
subjects were recruited at pre-travel clinic facility. All 
had influenza vaccine. A post-Hajj questionnaire was 
used to collect data on health problems faced during 
the trip. 

462 participants responded. 
58.9% had at least one health 
problem. 2.8% were hospitalized. 
Cough was the commonest 
symptom overall (51%) – about a 
fifth of these (overall 9%) had 
fever and cough; the risk of this 
increased with age. 

Limitations:  
- A fairly small number of 

subjects 
- All recruited from a single 

clinic 
- Lack of a control group to 

compare ARI in people not 
exposed to Hajj event 

 
Ziyaeyan et al, 
2012 (8)* 

Cross-sectional study of pilgrims arriving back at an 
airport in southern Iran following the 2009 Hajj. 305 
subjects were recruited at airport arrival terminal from 
8-11 December 2009. A post-Hajj questionnaire was 
administered to collect data on health problems and 
throat and nose samples were collected for PCR 
analysis. 

10.5% of cases had a fever, sore 
throat and cough (matching ILI 
definition). 97.7% had 2009-10 
seasonal influenza vaccination. 
Following lab analysis, 1.6% of 
cases had a positive result for 
H1N1 pdm09 and 2.6% for other 
influenza A virus 

The use of laboratory 
confirmation was a strength of 
the study. 
Limitations: 
- May have missed individuals 

that were infected and 
recovered during 30 day Hajj 
period through RT-PCR 
(active infection) 

- Small sample size 
- Lack of a suitable (non-Hajj 

attending) control group to 
compare influenza 
occurrence 

- Only sampled pilgrims 
arriving by air- different to 
pilgrims arriving by other 
transport means? 

Memish et al, 
2011 (10)* 

Two separate cross sectional surveys were 
conducted at King Abdulaziz airport in Saudi Arabia 
(main airport used during the 2009 Hajj. A random 
sample was selected each time- a total of 519 arriving 
pilgrims and 2768 departing pilgrims completed a 
survey and provided samples for lab analysis.  

Overall prevalence of any 
respiratory virus detected was 
14.5% with 12.5% in arriving 
pilgrims and 14.8% in departing 
pilgrims. The main virus detected 
in both arriving and departing 

The use of laboratory 
confirmation was a strength of 
the study. 
Limitations: 
- Recruitment methodology 

not clearly defined at airport- 
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pilgrims was rhinovirus. Influenza 
A virus was only detected in 8 
samples including 3 positive for 
H1N1 pdm09. The prevalence of 
any respiratory virus was 
significantly lower among those 
receiving pandemic vaccine in 
comparison to those not receiving 
the vaccine.  

thermal pre-screening upon 
arrival may have affected 
selection  

- Small sample size for 
arriving pilgrims in particular 

- Two individual cross-
sectional studies for before 
and after with different 
subject- ideally would have 
followed same subjects 
before/after   

 
Rashid et al, 
2008 (14)* 

This was primarily a vaccine efficacy study conducted 
through multiple cross sectional surveys. Over two 
Hajj events (2004 and 2005), participants were 
sampled in December-Jan after each Hajj and were 
recruited either while attending Hajj or from UK 
mosques after returning from the event. Nasal swabs 
were analysed and immunization histories checked. A 
combined total of 567 pilgrims were included for the 
two Hajj events. Participants were grouped into either 
‘at risk’ or ‘not at risk’ sub-groups. Of 555 pilgrims 
who underwent virological surveillance, 27% received 
seasonal influenza vaccination. 
 

11 % of pilgrims in 2004 and 10% 
of pilgrims in 2005 had PCR 
confirmed influenza- a mixture of 
influenza A (78%) and B (22%) 
was identified. The proportion of 
influenza among vaccinated 
individuals was 8% in comparison 
to 12% among unvaccinated 
pilgrims across the two events.   
 

The use of laboratory 
confirmation was a strength of 
the study. 
Limitations: 
- Small sample size and 

sampling was restricted to 
only a small proportion of 
pilgrims; may not be 
representative of the 25,000 
British Hajj pilgrims for that 
year 

- Lack of a suitable (non-Hajj 
attending) control group to 
compare influenza 
occurrence 

- No detailed evidence on 
recruitment methodologies 
although this study was 
preceded by similar studies 
with more detailed 
methodologies 

 
Kandeel et al, 
2011 (9)* 

Conducted a cross-sectional study of arriving pilgrims 
at Port Tawfiq and Cairo International airport in Egypt 
(2009 Hajj) - convenience sampling utilised for 

6 (1%) of pilgrims tested positive 
for influenza A- all had subtype 
H3N2 and no pilgrims tested 

Laboratory confirmation and 
sampling from multiple entry 
sites (port and airport) is a 
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selection of individuals. A total of 551 pilgrims were 
sampled- swabs taken for analysis by PCR and 
pilgrims asked about H1N1 pdm09 vaccination status. 
98.1% of pilgrims reported receiving pre-departure 
H1N1 pdm09 vaccination 

positive for H1N1 pdm09. strength 
Limitations: 
- Small sample size probably 

not representative of all 
Egyptian pilgrims (certain 
areas of Egypt under-
represented in analysis)  

- Convenience sampling weak 
method for participant 
selection 

- Potential responder bias- 
Authors believe 
unvaccinated pilgrims 
possibly reluctant to tell 
interviewers not vaccinated 
since vaccination mandatory 

 
Alborzi et al, 
2009 (15)* 

Cross-sectional study of returning Iranian pilgrims into 
a Southern Iran airport (between Dec 2006 and Jan 
2007) following the 2006 Hajj. Questionnaires were 
distributed to returning pilgrims by physicians- 
identified individuals with ARI were selected. 255 
pilgrims were enrolled and provided samples for 
laboratory analysis (to detect multiple viral agents). 
Inactivated influenza vaccine was received in 85.5% 
before departing for Hajj. 

From this sample, 75.6% of 
participant had developed ARI 
within the first two weeks of Hajj 
with viral pathogens identified in 
32.5% of those with ARI. 
Influenza was the most prevalent 
virus identified (9.8%). Influenza 
virus was identified in more 
unvaccinated than vaccinated 
individuals but this was not a 
significant result. 

Limitations: 
- Although laboratory 

confirmation is a strength, 
the use of culture is not the 
most sensitive approach. 

- Very small sample size (in 
comparison to an estimated 
100,000 pilgrims from Iran 
each year) 

- Sampling, selection and data 
collection methodologies 
unclear 

 
Gautret et al, 
2011 (19)* 

Prospective cohort study of 405 geographically 
defined French pilgrims. Recruited individuals 
presenting at a travel clinic in France for compulsory 
meningococcal vaccination. A pre-travel 
questionnaire and post-travel questionnaire was 
completed with a total of 274 completing both (67% 
response rate). 97.4% vaccinated against seasonal 

8% reported influenza-like illness 
in this sample. Influenza vaccine 
and face mask use did not 
significantly reduce respiratory 
symptoms 

Limitations: 
- Small sample size (cannot 

be extrapolated to all French 
pilgrims- only one clinic in 
southern France used as 
recruiting site) 

- Self-reported data collection 
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influenza but only 5.8% vaccinated against H1N1 
pdm09. 

(in person for pre-travel and 
via telephone for post-travel)  

- Significant number loss to 
follow up (paper suggests 
these individuals similar but 
no details of analysis) 
 

Memish et al, 
2012 (11)* 

Two separate cross sectional surveys were 
conducted in healthcare workers working at the 2009 
Hajj. 184 health care workers were included with 161 
answering the initial questionnaire and 104 answering 
the follow-up questionnaire. 120 combined samples 
for laboratory analysis were collected to determine 
the incidence of a range of respiratory viruses. 51% 
reported receiving seasonal influenza and 22% H1N1 
pdm09 vaccination prior to Hajj. 

61% of health care workers 
reported being within 1 metre of 
an individual with ILI symptoms 
during Hajj. Respiratory 
symptoms were reported in 52% 
of participants- only 2 viruses 
were detected in lab analysis 
(rhinovirus-13% and coronavirus 
1%). Rhinovirus was more 
prevalent after Hajj (12%) than 
before (8%). 

Limitations: 
- Small sample size (cannot 

be extrapolated to all French 
pilgrims- only one clinic in 
southern France used as 
recruiting site) 

- Ideally would have designed 
cohort analysis to sample 
same participants before and 
after 

- No p-value given for 
differences between pre-
/post-Hajj distributions 
 

Balaban et al, 
2012 (20)* 

A prospective cohort following 186 recruited US 
pilgrims to the 2009 Hajj. Participants completed both 
a pre and post travel questionnaire and were 
recruited from a) a weekly clinic for Hajj travelers in 
Minnesota and b) multiple sites across Michigan. 
Seasonal influenza vaccination reported in 63% and 
39% H1N1 pdm09 vaccination pre-departure. 

Respiratory illness was reported 
in 41.3% respondents with 23.7% 
meeting criteria for self reported 
ILI. Reduced risk of respiratory 
illness was reported practicing 
social distancing, contact 
avoidance and hand-hygiene.  

Limitations: 
- Very small sample size 

(cannot be extrapolated to all 
US pilgrims- only two areas 
studied across US) 

- Self-reported data collection 
- No unexposed suitable 

control group 
 

Brotherton et al, 
2003 (21)* 

Case-control and cohort studies were conducted as 
part of an outbreak investigation to examine a 
possible influenza outbreak on board an Australian 
Cruise (September 2000). A total of 1100 passengers 
and 400 crew were on-board. Laboratory confirmation 
identified Influenza A and B were circulating during 
the cruise. The case-control study recruited 

37% reported suffering from ILI. 
The case-control study showed 
that there the age group 40-65 
was the highest risk group for 
influenza infection. Influenza 
vaccination was not protective. 

Limitations: 
- May have over-estimated 

lab-confirmed influenza 
because lab technique 
utilized (serology) may have 
captured recently vaccinated 
individuals in addition 
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suspected cases (lab-confirmed influenza post-cruise) 
and 55 controls obtained from the ship’s population to 
provide an acute sample and a follow-up sample 4-6 
weeks post-cruise (serological laboratory analysis 
conducted). For the cohort analysis all passengers 
were asked to complete a questionnaire 3 weeks 
after the cruise- achieved 75% response rate.  
37% of passengers reported receiving influenza 
vaccination. 

- Selection bias- recruitment of 
cases- these individuals had 
a higher likelihood of pre-
existing medical conditions 
and were therefore more 
likely to use medical services 

- Small number of healthy 
controls 

- Possible recall bias in cohort 
study 

- Relatively low response rate- 
no analysis on difference 
with non-responders 

- No unexposed group for 
comparison in cohort study 

 
 
 
C. Outbreak reports 
Investigator 
(Reference no.) 

Study design and participants Reported results  Comments 

Pang et al 2003 
(22) 

An overview report of the 2003 SARS outbreak in 
Beijing, China, with 2521 probable cases reported 
over a 3-month period from March to May, and 7.6% 
case fatality rate.  
The authors also reported the control measures taken 
by health authorities against the outbreak. They 
analysed the timeline of response measures against 
the epidemiological progression of the outbreak, 
attempting to identify which control measures were 
the most effective. 
 

A range of medical, physical and 
social control measures were 
taken at different time points. 
Among these was the closure of 
public entertainment sites such as 
theatres and indoor sports 
facilities. Authors concluded that 
control of the outbreak was 
achieved through a combination 
of factors. 

As mass gatherings restriction 
was only part of a battery of 
interventions, it is hard to make 
out the individual effect of 
restrictions.  

Saenz et al, 
1969 (27) 

Influenza outbreak report from a medical congress 
held in Teheran on September 7-15, 1968. 
Background: The A2/Hong Kong/68 virus caused a 
series of outbreaks across several Asian countries in 

304 of 844 respondents fulfilled 
criteria for influenza, with a final 
attack rate of 36%. Illness was 
mostly mild; more marked and 

This was a well reported 
outbreak. Surprisingly, 
serological test results were not 
reported even though samples 
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1968 but had not been found in Teheran prior to this 
congress.  
Description: during the congress, many participants 
developed symptoms and one of them started an 
investigation. Questionnaires were later sent to all 
1036 participants from 82 countries on all continents. 
844 responded, 
 

prolonged in those aged >55 
years. 50 respondents returned to 
their home countries with fever, of 
which 36% were believed to have 
spread infection to contacts, but 
no large local foci developed. 

were said to have been taken. 
Also, information on the numbers 
of cases in contacts of 
participants was not provided. 

Gutierrez et al, 
2009 (25) 

Influenza outbreak report at the “Rock Werchter” 
musical festival in Belgium, July 2-5, 2009, during the 
2009 influenza pandemic. The event involved 
113,000 participants. 

30 event-linked ILI cases, with 12 
confirmed H1N1 pdm09. There 
were no hospital admissions; 
mean age 23 (range 18-45) years. 
The index case was identified as 
an Israeli participant who arrived 
in Belgium via London, became ill 
on July 3 (day after arrival) and 
presented to festival clinic on July 
5. The median generation interval 
for secondary cases was 
estimated to be 4 (range 3-7) 
days. Later, two further event-
linked confirmed cases were 
found in the Netherlands and 
Luxembourg. The outbreak 
prompted a national shift to a 
mitigation strategy in Belgium as it 
was assessed that community 
transmission had started. 
 

There was likely under-reporting 
as there was no active case-
finding at the festival site. 
However there was considerable 
national mass media and 
Internet publicity about the 
cases. 

Loncarevic et al, 
2009 (24) 

Influenza outbreak reports at two large events held in 
Serbia in July 2009, during the 2009 pandemic. Prior 
to the events 20 cases of H1N1 pdm09 influenza had 
been The events were: (i) The 25th Universiade - 
world university Games, July 1-12, involving 8600 
athletes, 15000 volunteers and staff, and 500,000 
spectators; on 53 sites in 9 locations. (ii) The 10th 
EXIT music festival, July 9-12; involving 190,000 

(i) Universiade: 7 confirmed cases 
(4 believed linked to the Games). 
(ii) EXIT festival: 62 confirmed 
cases (47 linked to event); mostly 
aged 16-30 years, and all mild. A 
further 32 probable cases linked 
to the festival occurred after 
ended, but not confirmed due to a 

Cases may have been under-
reported due to asymptomatic 
cases or non-presenters. 
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visitors to an open-air multi-stage festival. There was 
an enhanced daily surveillance system for both 
events. 

change in testing policy. There 
were no complications or deaths. 
 

Botelho-Nevers 
et al, 2010 (26) 

Influenza cluster and unusual case report, linked with 
the Sziget rock festival in Budapest, August 11-18 
2009. The event involved 390,000 participants. This 
was during the 2009 influenza pandemic, thus a 
dedicated flu medical tent was set up and the local 
hospital placed on stand-by.  
 
