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ABSTRACT Mass gatherings are attended by an increasingly global audience and thus raise the concern of 
possible acute public health risks not normally encountered by the host population. The potential acute risks 
to individual and population health include communicable diseases. The communicable disease risks include 
emerging and re-emerging diseases in host and visiting populations. In this review, we provide an overview of the 
literature on respiratory infections at mass gatherings, then describe the impact of novel coronavirus 2012 (nCoV), 
an emerging respiratory disease virus, on the preparations for mass gathering. Although, nCoV emerged prior to 
the 2012 Hajj pilgrimage season, Muslims completed their religious duty without acquiring infections by nCoV. 
Clearly, the global nature of mass gatherings and their potential risks to international health make it imperative 
that research on such events and guidelines produced for their management are relevant to diverse contexts and 
are a collaborative effort between global experts.

العداوى التنفسية الناشئة والفريوس التاجي اجلديد 2012 والتجمعات احلاشدة
جعفر التوفيق، كاثرين سمول وود، كاثرين أربثنوت، مامونار مالك، ماريزيو باربييش، زياد ميمش

اخلالصـة: تشهد التجمعات احلاشدة أعدادًا غفرية من احلضور من شتى أرجاء العامل مما يثري القلق من احتامل حدوث خماطر حادة عىل الصحة العامة 
ع احلاشد. ومن تلك املخاطر األمراض السارية، ومن بينها األمراض املستجدة واألمراض املنبعثة  ال تصادف عادًة يف السكان الذين يستضيفون التجمُّ
يف السكان املستضيفي ويف السكان الزائرين. ويستعرض الباحثون يف هذه املقالة جمموع ما ُنرِش حول العداوى التنفسية يف التجمعات احلاشدة، ثم 
ع احلاشد. وعىل الرغم من أن هذا  يصفون أثر الفريوس التاجي املستجّد 2012، وهو فريوس جديد يسبب مرضًا تنفسيًا، عىل االستعدادات للتجمُّ
الفريوس اجلديد قد ظهر قبل موسم احلج 2012، فإن احلّجاج قد استكملوا أداء شعائرهم دون أن يصابوا بالعدوى بذلك الفريوس، ومن الواضح 
أن الطبيعة العاملية للتجمعات احلاشدة وما قد حتمله من خماطر عىل الصحة الدولية جتعل من املحتم أن تتواءم البحوث املجراة حول مثل هذا احلدث 

والدالئل اإلرشادية الالزمة ملعاجلته مع خمتلف السياقات، وأن تكون حصيلة جهود تعاونية من ِقَبل خمتلف اخلرباء يف العامل.

Infections respiratoires émergentes, nouveau coronavirus 2012 et rassemblements de masse 

RÉSUMÉ Les rassemblements de masse réunissent un public de plus en plus mondial et soulèvent par conséquent 