 

14 people were hospitalized 
(3.6/100,000); 8 were confirmed 
PCR positive for H1N1 pdm09 
(57.1%). Background activity at 
the time in Hungary was ILI 
7.8/100,000; and across Europe 
(ECDC) it was 34.9/100,000 with 
15.3% H1N1 pdm09 positivity. 
 
Surveillance through 
EuroTravelNet revealed no other 
cases in participants returning to 
other European nations. 
 
The unusual case was a 23-year-
old French male participant who 
had dual infection with H1N1 
pdm09 and varicella zoster virus. 
He was hospitalized in France 
and had a good outcome. 
 

ILI rates were lower at the 
festival than the national and 
continental rates; however the  
H1N1 pdm09 positivity was 
much higher than the European 
population rate; together possibly 
suggesting that many mild cases 
may not have presented in clinic. 

Blyth et al, 2010 
(23) 
 
 
 
 

Report of influenza outbreak during the World Youth 
Day events in Sydney, July 15-20, 2008. This was a 
time of low local seasonal influenza activity but near 
the onset of Australian influenza season. The largest 
of the series of religious events was a Papal Mass 
with a crowd of 400,000. The first influenza case was 
noted on July 16 and flu clinics were rapidly set up 
and symptomatic people encouraged to attend. They 
had paired nose and throat swabs taken and detailed 
virological serotyping carried out. 

100 of 227 symptomatic people 
who voluntarily attended clinics 
had laboratory confirmed 
influenza (a range of A and B 
types). Local influenza activity 
increased in the weeks following 
the event, with evidence of 
introduction of novel influenza 
viruses. 

The outbreak response was well 
organized, resourced and 
reported. Data collection was not 
standardized as numerous 
clinicians manned the rapidly 
set-up clinics. The true extent of 
outbreak is unknown. Also, as 
the event held near the onset of 
the usual Australian influenza 
season, the post-event increase 
in flu activity may have occurred 
regardless. 
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Ward et al, 2010 
(30)* 

A complex outbreak investigation was conducted on-
board an Australian cruise (1970 passengers and 734 
crew) in May 2009. The investigation team boarding 
the ship obtained a list of all passengers/crew and 
reviewed the medical log.  Laboratory testing was 
conducted on symptomatic isolated patients sent to 
hospital post-cruise, and quarantined asymptomatic 
passenger developing symptoms. Interviews held 
with case-patients at time of diagnosis and 6 weeks 
later to gather data on duration and severity of illness. 
A detailed epidemiological investigation of the on-
board childcare centre was also performed. 
. 

Identified that a dual strain 
outbreak had occurred- 82 (3%) 
were infected with H1N1 pdm09, 
98 (4%) infected with influenza A 
H3N2 virus and 0.1% with both. 
The childcare investigation 
showed that the infection rate for 
H1N1 pdm09 was higher than for 
seasonal influenza (H3N2). Four 
subsequent cases were 
epidemiologically linked to 
passengers- no evidence of 
sustained community 
transmission  
 

Limitations: 
- Possible misclassification of 

cases (due to the utilized 
laboratory technique) 

- Recall bias in follow-up 
questionnaire 

- May have not identified all 
co-infected patients and 
over-estimated secondary 
attack rate 

 

Miller et al, 2000 
(28)* 

An outbreak on-board three consecutive North 
American cruises (with the same ship) taking place 
between August 31 and September 30. In the initial 
cruise, the investigation team analysed the medical 
records, while on cruise two self-administered 
surveys were provided to all passengers. Active 
surveillance was conducted (crew only) for ARI 
symptoms on cruises two and three. Crew members 
were removed from next cruise if identified with ARI 
symptoms. Isolation and antiviral prophylaxis 
measures were implemented for symptomatic crew 
from cruise two. Influenza was laboratory confirmed 
on samples in cruise 1 and 2.   
 

On cruise one, 5% and 3% of 
passengers presented to ships 
infirmary with ARI & ILI. On cruise 
two and three this was 3% and 
1% and 2% and <1% respectively. 
On cruise two, 17% of 
passengers and 19% crew had 
self-reported ARI from 
questionnaires. The secondary 
attack rate for crew was 3% 
(cruise one), 8% (cruise two) and 
1% (cruise three).  

Limitations: 
- Likely large underestimation 

of cases because only very 
limited lab-confirmation 
performed & passive 
surveillance for passengers 

- No follow-up of passengers 
or crew post cruise to detect 
cases  

 

Dill & Fevata, 
1999 (33)* 

Influenza, H1N1 pdm09, outbreak report related to 
the United States Military ship, US Iwo Jima, with 
1100 servicemen. Initial index cases occurred in crew 
during land based Fleet Week celebrations in New 
York (May 2009). Outbreak report described resultant 
cases on military cruise (17-day deployment from 
May 27). Identification of cases during fleet week 
activated enhanced ship wide control measures (strict 

Using an ILI case definition, 135 
new cases were detected. The 
secondary infectivity rate was 
calculated as 12%. Absolute end 
of outbreak matched return to 
home port and moving ill patients 
off board. 

Limitations: 
- No controls to determine 

cases averted associated 
with control measures. 

- No laboratory testing  
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isolation, active case finding & antiviral treatment of 
cases).  
 

Christensen et 
al, 2001 (29)* 

Report on respiratory illness on cruise (1311 
passengers and 506 crew) occurring between June 
23-July 5, 2000.Outbreak investigation conducted by 
ships medical department. ILI initially identified in 9 
crew members- rapid diagnostic tests and later 
laboratory testing identified influenza B.    

Total of 64 (13%) crew members 
and 54 (4%) passengers were 
identified with ARI - of these 71% 
of crew and 46% of passengers 
had ILI. The reviewers calculated 
an overall 3.85% ILI rate across 
the total ship population. 
Following confirmation of 
Influenza B, an antiviral effective 
against this type was 
administered to symptomatic crew 
and passengers.   
 

Limitations: 
- Lab confirmation only used 

in 4 crew samples- may have 
missed asymptomatic cases 

- Only passive surveillance 
amongst passengers- likely  
significant underreporting 

 

Ferson et al, 
2000 (31)* 

Late summer outbreak reported (first two weeks of 
February 2000) on a Sydney-New Zealand-Sydney 
cruise (estimated total cruise population of 1479). Mid 
cruise, upper respiratory tract infection cases 
exceeded a notional 3% threshold. Outbreak report 
constructed from end-of-cruise medical report data. A 
sample of cases were laboratory tested which 
identified influenza A virus (in 2 of 7 samples). 

88 (8%) passengers and 20 (4%) 
crew attended a clinic with upper 
respiratory tract infection 
symptoms (identified as 7.3% of 
cruise total population after 
calculation by reviewers). 
Constructed epidemic curve and 
identified peak incidence on day 
12 of cruise. 

Limitations: 
- Broad definition used to 

determine cases (upper 
respiratory tract infection -
URTI)- didn’t define cases 
based on more specific 
definition such as ILI  

- Very limited laboratory 
testing to confirm causative 
agent 

- Passive case detection likely 
to under-estimate cases 

 
Joseph, 1999 
(32)* 

Summer outbreak reported on a Mediterranean cruise 
in the summer of 1999. 490 crew and 590 
passengers on-board. Influenza A was detected in 20 
out of 29 specimens. Stated none of the crew but 
some of the passengers had been vaccinated against 
seasonal influenza.  

A total of 60 individuals or 6% 
(combined crew and passengers) 
reported respiratory symptoms 
(case definition matching, but not 
defined as ILI). 

Limitations: 
- No laboratory testing  

 
 

 
D. Historical outbreak studies 
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Investigator 
(Reference no.) 

Study design and participants Reported results Comments 

Markel et al, 
2007 (34) 

Historical archival outbreak analysis research. 
Setting: 1918-1919 influenza pandemic. This 
study examined detailed records of the period 
September 8, 1918 to February 22, 1919, 
analyzing the public health responses of US 
cities to the pandemic. 43 US cities (all with a 
population at the time exceeding 100,000) and 
for which the most extensive records of Public 
Health interventions could be found, were 
studied. The sources of information included the 
period “Weekly Health Index” of the US Census 
Bureau, official public health reports, media 
archives, and municipal records. 

Three main categories of non-
pharmaceutical interventions 
(NPI) were applied: (a) school 
closures; (b) isolation and 
quarantine; and (c) public 
gathering bans (included 
closing salons, sports events, 
entertainment venues, and 
some indoor gatherings). 
Most cities implemented a 
combination of these 
interventions, most commonly 
combining public gathering 
bans and school closures. 
 
A total of 143,000 excess 
pneumonia and influenza 
deaths occurred in the 43 
cities during the period 
studied. In general, early and 
sustained NPI implementation 
was significantly beneficial. 
Cities with earlier NPI 
reached peak mortality later 
and had lower peak and total 
mortality. Sustained and 
lengthier NPI implementation 
was associated with lower 
excess mortality. 
 

The major strength of the study was to 
link archived data with modern 
techniques to produce research that is 
useful at this time.  
 
The limitations are similar to those of 
Hatchett et al above. 
 

Hatchett et al, 
2007 (35) 

Historical archival outbreak analysis research. 
Setting: 1918 influenza pandemic. This study 
examined detailed records of the period 
September 8 to December 28, 1918, focusing on 
the public health responses of US cities to the 

19 categories of NPIs were 
identified. The measures of 
epidemic outcome included 
the peak death rate, and a 
“normalized” peak that was 

A real strength of the study is that it 
combines archived data with modern 
techniques to produce potentially very 
valuable data. This allows an evaluation 
of an experimental situation that is very 
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pandemic. 17 US cities for which complete 
records of Public Health interventions could be 
found, were studied. The sources of information 
included newspaper archives, municipal records, 
and consultations with current officials. 

standardized to facilitate inter-
city comparison. Among the 
findings were that: 
- Aggressive early NPI was 

associated with lower 
peak excess mortality 

- Early implementation of 
school, church, and 
theatre closures were 
individually associated 
with lower normalized 
peak excess weekly 
deaths 
 

difficult to simulate as a contemporary 
intervention study. 
 
Limitations include:  
- The difficulties and drawbacks of 

historical record retrieval 
- Heterogeneous definitions of “public 

gatherings” 
- Doubts regarding applicability of the 

findings to current practice as society 
has changed dramatically since that 
time 

Aimone (36) 
 
 
 

A historical examination of the response of New 
York City (NYC) authorities to the 1918 pandemic 
influenza. 

NYC took a number of public 
health actions, particularly to 
reduce rush-hour crowding. 
There were no formal 
closures of theatres or 
schools. Yet, the excess 
death rate due to pandemic in 
NYC was comparable or 
lower than in some other 
major US cities.  
 

 

Summers et al, 
2010 (37)* 

Report analyzing widespread outbreak of 1918 
pandemic influenza and mortality risk factors on-
board a New Zealand military transport ship 
(HMNZT). The ship sailed from Freetown, Sierra 
Leone on route to England with 1217 persons on-
board when the outbreak occurred. Data was 
obtained from a number of sources including the 
official archived report, written accounts and 
other military databases. Modern statistical 
analysis constructed the epidemic curve and 
calculated the odds ratio’s for potential mortality 
risk factors.    

Estimated over 1000 
symptomatic cases with an 
overall mortality rate of 7% 
and cumulative incidence of 
90% on-board. Significantly 
higher mortality rate of 
persons in cabins with bunks 
(these cabins had extremely 
poor ventilation and severe 
over-crowding) in comparison 
to areas with bunks for 
sleeping (RR 4.28 95% CI 

Limitations: 
- Using estimates from historical data 

sources 
- Conscripted men on the ship may 

have not been representative of 
general population 

- Difficult to apply findings to modern 
day 
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2.69-6.81). Assignment to a 
particular military unit (field 
artillery- housed in cabins) 
significantly associated with 
mortality risk (adjusted OR 
3.04 95% CI 1.59-5.82) 

 
E. Event surveillance reports 
Investigator 
(Reference no.) 

Study design and participants Reported results Comments 

Gundlapalli et al, 
2006 (38) 
 
 

Prospective influenza surveillance report from the 
Winter Olympiad, February and March 2002. 
Components of the surveillance programme 
included: screening of athletes and non-athletes 
with respiratory symptoms; daily review of viral 
testing and community public health reports; and 
case treatment and contact prophylaxis. 

 2635 medical visits reported 
during the Games; 12% with 
respiratory symptoms. Three 
main clusters of ILI: (a) 13-man 
team of security staff with 3 
confirmed cases; (b) a 12-
member national team with 2 
confirmed; (c) 8 participants of 
the same sport, with 5 
confirmed. Overall, 188 people 
were screened for influenza; 
36 were positive (28 type A 
and 8 type B). Syndromic 
definition of ILI (fever and 
cough or sore throat) was not 
highly predictive of confirmed 
influenza (sensitivity 67% and 
specificity 78%).  
 

This was a well-organised systematic 
prospective influenza surveillance 
programme, described by the authors 
as the first of its type at a large Games 
event. 
 
Limitations include: 
- No indication of total numbers of 

people at the event or in the city 
- No indication of the background ILI 

activity in the city or country; or 
whether this was during the local 
Winter influenza season. 

Lim et al, 2010 
(39) 
 
 

Influenza surveillance report during the disease 
containment phase of the 2009 influenza 
pandemic.  More than 600 confirmed cases had 
occurred in Singapore prior to the Games. 
 
Asian Youth Games in Singapore, June 29 to 
July 7, 2009 (football preliminaries started on 

66 suspected cases identified  
at the Games medical facility; 6 
confirmed and isolated in 
hospital. By contact tracing, 42 
persons were quarantined. 
There was no evidence of  
H1N1 pdm09 transmission 

This was a detailed operational 
description and surveillance report. 
 
The authors stated that no transmission 
took place during the Games; but it is 
unclear how the 6 confirmed cases 
were infected – possibly imported 
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June 20). The Games involved 9 sports at 10 
venues; 1210 athletes; and 810 officials all from 
43 different countries. 
 

associated with the Games. cases? 

Schenkel et al, 
2006 (40) 
 
 
 
 
 

Infectious disease surveillance report; World Cup 
2006, Germany, June 9 – July 9, 2006. There 
was an extensive enhanced national surveillance 
system built around the event, based on existing 
national and local systems.  
 
 

No respiratory events of public 
health relevance were 
reported. Infection incidents 
reported were (a) single cases 
of varicella, mumps, and 
S.enteritides (b) a suspected 
viral gastroenteritis outbreak 
(c) a confirmed norovirus 
outbreak 
 

It is not specifically stated that 
respiratory infections were under 
surveillance, but the authors stated that 
the system was set up “to detect 
adverse health events of public health 
relevance”, - presumably including 
respiratory infection 

Hanslik et al, 
2001 (41)* 

Reviewed effectiveness of an electronic sentinel 
disease surveillance system for the 1998 World 
Cup (held across 10 cities in France). System 
was active for a total period of 66 days: two 
weeks prior to event (reference period) and 
during the event (four weeks from June 10 to July 
12). Medical activity and the daily number of 
communicable diseases (including ILI) recorded. 
Five sentinel networks with 553 general 
practitioners and a range of medical settings  
Included. 
.  

Compared with the reference 
period, ILI rates remained 
stable during the event period 
and did not exceed the 
epidemic threshold level. This 
was also true for all other 
communicable diseases 
monitored during the event.  

Limitations include: 
- No indication of total numbers of 

people at the event or in the cities 
 

 

Abbreviations used in Table 2: ARI=Acute Respiratory tract Infection; ILI=influenza-like illness; NPI =non-pharmaceutical interventions; 
PCR=polymerase chain reaction; RSV=respiratory syncytial virus; URTI=upper respiratory tract infection 
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Table 3. Quality assessment (risk of bias). Graded assessment of risk of bias 
(new studies indicated by *) 
 
This assessment format was adopted as CASP tools could not be applied (CASP resources: http://www.sph.nhs.uk/what-we-do/public-health-
workforce/resources/critical-appraisals-skills-programme (6)) 
 

Study type Study author and 
reference no. Notes 

Risk of bias assessment  (low or high) 

Author 
Basis / key issues 

Risk 
of 

bias 
Quasi-
experimental (7) Qureshi 2000 Is there an appropriate CASP tool? No  No randomisation; no blinding 

Thus no allocation concealment  High Qureshi 2000 

Observational 
studies 

(12) Deris 2009 

Cross-sectional studies 
Is there an appropriate CASP tool? No 

No controls; subjective diagnosis; no 
follow-up; unreliable recruitment 
approach 

High Deris 2009 

( 10) Memish 2011 * No control group; unreliable recruitment 
approach High Memish 2011 

( 9) Kandeel 2011 * No control group; unreliable sampling 
approach High Kandeel 2011 

( 15) Alborzi 2009* No control group; sampling and data 
collection methodology unclear High Alborzi 2009 

(13) Rashid 2008 No control group Low Rashid 2008 

( 14) Rashid 2008 * No control group Low Rashid 2008 

(8) Ziyaeyan 2012 * No control group Low Ziyaeyan 2012 

( 11) Memish 2012 * No control group Low  Memish 2012 



 
 

 37 

(16) Choudhry 2006 

Described as prospective cohort studies, 
but look more like before & after studies, 
which belong to the quasi-experimental 
category 
 
Is there an appropriate CASP tool? No 

No unexposed control groups 
Subjective diagnosis 
Studies apparently wrongly classified 

High Choudhry 2006 

(17)  Gautret 2009 High Gautret 2009 

(18)  Gautret 2009 High Gautret 2009 

(19) Gautret 2011 * High Gautret 2011 

(20) Balaban 2012 * High Balaban 2012 

(21) Brotherton 2003 
* 

Described as cohort studies, but more 
similar to before & after studies, which 
belong to the quasi-experimental category 
Also case-control study 
 
Is there an appropriate CASP tool? No 
for cohort/ yes for case-control 

No unexposed control groups; low 
response rate and recall bias  for cohort 
analysis 

High Brotherton 2003 

Outbreak 
reports 

(23) Blyth 2010 

Is there an appropriate CASP tool? No 
 
The ORION tool is also not applicable as it 
is specific to outbreaks of nosocomial 
infection -  
http://www.idrn.org/orion.php (42, 43) 

Clear description of setting and context? 
Laboratory diagnosis? 
Data reliability? 

Low Blyth 2010 

(26) Botelho-Nevers 
2010 Low Botelho-Nevers 

2010 

(25) Gutierrez 2009 Low Gutierrez 2009 

(24) Loncarevic 2009 Low Loncarevic 2009 

(22) Pang 2003 Low Pang 2003 

(27) Saenz 1969 Low Saenz 1969 

(28) Miller 2003 * Laboratory diagnosis? 
Data reliability? 
Significant underestimation of cases? 

Low Miller 2003 

(33) Dill 1999 * Low Dill 1999 
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(29) Christensen 
2001 * Low Christensen 2001 

(31) Fersen  2000 * Low Ferson 2000 

(32) Joseph 1999 * Low Joseph 1999 

(30) Ward 2010 * Data reliability? Low Ward 2010 

(36) Aimone 2010 

Historical outbreak studies 
Is there an appropriate CASP tool? No 

Reliable, multiple data sources? 
In-depth methods description? 
Clear outcome measures? 
Appropriate analysis? 
Breadth of coverage? 

Low Aimone 2010 

(35) Hatchett 2007 Low Hatchett 2007 

(34) Markel 2007 Low Markel 2007 

(37) Summers 2010 * Low Summers 2010 

Event 
surveillance 
reports 

(38) Gundlapalli 
2006 

Is there an appropriate CASP tool? No 

Prospectively planned surveillance? 
Specific focus on influenza/respiratory 
virus? 
Clear description of setting and context? 

Low Gundlapalli 2006 

(39) Lim 2010 Low Lim 2010 

(40) Schenkel 2006 Low Schenkel 2006 

(41) Hanslik 2001 * Low Hanslik 2001 
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 Table 4. Papers that were abstracted but excluded from the final review  
 (New studies indicated by *) 
 
This is a summary list of the articles that were excluded (see Figure 2) after full text 
review as they did not meet the inclusion criteria. Full references are listed in Appendix 4. 
    

 Author Notes 

REVIEWS 
Editorials, 
statements 
etc 

Anon 2009 WHO technical consultation report 

Ferguson 2009 Discussion paper on social distancing 
Rashid 2008 Expert opinion / reflection 
Haworth 2010 Editorial 

Franco-Paredes 2009 Expert commentary 

Ebrahim 2009 Expert opinion / policy paper 

Tomes 2010 Discussion paper on the 1918-1919 influenza pandemic 

Narrative 
reviews 

Milsten 2002 Narrative review paper 

Zielinski 2009 Narrative review paper 

Michael 1997 Narrative review paper 

Ahmed 2006 Narrative review paper 

Oshitani 2006 Narrative review paper 

Anon 2006 WHO recommendations on non-pharmaceutical 
interventions for pandemic influenza 

Mouchtouri 2010 * A literature review identified 9 Influenza-confirmed 
outbreaks on different cruise liners between 1997-2005. 
Examined different epidemiological parameters such as 
attack rates.  

Schlaich 2009 * Analysis of 49 medical logs from cargo ships (average 
cruise size 24 persons)- distribution of ILI across log 
records.  

Ferson 2005 * General review assessing recorded infectious disease 
outbreaks  (including influenza) amongst cruise ships 
visiting the port of Sydney between 1999-2003 

Memish 2012 * Discussion on mass gathering medicine with particular 
reference to Hajj and policy implications.  

Systematic 
reviews 

Jefferson 2010 Systematic review update (Cochrane) 

Aledort 2007 Systematic review and expert panel 

Jefferson 2009 Systematic review 

Jefferson 2011 * Systematic review update (Cochrane) 

OTHER 
Studies Al-Asmary 2007 Observational study of the occupational risk of influenza in 

healthcare facility workers at the Hajj mass gathering 
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Baum 2009 Cross-sectional study from Michigan - focus group 
discussions on attitudes towards social distancing  

Broderick 2008 Non-randomised controlled social distancing intervention 
study in a community setting; not applicable to a mass 
gathering situation 

Eastwood 2010 A follow-up cross-sectional survey on willingness to comply 
with potential health interventions during a pandemic 

Hutton 2010 Cross-sectional methodological study on data collection at 
mass gatherings 

Rubin 2009 Cross-sectional study of swine flu-related public 
perceptions 
 

Gautret 2012 * Cross-sectional study of French pilgrims attending 2010 
Hajj- examined travel patterns.  

Mandourah 2012 * Prospective ‘cohort’ study analyzing clinical data for 
pilgrims admitted to Intensive care in the four main 
hospitals serving Hajj (2009). 

Outbreak 
report 

Witkop 2010 Outbreak report from a training academy 

CDC/MMWR 2010 * Outbreak report characterizing H1N1 pdm09 influenza on a 
Peruvian military naval ship- 355 crew on-board. 

Christenson 1987 * Outbreak of respiratory illness on board a cruise ship (418 
passengers) travelling round southern Europe and northern 
Africa- examined range of possible respiratory pathogens. 

Tarabbo 2011 * H1N1 pdm09 outbreak onboard an Italian military ship in 
the Mediterranean- 237 servicemen on the ship.   

Earhart 2001 * H3N2 outbreak on US military ship in February 1996. >500 
crew on-board.  

Historical 
analysis 

Caley 2008 Modeling-based historical outbreak analysis of social 
distancing during the 1918-1919 pandemic 

McSweeny 2007 Historical analysis of the effect of residential location on 
mortality during the 1918 influenza pandemic. 

Nishiura 2007 Historical outbreak analysis of community setting 
transmission during the 1957 pandemic and the 1961 
epidemic 

Wallinga 2010 Vaccine-focused historical study of interventions during the 
1957-1958 influenza epidemic 

Event 
surveillance 

Coletta 2006 Brief description and report of surveillance for a mass 
gathering event in Virginia. Insufficient information 
regarding the syndromic surveillance system used. 

Giorgi Rossi 2003 Brief description and report of surveillance activities for the 
Millennium Year event in Rome. Respiratory virus infections 
were not among the target diseases for enhanced 
surveillance 
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Goncalves 2005 Description and report of surveillance activities for the Euro 
2004 football event in Portugal. Respiratory virus infections 
were not among the target diseases for enhanced 
surveillance 

Tsui 2002 * Technical paper analyzing the RODS Winter Olympics 
Biosurveillance system in the 2002 Winter Olympics (Sal 
Lake city). Description of system mentioned that during 
deployment would detect prodrome classes- no specific 
menton to respiratory infections.  

Gundlapalli 2007 * Analysis of hospital electronic medical record based public 
health surveillance system- deployed in the Olympic village 
to monitor athletes, staff and volunteers at the 2002 Salt 
Lake city Winter Olympics. Detected influenza syndrome 
class and recorded patient level data. The data generated 
from this system fed into the overall surveillance data from 
Gundlapalli 2006.  

Morimura 2007 * 4 day surveillance system monitoring a range of medical 
conditions during two separate football events in Japan. 
Examined levels of ‘common cold” during the event.  

Boisson 2012 * Technical paper describing surveillance system deployed 
during 2007 Cricket World Cup across the West Indies.  

Jentes 2010 * Examined medical activity at the 2008 Beijing Olympics 
among foreign visitors and expatriates. Surveillance system 
detected level of respiratory disease   

Grissom 2006 * 2002 Winter Olympics (Soldiers Hollow at Salt Lake City) 
surveillance- examined levels of respiratory illness. 

Other Avery 1982 Operational medical response to a mass gathering event 

Barr 2010 Operational paper on transport issues related to mass 
gatherings 

Fizzell 2008 Description of planning and response to a mass gathering 
event 

Lopez-Cervantes 2009 Background information on the 2009 pandemic influenza 
outbreak in Mexico 

Markel 2008 Presentation and discussion paper on data from the 1918-
1919 influenza pandemic. The substantial research report 
arising from the study was included in the study (21) 

Memish 2009 Consultation and recommendations on public health 
planning and response for the Hajj 2009 

Poggensee 2010 Epidemiological description - initial period of the 2009 
pandemic influenza outbreak in Germany 

Van Hal 2009 An analysis of epidemic testing strategies 
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Discussion  
 
The evidence to help address important public health questions around mass gatherings 
and influenza transmission is sparse, particularly in the context of an influenza pandemic. 
In addition, the topic does not lend itself to ease of scientific investigation and there are 
probably many who may feel that it is self-evident that mass gatherings facilitate the 
transmission of infectious diseases. 
 
The previous systematic search of the literature and this update identified a limited 
number of studies that addressed the review questions regarding whether mass 
gatherings are associated with influenza transmission and whether restricting mass 
gatherings reduces the spread of influenza within the community. 
 
What is a mass gathering?  
In attempting to understand and describe a situation or intervention a common 
understanding or definition is essential.  There is currently no generally accepted 
definition of what constitutes a mass gathering. However, the literature on mass 
gathering medical care highlights an emerging consensus amongst those providing 
emergency medical care at organised events. In this setting, mass gatherings are 
considered to be organised events with more than a thousand people in attendance (44-
46).  A recently published guidance document from the World Health Organisation 
(WHO) expanded the term to cover any organised or unplanned event involving enough 
people to “strain the planning and response resources of the (host) community, state or 
nation” (47). 
 
The major limitation in trying to define mass gatherings is that any single definition would 
inevitably be too simplistic as it would need to incorporate events as diverse as the Hajj 
(lasting about one month and involving between two and three million people), and a 
football match (involving several thousand spectators over a period of about two hours). 
In addition to this, mass gatherings within maritime settings including civilian and military 
ships should be considered, adding a further dimension to the mass gathering definition- 
an expansion incorporated as part of this update. 
 
A system for classifying mass gatherings on the basis of size and duration is lacking and 
may be required.  
 
What does the evidence say about mass gatherings and the risk of influenza 
transmission? 
In recognition of the difficulties of conducting hypothesis-based studies that directly 
implement and assess the effects of restrictions of mass gatherings in real life, an 
indirect approach was taken to address the review questions as follows: 
 
I. Are mass gatherings associated with influenza transmission? 
To address whether mass gatherings are associated with influenza transmission, 
evidence was derived from the following: 
- A quasi-experimental study that was primarily designed to quantify vaccine efficacy 

in the form of a non-randomised trial 
- Observational studies that assessed participants before and after exposure to mass 

gathering events 
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- Reports of influenza outbreaks and other respiratory illnesses at mass gathering 
events 

- Communicable disease surveillance reports from some major events 
 
A number of studies (8-20) have consistently demonstrated, over a number of years, that 
respiratory virus transmission occurs amongst pilgrims attending the annual Hajj in Saudi 
Arabia, and it is recognized as an issue of international public health significance (48-52) 
that could be particularly important in a pandemic situation.  To address this concern, 
this update included a number of new studies that analysed influenza in pilgrims during 
the 2009 Hajj (which took place during the 2009 pandemic period). Evidence from these 
studies suggest that for the H1N1 pdm09 pandemic virus, transmission was particularly 
low possibly due the relatively older age groups of pilgrims attending Hajj (individuals 
with a lower susceptibility) and levels of pre-departure H1N1 pdm09 vaccination 
coverage (although this was variable across studies).  
A significant proportion of pilgrims are affected by symptoms of either an influenza-like 
illness or an acute respiratory illness with the proportion affected reaching between 40-
77% in some studies (12, 15, 16).  Results for studies with laboratory confirmed infection 
are variable, some indicating that influenza prevalence is low (8, 9, 10) while others 
suggest it is significantly higher (14, 15). The Hajj is however a unique event with almost 
three million people converging on a relatively small geographic area for over five days.  
Crowd density is very high and over-crowding in the living accommodation is common.  
Given the unique nature of this event the applicability of these findings to other mass 
gatherings is therefore limited.  
The new evidence therefore supports the assertion that a mass gathering event of the 
nature seen at the annual Hajj exposes individuals to transmission of respiratory viruses 
and illness, however there is limited evidence to determine whether respiratory viral 
prevalence is increased when compared to background rates or unexposed groups. The 
new evidence also highlights that H1N1 pdm09 infection levels were very low, and in the 
context of the 2009 pandemic, fears regarding enhanced transmission and the Hajj 
acting as a seeding event for pandemic influenza were not realised. 
 
In a small number of outbreak studies involving influenza-like illness and confirmed 
influenza at large music festivals, there is varying evidence about the extent to which 
influenza transmission occurs. Outbreaks were based on laboratory diagnosis, and 
transmission was confirmed in all, though they had varying infection rates ranging from 
roughly 3 to 25 per 100,000. Two recent studies undertaken during the 2009 influenza 
pandemic suggest that at the beginning of a pandemic these gatherings may act as 
seeding events (25) but later in the pandemic may have no appreciable impact. (26).  
The evidence from event surveillance reports such as international athletic events, World 
Cups and the Winter Olympiad suggest that influenza outbreaks can occur but these 
seem restricted to the actual competitors and staff rather than the crowds attending.  
Together, all of these reports point to the influenza outbreak and transmission potential, 
albeit variable, of large, multiple-day, open-air events. Only one new study, event 
surveillance report documented influenza-like-illness rates at a major sporting event and 
did not find evidence of increased incidence.  
Therefore, there is no new outbreak or surveillance evidence to suggest influenza is 
associated with mass gatherings such as sporting events. 
 
There is evidence in this review to suggest that Influenza outbreaks are associated with 
both civilian and military ships, in particular where outbreaks are out of season. A 
number of outbreak investigations on primarily large civilian cruise ships have occurred 
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in summertime in maritime locations in both Europe and around Australia (28-33). 
Observations for pandemic influenza spread and increased attack rates in comparison to 
seasonal influenza have also been identified on-board cruise ships (21). 
The new evidence (primarily outbreak reports) therefore identifies a new theme for ships 
associated with increased influenza transmission and outbreaks. 
 
In summary, there is some evidence, including new evidence to indicate that mass 
gatherings may be associated with an increased risk of influenza transmission.  
 
II. Does the type of mass gathering influence the association with influenza 

transmission? 
The type of mass gathering event seems to be of considerable importance in terms of 
the risk of influenza transmission (Table 5) and this argument is strengthened by the 
updated findings. Most of the evidence supporting the role of mass gatherings in the 
transmission of influenza comes from events where there are crowds with high crowd 
densities (which may be theoretically estimated at >5 people per square metre), and also 
where the participants are likely to live close together for prolonged periods, e.g. the Hajj 
pilgrimage (8-20) and large musical festivals (24-26). In these events, crowded 
accommodation is also likely to be relatively basic, such as communal camp style living. 
It seems apparent that events where close contact among participants extends beyond 
event venues and into accommodation areas are most associated with influenza. Event 
size per se does not seem to be a critical factor. 
There were a number of new observational studies to suggest the Hajj is associated with 
respiratory viral transmission, although the evidence regarding influenza specific 
transmission is less certain. Ideally, comparisons to background rates in the community 
or unexposed groups would provide a more concrete answer. For pandemic influenza 
(H1N1 pdm09 specific), Hajj type events do not seem to be associated with increased 
pandemic influenza transmission. The quality of studies also dramatically varied so care 
must be taken when interpreting this evidence. No new evidence to support the 
hypothesis that music festivals are associated with influenza transmission were identified. 
 
In contrast, there is no convincing evidence that major organised sporting events are 
associated with significantly increased influenza transmission in those attending the 
event (38-40). An important example of this contrast comes from Serbia, where two 
major events of different type and scale happened to coincide in 2009, providing a 
“natural experimental” opportunity for comparison (24). In the larger event, only four 
event-linked confirmed influenza cases occurred at the World University Games held 
over a 12-day period and involving almost 25,000 athletes and staff with about 500,000 
spectators. However, in a relatively smaller event held in the same month and within the 
same country, as many as 47 event-linked confirmed cases occurred at a four day music 
festival with around 190,000 participants. 
 
Furthermore, in surveillance reports from recent major international sports competitions, 
cases or small clusters of influenza were reported, but these were mainly in the event 
participants rather than in the overall population of people exposed to the events (38, 39). 
This was true even for one major event that took place within a pandemic context (39). 
These events showed no clear evidence of influenza transmission, indicating that 
influenza may not be a significant cause for concern at modern world sports events. This 
view is supported by surveillance reports from the 1998 and 2006 World Cups in France 
and Germany (40, 41), where influenza-like-Illness remained below the epidemic 
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threshold level or instances of transmission were not reported, meaning that they were 
either not detected or very low.  
The single new surveillance report (41) strengthens the view that these types of events 
are not associated with influenza transmission. 
 
This situation may in part be explained by the brief transitory nature of contact in the 
crowds in highly organized international sports festivals such as the Olympics and the 
World Cup, which are usually seated events with good spacing in-between seats and 
mostly in open-air settings with dilution of any infectious droplets that may be generated. 
The apparently low or absent influenza transmission at such events may also reflect the 
contemporary fact that many people who attend major sports championships tend to 
have planned their visit a long time ahead, as ticket sales usually start months or even 
years in advance. Spectators as well as participants tend to stay in more conventional 
accommodation such as hotels rather than tents or other forms of portable or camp-style 
quarters with highly crowded conditions. It is also important to note that contemporary 
major events are now deploying increasingly developed systems for infectious disease 
surveillance and control (54), which are crucial for early detection and containment 
where possible. 
 
The London 2012 Olympic Games is a recent example of how increasingly sophisticated 
such surveillance systems can be.  Infectious diseases, including respiratory illnesses, 
were closely monitored by the HPA and expedited testing arrangements were in place 
for conditions such as influenza. It is reassuring to note that no outbreaks of influenza 
were detected at any locations during the Games, providing further evidence to suggest 
this type of event is not associated with influenza outbreaks. A summary of the 
surveillance activities of the HPA during the Games has been published, and the 
surveillance reports (as yet unpublished in peer-reviewed journals) are available on the 
HPA website (53).  
 
The other situation of note relates to indoor events such as large conferences, typified 
by the international medical conference held over seven days in Iran during the early 
stages of the 1968/69 pandemic (27).  During this meeting it is estimated that about a 
third of the participants developed an influenza-like illness with an overall attack rate of 
36%; the pandemic virus was isolated from those cases where testing had been 
undertaken. This potentially highlights the role that ventilation may play in the reduction 
of influenza transmission and is another factor worthy of consideration.    
 
Maritime settings provide a unique situation where many people are often in relatively 
close contact for one to two weeks – for military ships this can be much longer. A 
combination of factors may facilitate the spread of influenza in passenger cruises, 
including the presence of proportionately more ‘at risk’ groups (older people and 
children), the mixing of people from different locations (both southern and northern 
hemispheres), the types of close-quarter living conditions and sustained/intensive 
contact rates. The historical outbreak investigation on board a military transport vessel in 
1918 highlighted the significance of crowded accommodation on-board a ship, with 
poorly ventilated living quarters increasing the mortality of the 1918 pandemic strain (37).  
 
The new evidence has identified a new type of mass gathering setting that may be 
associated with influenza transmission and outbreaks; the civilian cruise ship. Military 
vessels may also be associated with influenza transmission; however there are fewer 
examples of studies supporting this view. On the basis of this evidence, it should be 
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argued that the mass gathering definition should be expanded to include both civilian 
and military cruise ships if the on-board population exceeds 1000 persons. 
 
In summary, the type of mass gathering event may exacerbate influenza transmission, 
key factors being the degree of crowdedness, the event duration and possibly, whether 
the event is in or outdoors. Multiple-day events with crowded communal accommodation 
and civilian or military cruise ships may be the mass gatherings most associated with 
influenza. The new evidence strengthens the statement that certain types of mass 
gatherings influence the risk of influenza transmission 
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Table 5. Evidence of event characteristics that might influence an association with influenza transmission  

* This category also includes multi-location major events such as the Olympics, even if no specific numbers of participants are given in the reports

Numbers of 
participants Duration Type of event Evidence of association 

with influenza? 

Venue conditions 
Accommodation 

conditions Comment 
In or outdoor Crowded? 

1,000 or 
more 

Hours 

Football 
matches 

Yes – World cup (40, 41) 
 Outdoor Possibly 

crowded 
Presumed no 
crowding NO cases detected. 

Theatre, 
entertainment 

No – however closure 
associated with reduction 
in flu transmission (34, 35) 

Indoor Possibly 
crowded 

Presumed no 
crowding 

Associated with influenza 
despite no crowding.  
 
Indoor venues may be a 
risk factor 
 
Cruise ships likely 
associated with out of 
season and pandemic  
Influenza outbreaks 

Days Congress Yes – outbreak report (27) Indoor Not crowded Presumed no 
crowding 

Weeks Ships (cruise 
and military) 

Yes- outbreak reports (28-
33 ) and observational 
study ( 21) 

Indoor Possibly 
crowded 

Presumed no 
crowding 

100,000 or 
more Days 

Music festivals Yes – outbreak reports (24-
26) Mostly out Crowded Very crowded 

Crowded venues PLUS  
crowded accommodations  
 
Associated with influenza  
regardless of venue 
situation 

Social / 
religious 
festival 

Yes - outbreak report (23) Mostly out Crowded Very crowded 

500,000 or 
more*  Weeks 

Hajj pilgrimage 
Yes – observational and 
quasi-experimental studies 
(7-20)  

Both in and 
outdoor 

Extremely  
crowded Very crowded 

Major 
international 
sports 
tournaments 

No / limited – event 
surveillance reports (24, 
38-40) 

Mostly out Not crowded Presumed little 
crowding 

Uncrowded outdoor 
venues seem ideal 
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III. Can influenza transmission be reduced by restriction of mass gatherings? 
To address whether mass gathering restriction can reduce influenza transmission, the 
mainly relevant papers found were archival studies of the 1918-1919 influenza pandemic 
(34-36)  and an analysis of the 2003 SARS outbreak (22). No relevant randomised 
controlled trials were found, reflecting the practical difficulties that such studies would 
involve.  
 
Mass gatherings of varying dimensions were restricted at a large number of US cities 
during the 1918-1919 period. The reports again highlighted the difficulty of interpreting 
what was meant by a mass gathering e.g. including schools, cinemas, theatres and other 
public places. In general, evidence suggests that these measures had a beneficial effect, 
especially where implemented early in the course of the outbreak (34, 35). However, 
these benefits were not universal across all the cities (36). 
 
Restrictions were typically implemented as part of a set of interventions, e.g. combining 
quarantine and isolation policies with banning mass gatherings. As a result, it is 
extremely difficult to tease out the individual effects of mass gatherings restrictions alone. 
Using multivariate techniques, investigators attempted to isolate the differential effects of 
individual restriction measures, and found indications that certain interventions (such as 
closures of entertainment venues) had measurable specific impact, (20, 21) but this 
evidence is limited. Equally, outbreak reports from maritime settings have tentatively 
suggested that control measures implemented during a cruise may impact on the attack 
rates (28, 33), although there have been no formal investigations to identify whether on-
board measures are truly associated with reducing the impact on an outbreak. There is 
no further evidence to confidently support the statement that a restriction on mass 
gathering events can reduce the transmission of influenza. 
 
An analysis of the 2003 SARS outbreak in China attempted to probe the impact of mass 
gatherings restrictions that were applied in a contemporary setting (22). However, as 
with the historical studies, it was not possible to distinguish the specific effects of mass 
gatherings restrictions from amongst the broad range of other public health interventions 
that were applied. 
 
In summary, there is some evidence that when applied early and in tandem with other 
public health measures such as isolation and quarantine and closures of educational 
institutions, mass gatherings restrictions may help in reducing transmission.  In a 
pandemic like that experienced during 2009 it is unlikely that the measures described 
above could be justified, however, in a much more severe pandemic, the cost – benefit 
equation could easily shift the other way.  The application of bans on mass gatherings 
and other related public health measures are therefore highly dependent on an early 
indication of the severity as measured by its impact on individuals and society.  
 
Practical implications of the review’s findings 
There are two further, critical, domains of uncertainty that need to be considered in the 
development of evidence-based guidance and policies regarding mass gatherings. The 
first domain relates to issues around the current understanding about how influenza is 
spread, and factors that can affect transmissibility (e.g. host factors, pathogen factors, 
environmental factors and particle size) (5).  Key questions remain in these areas, which 
may be important in making specific recommendations regarding particular types and 
scope of mass gathering restrictions.     
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The second domain impinging on the potential effectiveness of any public policy on 
mass gatherings includes the whole range of factors affecting adherence and 
compliance.  For instance, the experience of the 2009 influenza pandemic has raised 
significant questions around how willing people might be to comply with bans imposed 
on mass gatherings restrictions (55-58). Other challenging issues include the 
problematic ethical and legal frameworks for implementing restrictions for public health 
purposes (59, 60), as well as considerable logistical and economic implications. If long-
planned events were to be cancelled, who would be liable for the huge personal, 
corporate and national costs that such cancellations might incur? In considering policy 
recommendations therefore, within a pandemic context, the most practical approach for 
all but the more severe pandemics may be a strategy of encouraging voluntary 
restrictions. This would involve giving the public the best available information, and 
advising rather than legislating that organisations and individuals avoid non-essential 
events where there is at least some evidence of transmission risk. Practical implications 
of potential mass gathering restriction policies need careful assessment and should be 
an area of focus for policy-makers. Opportunities to link to other operational research 
assessing implications should be sought.  
 
The new evidence does not alter the message that, in all but the most severe pandemics, 
compulsory restrictions offer little advantage given the delicate economic and political 
balance associated with mass gathering restrictions, and the continued limited evidence 
to suggest mass gathering events are widely associated with influenza transmission. 
More credence should be given to examining specific types of mass gathering events; 
indoor events (regardless of crowding- usually multi-day) and outdoor (with crowding and 
multiday events) as there appear to be specific settings associated with respiratory viral 
or influenza transmission. A relative paucity in evidence from other settings, including 
outbreak reports related to planes, schools, universities and prisons (with a population 
exceeding 1000 persons) may also reflect publication bias issues. Identifying other 
potential settings may also form an important part of future work. 
 
There are other important issues to note. Although this update has focused on mass 
gatherings, limiting transmission of influenza clearly requires a multifaceted approach. 
Some studies in this review reflected such an approach; for example, in the historical 
outbreak investigations where restrictions on mass gatherings were combined with other 
non-pharmaceutical measures (22, 34, 35).  It would be prudent to apply the best 
evidence relating to other social distancing interventions in conjunction with any specific 
policies on mass gatherings. 
 
Although new evidence was identified it had limitations similar to those observed with the 
studies in the original DH report, particularly in relation to the lack of an unexposed 
group in many of the observational studies.   There is therefore still a need for well-
designed studies to more accurately quantify the extent of influenza transmission at 
mass gatherings, confirm the key parameters that influence the transmission of influenza 
in these settings, and to directly assess the impact of mass gathering restrictions.    In 
the UK, mass gathering events ranging from indoor events in theatres and cinemas, to 
outdoor events such as football matches and major musical events like the Glastonbury 
festival, represent potential opportunities for carefully designed research. British people 
travelling abroad for mass gatherings such as the Hajj or other large events could be 
approached for inclusion in prospective studies for comparison with appropriately 
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matched non-travelling controls, with care being taken to avoid drawbacks observed in 
existing studies.  
 
Strengths and weaknesses of the review 
As previously noted, this review has examined an intervention area in which there are a 
limited number of relevant studies and there is no common understanding of what 
constitutes a mass gathering. While a range of study designs were reviewed, there was 
not a single randomised controlled trial that was suitable for inclusion. This is of course 
not surprising, given the formidable logistical, cost and ethical hurdles that make large-
scale experimental epidemiological studies of the restriction of mass gatherings 
impractical and probably impossible. Some of the included studies had significant design 
and quality issues as duly reflected in the individual paper summaries and the discussion, 
and highlighted in Tables 2 and 3. 
 
The application of quantitative techniques could enhance the simple narrative approach 
that was adopted for the analysis. However, it is still apparent that there are insufficient 
studies presenting quantitative data on this subject. It is acknowledged that the inclusion 
of modelling studies may offer an additional dimension in order to build a fuller picture. 
  
Within the boundaries of the inclusion criteria, this review was able to capture most of 
the relevant studies identified by other systematic reviews undertaken in recent years on 
the subject of non-pharmaceutical interventions to limit transmission of respiratory viral 
infections and/or specifically influenza. These reviews all considered a range of 
interventions (61-64) and all recognised the paucity of primary evidence regarding 
restriction of mass gatherings (and other “social distancing” measures). In addition to 
identifying the more recently published evidence, this update included maritime settings, 
however it is acknowledged that here are likely to be other specific “specialised” settings 
that may arguably be regarded as mass gatherings.  
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Conclusion 
 
In conclusion there is limited data indicating that mass gatherings are associated with 
influenza transmission and this theme is continued with the inclusion of new evidence for 
the update. Certain unique events such as the Hajj, specialised settings including civilian 
and military ships- a new theme for this update, indoor venues and crowded outdoor 
venues provide the primary evidence base to suggest mass gatherings can be 
associated with Influenza outbreaks. Some evidence suggests that restricting mass 
gatherings together with other social distancing measures may help to reduce 
transmission.  However, the evidence is still not strong enough to warrant advocating 
legislated restrictions. Therefore, in a pandemic situation a cautious policy of voluntary 
avoidance of mass gatherings would is still the most prudent message. Operational 
considerations including practical implications of policy directed at restricting mass 
gathering events should be carefully considered.  
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Appendix 1 Search terms for PubMed database search  
 
The following terms were combined to conduct a global search on PubMed on 07 
December 2012. 
 

Search Query Items found 

#38 Search (#17) AND #37 989 

#37 Search ((((((((((((((((((#18) OR #19) OR #20) OR #21) OR #22) OR #23) OR #24) OR #25) OR #26) 
OR #27) OR #28) OR #29) OR #30) OR #31) OR #32) OR #33) OR #34) OR #35) OR #36 

45537 

#36 Search ship* 18574 

#35 Search cruise* 1366 

#34 Search "world cup" 290 

#33 Search games 8111 

#32 Search (festival*) OR festival 3810 

#31 Search (championship*) OR championship 779 

#30 Search haji 402 

#29 Search olympics 600 

#28 Search "big event" 7 

#27 Search "mass event" 10 

#26 Search "large event" 23 

#25 Search (crowd) OR crowd* 11502 

#24 Search "large crowd" 4 

#23 Search "public event" 36 

#22 Search "social event" 85 

#21 Search "social gathering" 27 

#20 Search distancing 715 

#19 Search "public gathering" 14 

#18 Search "mass gathering" 131 

#17 Search (((((((((((((((#1) OR #2) OR #3) OR #4) OR #5) OR #6) OR #7) OR #8) OR #9) OR #10) OR 
#11) OR #12) OR #13) OR #14) OR #15) OR #16 

364707 

#16 Search "respiratory syncytial virus" 9064 

#15 Search ((("parainfluenza") OR "parainfluenza*") OR "parainfluenza virus") OR "parainfluenza 
virus*" 

6287 

#14 Search "ILI" 865 

#13 Search "flu like" 1961 

#12 Search flu-like 1961 

#11 Search (tuberculosis) OR tuberculosis* 200549 

#10 Search "acute respiratory tract infection" 307 

#9 Search "acute respiratory infection" 894 

#8 Search sars 6490 

#7 Search "severe acute respiratory syndrome" 5231 
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Search Query Items found 

#6 Search (coronavirus) OR coronavirus* 9759 

#5 Search (adenovirus) OR adenovirus* 44177 

#4 Search (rhinovirus) OR rhinovirus* 3877 

#3 Search "common cold" 4559 

#2 Search flu 43356 

#1 Search Influenza* 89083 

 
 
Full global search generated on PubMed including MeSH terms 
 
((((((((((((((((influenza[All Fields] OR influenza/'bird[All Fields] OR influenza/2009[All Fields] OR influenza/a[All 
Fields] OR influenza/a/equi[All Fields] OR influenza/a/equine/miami/1/63[All Fields] OR 
influenza/a/equine/prague/1/56[All Fields] OR influenza/a/new[All Fields] OR influenza/a/vietnam[All Fields] OR 
influenza/a/vietnam/1203/04[All Fields] OR influenza/a/wsn[All Fields] OR influenza/acute[All Fields] OR 
influenza/advances[All Fields] OR influenza/agglutination[All Fields] OR influenza/allergy[All Fields] OR 
influenza/antiserum[All Fields] OR influenza/atypical[All Fields] OR influenza/avian[All Fields] OR influenza/b[All 
Fields] OR influenza/bacilli[All Fields] OR influenza/bird[All Fields] OR influenza/blood[All Fields] OR 
influenza/bronchitis[All Fields] OR influenza/case[All Fields] OR influenza/climatological[All Fields] OR 
influenza/cold[All Fields] OR influenza/common[All Fields] OR influenza/complications[All Fields] OR 
influenza/copd[All Fields] OR influenza/diagnosis[All Fields] OR influenza/differential[All Fields] OR 
influenza/economics[All Fields] OR influenza/eldkwa[All Fields] OR influenza/embryology[All Fields] OR 
influenza/epidemic[All Fields] OR influenza/epidemiol[All Fields] OR influenza/epidemiology[All Fields] OR 
influenza/equine[All Fields] OR influenza/etiology[All Fields] OR influenza/experimental[All Fields] OR 
influenza/fever[All Fields] OR influenza/flu[All Fields] OR influenza/h5n1[All Fields] OR influenza/haemophilus[All 
Fields] OR influenza/hemophilus[All Fields] OR influenza/history[All Fields] OR influenza/ili[All Fields] OR 
influenza/immunity[All Fields] OR influenza/immunization[All Fields] OR influenza/immunology[All Fields] OR 
influenza/in[All Fields] OR influenza/influenza[All Fields] OR influenza/manifestations[All Fields] OR 
influenza/meningitis[All Fields] OR influenza/neural[All Fields] OR influenza/novel[All Fields] OR 
influenza/parainfluenza[All Fields] OR influenza/parainfluenzavirus[All Fields] OR influenza/pathology[All Fields] 
OR influenza/physiology[All Fields] OR influenza/pig[All Fields] OR influenza/pneumococcal[All Fields] OR 
influenza/pneumonia[All Fields] OR influenza/pneumonia/bronchitis[All Fields] OR influenza/pneumonic[All Fields] 
OR influenza/prevention[All Fields] OR influenza/psychology[All Fields] OR influenza/puerto[All Fields] OR 
influenza/radiography[All Fields] OR influenza/reinfection[All Fields] OR influenza/research[All Fields] OR 
influenza/respiratorische[All Fields] OR influenza/respiratory[All Fields] OR influenza/review[All Fields] OR 
influenza/rsv[All Fields] OR influenza/s[All Fields] OR influenza/serodiagnosis[All Fields] OR influenza/severe[All 
Fields] OR influenza/shipboard[All Fields] OR influenza/simulating[All Fields] OR influenza/smallpox/sars[All 
Fields] OR influenza/statistics[All Fields] OR influenza/swine[All Fields] OR influenza/tb[All Fields] OR 
influenza/therapy[All Fields] OR influenza/transmission[All Fields] OR influenza/vaccination[All Fields] OR 
influenza/vaccine[All Fields] OR influenza/vaccines[All Fields] OR influenza/veterinary[All Fields] OR 
influenza/virus[All Fields] OR influenza/wsn[All Fields] OR influenza'[All Fields] OR influenza's[All Fields] OR 
influenza81[All Fields] OR influenzaa[All Fields] OR influenzaantikorper[All Fields] OR influenzaatoltottsagot[All 
Fields] OR influenzaausbruchen[All Fields] OR influenzaavirus[All Fields] OR influenzabakterien[All Fields] OR 
influenzabazillen[All Fields] OR influenzabilita[All Fields] OR influenzabirus[All Fields] OR influenzacenter[All 
Fields] OR influenzacentre[All Fields] OR influenzachultzimpfung[All Fields] OR influenzadiagnose[All Fields] OR 
influenzadiagnostik[All Fields] OR influenzae[All Fields] OR influenzae/aegypticus[All Fields] OR 
influenzae/chemistry[All Fields] OR influenzae/culture[All Fields] OR influenzae/effect[All Fields] OR 
influenzae/epidemic[All Fields] OR influenzae/genetics[All Fields] OR influenzae/h[All Fields] OR 
influenzae/haemophilus[All Fields] OR influenzae/immunology[All Fields] OR influenzae/infection[All Fields] OR 
influenzae/infections[All Fields] OR influenzae/metabolism[All Fields] OR influenzae/n[All Fields] OR 
influenzae/pharmacology[All Fields] OR influenzae/radiation[All Fields] OR influenzae/salmonellae/escherichia[All 
Fields] OR influenzae'nin[All Fields] OR influenzae's[All Fields] OR influenzaedisease[All Fields] OR 
influenzaeinfections[All Fields] OR influenzaelike[All Fields] OR influenzaemurium[All Fields] OR influenzaen[All 
Fields] OR influenzaepidemic[All Fields] OR influenzaepidemie[All Fields] OR influenzaepidemien[All Fields] OR 
influenzaepidemier[All Fields] OR influenzaeresistance[All Fields] OR influenzaesetek[All Fields] OR 
influenzaetype[All Fields] OR influenzageimpftes[All Fields] OR influenzagripp[All Fields] OR 
influenzahamagglutinins[All Fields] OR influenzahoz[All Fields] OR influenzai[All Fields] OR 
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influenzaimmuntherapie[All Fields] OR influenzaimpfquoten[All Fields] OR influenzaimpfstoff[All Fields] OR 
influenzaimpfstoffe[All Fields] OR influenzaimpfstoffen[All Fields] OR influenzaimpfung[All Fields] OR 
influenzaimpfungen[All Fields] OR influenzainfection[All Fields] OR influenzainfektion[All Fields] OR 
influenzainfektionen[All Fields] OR influenzajarvany[All Fields] OR influenzajarvanyban[All Fields] OR 
influenzajarvanyok[All Fields] OR influenzal[All Fields] OR influenzale[All Fields] OR influenzali[All Fields] OR 
influenzalignende[All Fields] OR influenzalike[All Fields] OR influenzameningitis[All Fields] OR influenzamento[All 
Fields] OR influenzando[All Fields] OR influenzanet[All Fields] OR influenzanin[All Fields] OR influenzano[All 
Fields] OR influenzanti[All Fields] OR influenzaoltasa[All Fields] OR influenzaonderzoek[All Fields] OR 
influenzapandemi[All Fields] OR influenzapandemie[All Fields] OR influenzapandemieen[All Fields] OR 
influenzapandemieplan[All Fields] OR influenzapandemieplanung[All Fields] OR influenzapneumoni[All Fields] OR 
influenzapneumonie[All Fields] OR influenzapreventie[All Fields] OR influenzaprophylaxe[All Fields] OR 
influenzaran[All Fields] OR influenzare[All Fields] OR influenzas[All Fields] OR influenzasaison[All Fields] OR 
influenzasaisons[All Fields] OR influenzaschutzimpfung[All Fields] OR influenzaschutzimpfungen[All Fields] OR 
influenzaseizoen[All Fields] OR influenzastamme[All Fields] OR influenzasterfte[All Fields] OR 
influenzastudien[All Fields] OR influenzasygdomme[All Fields] OR influenzaszezonban[All Fields] OR 
influenzata[All Fields] OR influenzate[All Fields] OR influenzati[All Fields] OR influenzatid[All Fields] OR 
influenzatiring[All Fields] OR influenzato[All Fields] OR influenzatop[All Fields] OR influenzavaccin[All Fields] OR 
influenzavaccinatie[All Fields] OR influenzavaccinatie'[All Fields] OR influenzavaccination[All Fields] OR 
influenzavaccinationer[All Fields] OR influenzavaccinationskampagnen[All Fields] OR influenzavaccine[All Fields] 
OR influenzavaccinen[All Fields] OR influenzavakzine[All Fields] OR influenzavakzinen[All Fields] OR 
influenzavien[All Fields] OR influenzaviren[All Fields] OR influenzavirsu[All Fields] OR influenzavirus[All Fields] 
OR influenzavirusantigen[All Fields] OR influenzaviruserkrankung[All Fields] OR influenzaviruserkrankungen[All 
Fields] OR influenzaviruses[All Fields] OR influenzavirusforschung[All Fields] OR influenzavirusgrippe[All Fields] 
OR influenzavirusimpfstoffen[All Fields] OR influenzavirusinfektion[All Fields] OR influenzavirusinfektionen[All 
Fields] OR influenzavirusok[All Fields] OR influenzaviruspartikel[All Fields] OR influenzaviruspneumonie[All 
Fields] OR influenzavirusrekombinanten[All Fields] OR influenzavirussen[All Fields] OR influenzavirusstamm[All 
Fields] OR influenzavirusstamme[All Fields] OR influenzavirusstammen[All Fields] OR influenzavirusstamn[All 
Fields] OR influenzavirustypen[All Fields] OR influenzavraagstuk[All Fields] OR influenzaya[All Fields]) OR 
("influenza, human"[MeSH Terms] OR ("influenza"[All Fields] AND "human"[All Fields]) OR "human influenza"[All 
Fields] OR "flu"[All Fields])) OR "common cold"[All Fields]) OR (("rhinovirus"[MeSH Terms] OR "rhinovirus"[All 
Fields]) OR (rhinovirus[All Fields] OR rhinovirus/analysis[All Fields] OR rhinovirus/chemistry[All Fields] OR 
rhinovirus/classification[All Fields] OR rhinovirus/coronavirus[All Fields] OR rhinovirus/enterovirus[All Fields] OR 
rhinovirus/enteroviruses[All Fields] OR rhinovirus/enzymology[All Fields] OR rhinovirus/genetics[All Fields] OR 
rhinovirus/immunology[All Fields] OR rhinovirus/metabolism[All Fields] OR rhinovirus/pathogenicity[All Fields] OR 
rhinovirus/physiology[All Fields] OR rhinovirus/pneumococcal[All Fields] OR rhinovirus/poliovirus[All Fields] OR 
rhinovirus/rsv[All Fields] OR rhinovirus/ultrastructure[All Fields] OR rhinovirus2[All Fields] OR rhinoviruses[All 
Fields] OR rhinoviruses/enteroviruses[All Fields] OR rhinovirusinfektionen[All Fields] OR rhinovirusstamm[All 
Fields] OR rhinovirustypen[All Fields]))) OR (("adenoviridae"[MeSH Terms] OR "adenoviridae"[All Fields] OR 
"adenovirus"[All Fields] OR "adenoviridae infections"[MeSH Terms] OR ("adenoviridae"[All Fields] AND 
"infections"[All Fields]) OR "adenoviridae infections"[All Fields]) OR (adenovirus[All Fields] OR 
adenovirus/293s[All Fields] OR adenovirus/adenoassociate[All Fields] OR adenovirus/cell[All Fields] OR 
adenovirus/chemistry[All Fields] OR adenovirus/culture[All Fields] OR adenovirus/cytomegalovirus[All Fields] OR 
adenovirus/dna[All Fields] OR adenovirus/enhanced[All Fields] OR adenovirus/fx[All Fields] OR 
adenovirus/ganciclovir[All Fields] OR adenovirus/gcv[All Fields] OR adenovirus/gp100[All Fields] OR 
adenovirus/green[All Fields] OR adenovirus/hamster[All Fields] OR adenovirus/herpes[All Fields] OR 
adenovirus/herpex[All Fields] OR adenovirus/hsv[All Fields] OR adenovirus/immunology[All Fields] OR 
adenovirus/metabolism[All Fields] OR adenovirus/mouse[All Fields] OR adenovirus/p53[All Fields] OR 
adenovirus/parainfluenza[All Fields] OR adenovirus/pharmacology[All Fields] OR adenovirus/plasmid[All Fields] 
OR adenovirus/plasmids[All Fields] OR adenovirus/pll[All Fields] OR adenovirus/pll/dna[All Fields] OR 
adenovirus/polycation[All Fields] OR adenovirus/polyethylenimine[All Fields] OR adenovirus/poxvirus[All Fields] 
OR adenovirus/psa[All Fields] OR adenovirus/rabbit[All Fields] OR adenovirus/rous[All Fields] OR 
adenovirus/simian[All Fields] OR adenovirus/sv40[All Fields] OR adenovirus/thymidine[All Fields] OR 
adenovirus'[All Fields] OR adenovirus's[All Fields] OR adenovirus12[All Fields] OR adenovirus3[All Fields] OR 
adenovirus5[All Fields] OR adenovirusa[All Fields] OR adenovirusakh[All Fields] OR adenovirusam[All Fields] OR 
adenovirusami[All Fields] OR adenovirusamy[All Fields] OR adenovirusanoi[All Fields] OR 
adenovirusdiagnostik[All Fields] OR adenoviruse[All Fields] OR adenovirusem[All Fields] OR adenovirusen[All 
Fields] OR adenovirusenovirus[All Fields] OR adenovirusepidemi[All Fields] OR adenovirusepidemie[All Fields] 
OR adenoviruses[All Fields] OR adenoviruseses[All Fields] OR adenovirusesin[All Fields] OR 
adenovirusgruppe[All Fields] OR adenovirusgruppenantigenen[All Fields] OR adenovirushexone[All Fields] OR 
adenovirushykh[All Fields] OR adenovirusi[All Fields] OR adenovirusima[All Fields] OR 
adenovirusindutsirovannykh[All Fields] OR adenovirusinfeksjon[All Fields] OR adenovirusinfeksjoner[All Fields] 
OR adenovirusinfekt[All Fields] OR adenovirusinfektion[All Fields] OR adenovirusinfektionen[All Fields] OR 
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adenovirusite[All Fields] OR adenovirusiv[All Fields] OR adenoviruskeratokonjunktivitis[All Fields] OR 
adenoviruskonjunktivitis[All Fields] OR adenoviruslacz[All Fields] OR adenoviruslarin[All Fields] OR 
adenovirusm[All Fields] OR adenovirusmediated[All Fields] OR adenovirusmnsod[All Fields] OR adenovirusna[All 
Fields] OR adenovirusnaia[All Fields] OR adenovirusne[All Fields] OR adenovirusni[All Fields] OR 
adenovirusnih[All Fields] OR adenovirusnii[All Fields] OR adenovirusnim[All Fields] OR adenovirusnite[All Fields] 
OR adenovirusno[All Fields] OR adenovirusnoe[All Fields] OR adenovirusnog[All Fields] OR adenovirusnogo[All 
Fields] OR adenovirusnoi[All Fields] OR adenovirusnom[All Fields] OR adenovirusnomu[All Fields] OR 
adenovirusnye[All Fields] OR adenovirusnyi[All Fields] OR adenovirusnykh[All Fields] OR adenovirusnym[All 
Fields] OR adenovirusnymi[All Fields] OR adenovirusok[All Fields] OR adenovirusom[All Fields] OR 
adenovirusov[All Fields] OR adenovirusove[All Fields] OR adenovirusoveho[All Fields] OR adenovirusovych[All 
Fields] OR adenoviruspanophthalmie[All Fields] OR adenoviruspneumonie[All Fields] OR 
adenoviruspneumonien[All Fields] OR adenoviruspneumopathien[All Fields] OR adenovirusra[All Fields] OR 
adenovirussen[All Fields] OR adenovirusstamme[All Fields] OR adenovirusstammen[All Fields] OR 
adenovirusten[All Fields] OR adenovirustutkimusten[All Fields] OR adenovirustyp[All Fields] OR 
adenovirustypen[All Fields] OR adenovirusu[All Fields] OR adenovirusului[All Fields] OR adenovirusuri[All Fields] 
OR adenovirusurile[All Fields] OR adenovirusus[All Fields] OR adenovirusy[All Fields]))) OR 
(("coronavirus"[MeSH Terms] OR "coronavirus"[All Fields]) OR (coronavirus[All Fields] OR 
coronavirus/ceacam1[All Fields] OR coronavirus/chemistry[All Fields] OR coronavirus/classification[All Fields] OR 
coronavirus/enzymology[All Fields] OR coronavirus/escherichia[All Fields] OR coronavirus/feline[All Fields] OR 
coronavirus/genetics[All Fields] OR coronavirus/immunology[All Fields] OR coronavirus/metabolism[All Fields] OR 
coronavirus/pathogenicity[All Fields] OR coronavirus/physiology[All Fields] OR coronavirus/polyethylenimine[All 
Fields] OR coronavirus/sialodacryoadenitis[All Fields] OR coronavirus/ultrastructure[All Fields] OR coronavirus'[All 
Fields] OR coronavirus's[All Fields] OR coronavirusapplikation[All Fields] OR coronaviruse[All Fields] OR 
coronaviruses[All Fields] OR coronaviruses'[All Fields] OR coronavirusinfektion[All Fields] OR 
coronavirusinfektionen[All Fields] OR coronaviruslike[All Fields] OR coronavirusreplikation[All Fields] OR 
coronavirussen[All Fields] OR coronavirusurile[All Fields]))) OR "severe acute respiratory syndrome"[All Fields]) 
OR sars[All Fields]) OR "acute respiratory infection"[All Fields]) OR "acute respiratory tract infection"[All Fields]) 
OR (("tuberculosis"[MeSH Terms] OR "tuberculosis"[All Fields]) OR (tuberculosis[All Fields] OR 
tuberculosis/100000[All Fields] OR tuberculosis/abdominal[All Fields] OR tuberculosis/acne[All Fields] OR 
tuberculosis/acquired[All Fields] OR tuberculosis/acute[All Fields] OR tuberculosis/age[All Fields] OR 
tuberculosis/aids[All Fields] OR tuberculosis/algiers[All Fields] OR tuberculosis/allergy[All Fields] OR 
tuberculosis/aluminum[All Fields] OR tuberculosis/among[All Fields] OR tuberculosis/anatomy[All Fields] OR 
tuberculosis/and[All Fields] OR tuberculosis/antibiotics[All Fields] OR tuberculosis/antigens[All Fields] OR 
tuberculosis/aphorisms[All Fields] OR tuberculosis/arrested[All Fields] OR tuberculosis/associated[All Fields] OR 
tuberculosis/associations[All Fields] OR tuberculosis/asthma[All Fields] OR tuberculosis/atabrine[All Fields] OR 
tuberculosis/atypical[All Fields] OR tuberculosis/avian[All Fields] OR tuberculosis/avium[All Fields] OR 
tuberculosis/ayurveda[All Fields] OR tuberculosis/b[All Fields] OR tuberculosis/bacteremia[All Fields] OR 
tuberculosis/bacteriology[All Fields] OR tuberculosis/bcg[All Fields] OR tuberculosis/bed[All Fields] OR 
tuberculosis/bibliography[All Fields] OR tuberculosis/biochemistry[All Fields] OR tuberculosis/bladder[All Fields] 
OR tuberculosis/blood[All Fields] OR tuberculosis/body[All Fields] OR tuberculosis/bones[All Fields] OR 
tuberculosis/bovine[All Fields] OR tuberculosis/bovis[All Fields] OR tuberculosis/brazil[All Fields] OR 
tuberculosis/british[All Fields] OR tuberculosis/bronchi[All Fields] OR tuberculosis/bronchogenic[All Fields] OR 
tuberculosis/bronchopneumonia[All Fields] OR tuberculosis/bronchoscopy[All Fields] OR 
tuberculosis/brucellosis[All Fields] OR tuberculosis/calciferol[All Fields] OR tuberculosis/calcification[All Fields] 
OR tuberculosis/calmette[All Fields] OR tuberculosis/canine[All Fields] OR tuberculosis/cardiac[All Fields] OR 
tuberculosis/cardiovascular[All Fields] OR tuberculosis/care[All Fields] OR tuberculosis/case[All Fields] OR 
tuberculosis/cavities[All Fields] OR tuberculosis/cavity[All Fields] OR tuberculosis/cecal[All Fields] OR 
tuberculosis/cerebrospinal[All Fields] OR tuberculosis/cervical[All Fields] OR tuberculosis/chemistry[All Fields] OR 
tuberculosis/chemotherapy[All Fields] OR tuberculosis/chest[All Fields] OR tuberculosis/chorioma[All Fields] OR 
tuberculosis/chronic[All Fields] OR tuberculosis/classification[All Fields] OR tuberculosis/climatology[All Fields] 
OR tuberculosis/climatotherapy[All Fields] OR tuberculosis/clinical[All Fields] OR tuberculosis/clinics[All Fields] 
OR tuberculosis/coal[All Fields] OR tuberculosis/collapse[All Fields] OR tuberculosis/college[All Fields] OR 
tuberculosis/combat[All Fields] OR tuberculosis/combined[All Fields] OR tuberculosis/complications[All Fields] OR 
tuberculosis/concurrent[All Fields] OR tuberculosis/congenital[All Fields] OR tuberculosis/congresses[All Fields] 
OR tuberculosis/consistent[All Fields] OR tuberculosis/constitution[All Fields] OR tuberculosis/contacts[All Fields] 
OR tuberculosis/contagiosity[All Fields] OR tuberculosis/control[All Fields] OR tuberculosis/culture[All Fields] OR 
tuberculosis/cure[All Fields] OR tuberculosis/cures[All Fields] OR tuberculosis/cutaneous[All Fields] OR 
tuberculosis/denmark[All Fields] OR tuberculosis/dental[All Fields] OR tuberculosis/determination[All Fields] OR 
tuberculosis/diagnosis[All Fields] OR tuberculosis/diaminodiphenylsulfone[All Fields] OR tuberculosis/diet[All 
Fields] OR tuberculosis/dietetics[All Fields] OR tuberculosis/differential[All Fields] OR 
tuberculosis/disseminated[All Fields] OR tuberculosis/early[All Fields] OR tuberculosis/economic[All Fields] OR 
tuberculosis/economics[All Fields] OR tuberculosis/education[All Fields] OR tuberculosis/effect[All Fields] OR 
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tuberculosis/effects[All Fields] OR tuberculosis/electrophoresis[All Fields] OR tuberculosis/emotional[All Fields] 
OR tuberculosis/employment[All Fields] OR tuberculosis/empyema[All Fields] OR tuberculosis/endemic[All Fields] 
OR tuberculosis/endobronchial[All Fields] OR tuberculosis/endocrine[All Fields] OR tuberculosis/endometric[All 
Fields] OR tuberculosis/enzymes[All Fields] OR tuberculosis/enzymology[All Fields] OR 
tuberculosis/epidemiology[All Fields] OR tuberculosis/erythema[All Fields] OR tuberculosis/ethnology[All Fields] 
OR tuberculosis/etiology[All Fields] OR tuberculosis/eugenic[All Fields] OR tuberculosis/examination[All Fields] 
OR tuberculosis/experiment[All Fields] OR tuberculosis/experimental[All Fields] OR tuberculosis/expyema[All 
Fields] OR tuberculosis/extracts[All Fields] OR tuberculosis/extrapulmonary[All Fields] OR 
tuberculosis/extrauterine[All Fields] OR tuberculosis/eyes[All Fields] OR tuberculosis/fallopian[All Fields] OR 
tuberculosis/familial[All Fields] OR tuberculosis/family[All Fields] OR tuberculosis/fistula[All Fields] OR 
tuberculosis/fluids[All Fields] OR tuberculosis/forensic[All Fields] OR tuberculosis/france[All Fields] OR 
tuberculosis/from[All Fields] OR tuberculosis/fulminating[All Fields] OR tuberculosis/gastric[All Fields] OR 
tuberculosis/genetics[All Fields] OR tuberculosis/genitourinary[All Fields] OR tuberculosis/geriatric[All Fields] OR 
tuberculosis/germany[All Fields] OR tuberculosis/glandulopulmonary[All Fields] OR tuberculosis/gold[All Fields] 
OR tuberculosis/hansen's[All Fields] OR tuberculosis/heart[All Fields] OR tuberculosis/hematogenous[All Fields] 
OR tuberculosis/hemoptysis[All Fields] OR tuberculosis/hepatic[All Fields] OR tuberculosis/heredity[All Fields] OR 
tuberculosis/high[All Fields] OR tuberculosis/hilus[All Fields] OR tuberculosis/histopathology[All Fields] OR 
tuberculosis/history[All Fields] OR tuberculosis/hiv[All Fields] OR tuberculosis/hiv/aids[All Fields] OR 
tuberculosis/home[All Fields] OR tuberculosis/hospitals[All Fields] OR tuberculosis/human[All Fields] OR 
tuberculosis/hypernephroma[All Fields] OR tuberculosis/hypotheses[All Fields] OR tuberculosis/immunity[All 
Fields] OR tuberculosis/immunology[All Fields] OR tuberculosis/impregnancy[All Fields] OR tuberculosis/in[All 
Fields] OR tuberculosis/inapparent[All Fields] OR tuberculosis/india[All Fields] OR tuberculosis/indolent[All Fields] 
OR tuberculosis/industrial[All Fields] OR tuberculosis/infection[All Fields] OR tuberculosis/infectivity[All Fields] OR 
tuberculosis/inhibition[All Fields] OR tuberculosis/initial[All Fields] OR tuberculosis/inoculation[All Fields] OR 
tuberculosis/institutes[All Fields] OR tuberculosis/insurance[All Fields] OR tuberculosis/intestinal[All Fields] OR 
tuberculosis/intravenous[All Fields] OR tuberculosis/iron[All Fields] OR tuberculosis/isle[All Fields] OR 
tuberculosis/italy[All Fields] OR tuberculosis/jamaica[All Fields] OR tuberculosis/japan[All Fields] OR 
tuberculosis/journals[All Fields] OR tuberculosis/jurisprudence[All Fields] OR tuberculosis/kidney[All Fields] OR 
tuberculosis/korean[All Fields] OR tuberculosis/laboratory[All Fields] OR tuberculosis/landouzy's[All Fields] OR 
tuberculosis/larynx[All Fields] OR tuberculosis/late[All Fields] OR tuberculosis/latent[All Fields] OR 
tuberculosis/legislation[All Fields] OR tuberculosis/leprae[All Fields] OR tuberculosis/leprosy[All Fields] OR 
tuberculosis/leukemia[All Fields] OR tuberculosis/lobectomy[All Fields] OR tuberculosis/lobular[All Fields] OR 
tuberculosis/m[All Fields] OR tuberculosis/manifestation[All Fields] OR tuberculosis/manifestations[All Fields] OR 
tuberculosis/medical[All Fields] OR tuberculosis/meetings[All Fields] OR tuberculosis/meningeal[All Fields] OR 
tuberculosis/mental[All Fields] OR tuberculosis/metabolism[All Fields] OR tuberculosis/microbiology[All Fields] OR 
tuberculosis/miliary[All Fields] OR tuberculosis/military[All Fields] OR tuberculosis/minimal[All Fields] OR 
tuberculosis/morbidity[All Fields] OR tuberculosis/mortality[All Fields] OR tuberculosis/multiple[All Fields] OR 
tuberculosis/muscles[All Fields] OR tuberculosis/mycobacteriology[All Fields] OR tuberculosis/mycobacteriosis[All 
Fields] OR tuberculosis/mycobacterium[All Fields] OR tuberculosis/myeloid[All Fields] OR 
tuberculosis/myocarditis[All Fields] OR tuberculosis/national[All Fields] OR tuberculosis/nephrectomy[All Fields] 
OR tuberculosis/nontuberculous[All Fields] OR tuberculosis/norway[All Fields] OR tuberculosis/not[All Fields] OR 
tuberculosis/nursing[All Fields] OR tuberculosis/nutrition[All Fields] OR tuberculosis/occupational[All Fields] OR 
tuberculosis/occupations[All Fields] OR tuberculosis/of[All Fields] OR tuberculosis/open[All Fields] OR 
tuberculosis/orificialis[All Fields] OR tuberculosis/orthopedic[All Fields] OR tuberculosis/orthopedics[All Fields] OR 
tuberculosis/osteoarthritic[All Fields] OR tuberculosis/osteoarthritis[All Fields] OR tuberculosis/osteoarticular[All 
Fields] OR tuberculosis/pain[All Fields] OR tuberculosis/pancreas[All Fields] OR tuberculosis/paraganglion[All 
Fields] OR tuberculosis/paranasal[All Fields] OR tuberculosis/parasitology[All Fields] OR 
tuberculosis/pathogenesis[All Fields] OR tuberculosis/pathogenicity[All Fields] OR tuberculosis/pathology[All 
Fields] OR tuberculosis/patient[All Fields] OR tuberculosis/patient's[All Fields] OR tuberculosis/periodicals[All 
Fields] OR tuberculosis/perivisceritis[All Fields] OR tuberculosis/peru[All Fields] OR tuberculosis/pharmacology[All 
Fields] OR tuberculosis/pharynx[All Fields] OR tuberculosis/phrenic[All Fields] OR tuberculosis/physiology[All 
Fields] OR tuberculosis/physiopathology[All Fields] OR tuberculosis/pleurisy[All Fields] OR 
tuberculosis/pneumolysis[All Fields] OR tuberculosis/pneumonia[All Fields] OR 
tuberculosis/pneumoperitoneum[All Fields] OR tuberculosis/porcine[All Fields] OR tuberculosis/postsanatorium[All 
Fields] OR tuberculosis/postwar[All Fields] OR tuberculosis/pregnancy[All Fields] OR tuberculosis/preparation[All 
Fields] OR tuberculosis/prevention[All Fields] OR tuberculosis/preventoriums[All Fields] OR 
tuberculosis/primary[All Fields] OR tuberculosis/prognosis[All Fields] OR tuberculosis/progress[All Fields] OR 
tuberculosis/prophit[All Fields] OR tuberculosis/protein[All Fields] OR tuberculosis/prothrombin[All Fields] OR 
tuberculosis/pseudomembranous[All Fields] OR tuberculosis/psychiatric[All Fields] OR 
tuberculosis/psychological[All Fields] OR tuberculosis/psychology[All Fields] OR tuberculosis/psychosomatic[All 
Fields] OR tuberculosis/public[All Fields] OR tuberculosis/pulmonary[All Fields] OR tuberculosis/quiescent[All 
Fields] OR tuberculosis/racial[All Fields] OR tuberculosis/radiography[All Fields] OR tuberculosis/radiotherapy[All 
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Fields] OR tuberculosis/reactivation[All Fields] OR tuberculosis/record[All Fields] OR tuberculosis/rectovaginal[All 
Fields] OR tuberculosis/reduction[All Fields] OR tuberculosis/rehabilitation[All Fields] OR 
tuberculosis/reinfection[All Fields] OR tuberculosis/renal[All Fields] OR tuberculosis/research[All Fields] OR 
tuberculosis/resistance[All Fields] OR tuberculosis/reveals[All Fields] OR tuberculosis/rheumatology[All Fields] 
OR tuberculosis/rib[All Fields] OR tuberculosis/rifampicin[All Fields] OR tuberculosis/rifampin[All Fields] OR 
tuberculosis/roentgenography[All Fields] OR tuberculosis/sanatoriums[All Fields] OR tuberculosis/sanitariums[All 
Fields] OR tuberculosis/sanitoriums[All Fields] OR tuberculosis/secondary[All Fields] OR tuberculosis/sequelae[All 
Fields] OR tuberculosis/serodiagnosis[All Fields] OR tuberculosis/serology[All Fields] OR tuberculosis/serum[All 
Fields] OR tuberculosis/silicosis[All Fields] OR tuberculosis/sinuses[All Fields] OR tuberculosis/skin[All Fields] OR 
tuberculosis/social[All Fields] OR tuberculosis/society[All Fields] OR tuberculosis/sociology[All Fields] OR 
tuberculosis/south[All Fields] OR tuberculosis/specialism[All Fields] OR tuberculosis/specialization[All Fields] OR 
tuberculosis/spread[All Fields] OR tuberculosis/sputum[All Fields] OR tuberculosis/state[All Fields] OR 
tuberculosis/statistics[All Fields] OR tuberculosis/streptomycin[All Fields] OR tuberculosis/student[All Fields] OR 
tuberculosis/superinfection[All Fields] OR tuberculosis/surgery[All Fields] OR tuberculosis/surgical[All Fields] OR 
tuberculosis/survey[All Fields] OR tuberculosis/surveys[All Fields] OR tuberculosis/teaching[All Fields] OR 
tuberculosis/teeth[All Fields] OR tuberculosis/temperature[All Fields] OR tuberculosis/terminal[All Fields] OR 
tuberculosis/test[All Fields] OR tuberculosis/tests[All Fields] OR tuberculosis/therapy[All Fields] OR 
tuberculosis/thromboembolism[All Fields] OR tuberculosis/thyroid[All Fields] OR tuberculosis/tongue[All Fields] 
OR tuberculosis/tracheobronchial[All Fields] OR tuberculosis/transmission[All Fields] OR 
tuberculosis/transplant[All Fields] OR tuberculosis/treatment[All Fields] OR tuberculosis/tubercuin[All Fields] OR 
tuberculosis/tuberculin[All Fields] OR tuberculosis/tumors[All Fields] OR tuberculosis/ultrasonography[All Fields] 
OR tuberculosis/undulant[All Fields] OR tuberculosis/urinary[All Fields] OR tuberculosis/urine[All Fields] OR 
tuberculosis/urogenital[All Fields] OR tuberculosis/uropoietic[All Fields] OR tuberculosis/vaccination[All Fields] OR 
tuberculosis/vaccine[All Fields] OR tuberculosis/variability[All Fields] OR tuberculosis/veterans[All Fields] OR 
tuberculosis/veterinary[All Fields] OR tuberculosis/viability[All Fields] OR tuberculosis/vih[All Fields] OR 
tuberculosis/virology[All Fields] OR tuberculosis/virulence[All Fields] OR tuberculosis/war[All Fields] OR 
tuberculosis/yr[All Fields] OR tuberculosis'[All Fields] OR tuberculosis''[All Fields] OR tuberculosis'e[All Fields] OR 
tuberculosis'in[All Fields] OR tuberculosis's[All Fields] OR tuberculosis1[All Fields] OR tuberculosisa[All Fields] 
OR tuberculosisamong[All Fields] OR tuberculosisanak[All Fields] OR tuberculosisand[All Fields] OR 
tuberculosisarol[All Fields] OR tuberculosisban[All Fields] OR tuberculosiscells[All Fields] OR 
tuberculosisdeltanadabc[All Fields] OR tuberculosisdeltard1[All Fields] OR tuberculosise[All Fields] OR 
tuberculosisfolylpolyglutamate[All Fields] OR tuberculosish[All Fields] OR tuberculosish37rv[All Fields] OR 
tuberculosisin[All Fields] OR tuberculosisis[All Fields] OR tuberculosislike[All Fields] OR tuberculosislpdc[All 
Fields] OR tuberculosismce[All Fields] OR tuberculosismtra[All Fields] OR tuberculosisos[All Fields] OR 
tuberculosispolymerase[All Fields] OR tuberculosispulmonar[All Fields] OR tuberculosispyridoxine[All Fields] OR 
tuberculosisrol[All Fields] OR tuberculosiss[All Fields] OR tuberculosissigma[All Fields] OR 
tuberculosissurgicalpatients[All Fields] OR tuberculosist[All Fields] OR tuberculosistb[All Fields] OR 
tuberculosisthrough[All Fields] OR tuberculosistypus[All Fields] OR tuberculosisuniversal[All Fields] OR 
tuberculosiswhich[All Fields]))) OR flu-like[All Fields]) OR "flu like"[All Fields]) OR "ILI"[All Fields]) OR 
((("parainfluenza"[All Fields] OR "parainfluenza*"[All Fields]) OR "parainfluenza virus"[All Fields]) OR 
"parainfluenza virus*"[All Fields])) OR "respiratory syncytial virus"[All Fields]) AND (((((((((((((((((("mass 
gathering"[All Fields] OR "public gathering"[All Fields]) OR distancing[All Fields]) OR "social gathering"[All Fields]) 
OR "social event"[All Fields]) OR "public event"[All Fields]) OR "large crowd"[All Fields]) OR (("crowding"[MeSH 
Terms] OR "crowding"[All Fields] OR "crowd"[All Fields]) OR (crowd[All Fields] OR crowd'[All Fields] OR 
crowd's[All Fields] OR crowde[All Fields] OR crowded[All Fields] OR crowded/cluttered[All Fields] OR 
crowded/dysplastic[All Fields] OR crowded/uncrowded[All Fields] OR crowded'[All Fields] OR crowdedcellular[All 
Fields] OR crowdedness[All Fields] OR crowdedness'[All Fields] OR crowdemw[All Fields] OR crowden[All Fields] 
OR crowder[All Fields] OR crowder's[All Fields] OR crowderm[All Fields] OR crowders[All Fields] OR crowders'[All 
Fields] OR crowdes[All Fields] OR crowdfunding[All Fields] OR crowdhydrology[All Fields] OR crowdiness[All 
Fields] OR crowding[All Fields] OR crowding/compromised[All Fields] OR crowding/confinement[All Fields] OR 
crowding/dehydrating[All Fields] OR crowding/exposure[All Fields] OR crowding/hindrance[All Fields] OR 
crowding/inconvenience[All Fields] OR crowding/maleruption[All Fields] OR crowding/mixing[All Fields] OR 
crowding/no[All Fields] OR crowding/overlapping[All Fields] OR crowding/physiology[All Fields] OR 
crowding/physiopathology[All Fields] OR crowding/psychology[All Fields] OR crowding/siblings[All Fields] OR 
crowding/spacing[All Fields] OR crowding/spacing/overbite/overjet/open[All Fields] OR crowding'[All Fields] OR 
crowding's[All Fields] OR crowdings[All Fields] OR crowdion[All Fields] OR crowdion's[All Fields] OR 
crowdions[All Fields] OR crowdness[All Fields] OR crowdout[All Fields] OR crowdrin[All Fields] OR crowds[All 
Fields] OR crowds'[All Fields] OR crowdsource[All Fields] OR crowdsource'[All Fields] OR crowdsourced[All 
Fields] OR crowdsourcing[All Fields] OR crowdsourcing/methods[All Fields] OR crowdsourcing/utilization[All 
Fields] OR crowdsourcing'[All Fields] OR crowdus[All Fields] OR crowdy[All Fields] OR crowdyisp[All Fields]))) OR 
"large event"[All Fields]) OR "mass event"[All Fields]) OR "big event"[All Fields]) OR olympics[All Fields]) OR 
haji[All Fields]) OR ((championship[All Fields] OR championships[All Fields]) OR championship[All Fields])) OR 
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((festival[All Fields] OR festival'[All Fields] OR festival's[All Fields] OR festivale[All Fields] OR festivalgoers[All 
Fields] OR festivals[All Fields] OR festivals/fairs[All Fields] OR festivalskader[All Fields] OR festivalului[All Fields]) 
OR ("holidays"[MeSH Terms] OR "holidays"[All Fields] OR "festival"[All Fields]))) OR games[All Fields]) OR "world 
cup"[All Fields]) OR (cruise[All Fields] OR cruise'[All Fields] OR cruised[All Fields] OR cruiselines[All Fields] OR 
cruiser[All Fields] OR cruiser/standard[All Fields] OR cruiser'[All Fields] OR cruiser's[All Fields] OR 
cruisereports[All Fields] OR cruisers[All Fields] OR cruisers/destroyers[All Fields] OR cruises[All Fields] OR 
cruiseships[All Fields] OR cruiseskip[All Fields] OR cruisetech[All Fields])) OR (ship[All Fields] OR ship/00[All 
Fields] OR ship/bruton's[All Fields] OR ship/grb2/shc[All Fields] OR ship/pten/pi[All Fields] OR ship/rag[All Fields] 
OR ship/rig[All Fields] OR ship/shc[All Fields] OR ship/vessels[All Fields] OR ship'[All Fields] OR ship's[All Fields] 
OR ship0804[All Fields] OR ship1[All Fields] OR ship1/2[All Fields] OR ship1/akt[All Fields] OR ship1/cbl[All 
Fields] OR ship1/dok1[All Fields] OR ship1/el20[All Fields] OR ship1's[All Fields] OR ship145[All Fields] OR 
ship164[All Fields] OR ship1998[All Fields] OR ship2[All Fields] OR ship2'[All Fields] OR ship2's[All Fields] OR 
ship2a[All Fields] OR ship2shore[All Fields] OR ship36b[All Fields] OR ship723[All Fields] OR shipa[All Fields] OR 
shipachev[All Fields] OR shipacheva[All Fields] OR shipachov[All Fields] OR shipaeva[All Fields] OR shipager[All 
Fields] OR shipai[All Fields] OR shipakin[All Fields] OR shipakina[All Fields] OR shipakov[All Fields] OR 
shipala[All Fields] OR shipalana[All Fields] OR shipalov[All Fields] OR shipalpha[All Fields] OR shipami[All Fields] 
OR shipan[All Fields] OR shipanov[All Fields] OR shipanova[All Fields] OR shipar[All Fields] OR shiparski[All 
Fields] OR shipbarber[All Fields] OR shipbaugh[All Fields] OR shipbeta[All Fields] OR shipboard[All Fields] OR 
shipborne[All Fields] OR shipbottom[All Fields] OR shipbourne[All Fields] OR shipbreakers[All Fields] OR 
shipbreaking[All Fields] OR shipbuilder[All Fields] OR shipbuilders[All Fields] OR shipbuilding[All Fields] OR 
shipbuilding/repair/demolition[All Fields] OR shipbuilding/repairing[All Fields] OR shipcarpenter[All Fields] OR 
shipcarpenters[All Fields] OR shipchandler[All Fields] OR shipchinetskaia[All Fields] OR shipcht[All Fields] OR 
shipclark[All Fields] OR shipdelta[All Fields] OR shipdeltaip[All Fields] OR shipe[All Fields] OR shipek[All Fields] 
OR shipelin[All Fields] OR shipely[All Fields] OR shipem[All Fields] OR shipena[All Fields] OR shipeneva[All 
Fields] OR shipengrover[All Fields] OR shipengzcn[All Fields] OR shipenie[All Fields] OR shiper[All Fields] OR 
shiperfnoru[All Fields] OR shiperman[All Fields] OR shiperova[All Fields] OR shiperstein[All Fields] OR 
shiperto[All Fields] OR shipes[All Fields] OR shipetskaia[All Fields] OR shipfitter[All Fields] OR shipfitters[All 
Fields] OR shipfitters/pipefitters[All Fields] OR shipfts[All Fields] OR shipgood[All Fields] OR shiph150[All Fields] 
OR shipham[All Fields] OR shiphandling[All Fields] OR shipherd[All Fields] OR shiphineeva[All Fields] OR 
shiphira[All Fields] OR shiphon[All Fields] OR shiphorst[All Fields] OR shiphra[All Fields] OR shiphrah[All Fields] 
OR shipibo[All Fields] OR shipicina[All Fields] OR shipicyn[All Fields] OR shipigel[All Fields] OR shipigel'[All 
Fields] OR shipika[All Fields] OR shipikakh[All Fields] OR shipiki[All Fields] OR shipikina[All Fields] OR 
shipikom[All Fields] OR shipikov[All Fields] OR shipikovogo[All Fields] OR shipikovskikh[All Fields] OR 
shipikovykh[All Fields] OR shipil[All Fields] OR shipil'[All Fields] OR shipilaite[All Fields] OR shipilevskii[All Fields] 
OR shipilevsky[All Fields] OR shipilin[All Fields] OR shipilina[All Fields] OR shipillis[All Fields] OR shipilov[All 
Fields] OR shipilova[All Fields] OR shipilovskaia[All Fields] OR shipin[All Fields] OR shipina[All Fields] OR 
shipinduced[All Fields] OR shipinev[All Fields] OR shiping[All Fields] OR shipingba[All Fields] OR shipingchen[All 
Fields] OR shipingliu[All Fields] OR shipingwang719[All Fields] OR shipingy[All Fields] OR shipira[All Fields] OR 
shipiro[All Fields] OR shipitalo[All Fields] OR shipitcina[All Fields] OR shipitong[All Fields] OR shipitsin[All Fields] 
OR shipitsina[All Fields] OR shipitsyn[All Fields] OR shipitsyna[All Fields] OR shipitzyn[All Fields] OR shipjack[All 
Fields] OR shipka[All Fields] OR shipkey[All Fields] OR shipkin[All Fields] OR shipko[All Fields] OR shipkolye[All 
Fields] OR shipkora[All Fields] OR shipkov[All Fields] OR shipkova[All Fields] OR shipkovenska[All Fields] OR 
shipkovenski[All Fields] OR shipkovenskii[All Fields] OR shipkovich[All Fields] OR shipkovite[All Fields] OR 
shipkowitz[All Fields] OR shipkowski[All Fields] OR shipl'kin[All Fields] OR shiplacoff[All Fields] OR shiplash[All 
Fields] OR shiple[All Fields] OR shipler[All Fields] OR shiplet[All Fields] OR shipletsov[All Fields] OR shiplett[All 
Fields] OR shipletto[All Fields] OR shipley[All Fields] OR shipley's[All Fields] OR shipleya[All Fields] OR 
shipleyi[All Fields] OR shipleyv1[All Fields] OR shipliak[All Fields] OR shiplike[All Fields] OR shiplo[All Fields] OR 
shiploads[All Fields] OR shiplov[All Fields] OR shipman[All Fields] OR shipman's[All Fields] OR shipmanc[All 
Fields] OR shipmania[All Fields] OR shipmann[All Fields] OR shipmans[All Fields] OR shipmaster[All Fields] OR 
shipmasters[All Fields] OR shipmates[All Fields] OR shipmen[All Fields] OR shipment[All Fields] OR 
shipment's[All Fields] OR shipments[All Fields] OR shipmon[All Fields] OR shipner[All Fields] OR shipnev[All 
Fields] OR shipochka[All Fields] OR shipochliev[All Fields] OR shipokinskaia[All Fields] OR shipolini[All Fields] 
OR shipon[All Fields] OR shipony[All Fields] OR shipotko[All Fields] OR shipotofsky[All Fields] OR shipounova[All 
Fields] OR shipov[All Fields] OR shipova[All Fields] OR shipovalov[All Fields] OR shipovatogo[All Fields] OR 
shipovidnogo[All Fields] OR shipovidnykh[All Fields] OR shipovnik[All Fields] OR shipovnika[All Fields] OR 
shipovnikov[All Fields] OR shipovnikovogo[All Fields] OR shipovskaia[All Fields] OR shipovskii[All Fields] OR 
shipovskov[All Fields] OR shipowick[All Fields] OR shipowner[All Fields] OR shipowners[All Fields] OR shipp[All 
Fields] OR shipp's[All Fields] OR shippability[All Fields] OR shippable[All Fields] OR shippagan[All Fields] OR 
shippam[All Fields] OR shippan[All Fields] OR shipped[All Fields] OR shippee[All Fields] OR shippel[All Fields] 
OR shippelt[All Fields] OR shippen[All Fields] OR shippen's[All Fields] OR shippenberg[All Fields] OR 
shippensburg[All Fields] OR shipper[All Fields] OR shipper's[All Fields] OR shipperd[All Fields] OR shipperg[All 
Fields] OR shipperges[All Fields] OR shipperley[All Fields] OR shippers[All Fields] OR shippers'[All Fields] OR 
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shippert[All Fields] OR shippey[All Fields] OR shippi[All Fields] OR shipping[All Fields] OR shipping/animals[All 
Fields] OR shipping/boating[All Fields] OR shipping/distribution[All Fields] OR shipping/fishing[All Fields] OR 
shipping/maritime[All Fields] OR shipping/receipt[All Fields] OR shipping/receiving[All Fields] OR 
shipping/storage[All Fields] OR shipping/transfer[All Fields] OR shipping/transit[All Fields] OR shippingport[All 
Fields] OR shippling[All Fields] OR shippman[All Fields] OR shippo[All Fields] OR shippo1[All Fields] OR 
shippoh[All Fields] OR shippon[All Fields] OR shipponen[All Fields] OR shipps[All Fields] OR shippy[All Fields] 
OR shipquay[All Fields] OR shipra[All Fields] OR shipra22[All Fields] OR shiprabioinfo[All Fields] OR shiprack[All 
Fields] OR shipradeep[All Fields] OR shipramathurl[All Fields] OR shiprec[All Fields] OR shiprepairing[All Fields] 
OR shiprobokov[All Fields] OR shiprock[All Fields] OR ships[All Fields] OR ships/classification[All Fields] OR 
ships/diet[All Fields] OR ships/economics[All Fields] OR ships/ethics[All Fields] OR ships/history[All Fields] OR 
ships/hospitals[All Fields] OR ships/hygiene[All Fields] OR ships/instrumentation[All Fields] OR ships/lighting[All 
Fields] OR ships/manpower[All Fields] OR ships/medical[All Fields] OR ships/methods[All Fields] OR 
ships/portuguese[All Fields] OR ships/standards[All Fields] OR ships/submarines[All Fields] OR ships/venereal[All 
Fields] OR ships'[All Fields] OR shipsan[All Fields] OR shipsc[All Fields] OR shipscrapping[All Fields] OR 
shipsey[All Fields] OR shipshak[All Fields] OR shipshape[All Fields] OR shipside[All Fields] OR shipsim[All Fields] 
OR shipskie[All Fields] OR shipskii[All Fields] OR shipss[All Fields] OR shipstead[All Fields] OR shipster[All 
Fields] OR shipstome[All Fields] OR shipston[All Fields] OR shipstone[All Fields] OR shipt[All Fields] OR 
shipton[All Fields] OR shiptonea[All Fields] OR shiptonthorpe[All Fields] OR shiptrap[All Fields] OR shiptsy[All 
Fields] OR shiptz[All Fields] OR shipu[All Fields] OR shipuleva[All Fields] OR shipulin[All Fields] OR shipulina[All 
Fields] OR shipulo[All Fields] OR shipulya[All Fields] OR shipunov[All Fields] OR shipunova[All Fields] OR 
shipurkar[All Fields] OR shipwash[All Fields] OR shipwatch[All Fields] OR shipway[All Fields] OR shipwide[All 
Fields] OR shipwmm[All Fields] OR shipworl[All Fields] OR shipworm[All Fields] OR shipworms[All Fields] OR 
shipwornms[All Fields] OR shipworth[All Fields] OR shipwracke[All Fields] OR shipwreck[All Fields] OR 
shipwreck/life[All Fields] OR shipwrecked[All Fields] OR shipwrecks[All Fields] OR shipwright[All Fields] OR 
shipwright's[All Fields] OR shipwrights[All Fields] OR shipyard[All Fields] OR shipyard's[All Fields] OR 
shipyards[All Fields] OR shipyards'[All Fields] OR shipyeard[All Fields] OR shipytsin[All Fields] OR shipyward[All 
Fields])) 
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Appendix 2 Search terms for additional databases  
 
Search terms:  
 
For SCOPUS the following search strategy was adopted: flu OR influenza OR influenza* 
OR "respiratory infection" OR flu-like OR "respiratory viruses" AND "mass gathering" OR 
crowd OR "major event" OR "large crowd" OR "large event" OR "big event" OR "mass 
event" OR cruise* OR "naval ship" 
 
For EMBASE and CINAHL the following search strategy was adopted: flu OR influenza 
OR influenza* OR "respiratory infection" OR flu-like OR "respiratory viruses") AND 
("mass gathering" OR crowd OR "major event" OR "large crowd" OR "large event" OR 
"big event" OR "mass event" OR cruise*) 
 
 
Details of findings: 
 
SCOPUS: generated 71 articles. 2 excluded as had been found on PubMed. The 
remaining 69 were added to the list of titles considered for review. 
 
Excerpta Medica Database (EMBASE): Generated 35 results. 24 were excluded as 
had been found on PubMed. The remaining 11 were added to list of titles considered for 
review. 
  
The Cumulative Index to Nursing and Allied Health Literature (CINAHL): generated 
eight results. Five were excluded as had been found on PubMed, and one was also 
excluded as had been found on EMBASE. Three were included for review.  
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Appendix 3 Data extraction elements   
 
Study identity 
Title 

Author(s) 

Full reference (journal / year / page) 

 

Study characteristics 

What type of study 

Time period of study 

Setting 

Disease(s) studied 

 

Population 

• Participants 

• Eligibility criteria for the study 

• size and characteristics of groups (if any) 

 

Intervention 

• Restriction of mass gatherings? 

• Other intervention(s)? 

 

Outcome 

• Did study report specific outcomes and what were they? 

 

 

Other relevant details 

 

 

Assessment on eligibility for inclusion 

• Is study suitable for inclusion in the review? 

• If study excluded, why? 
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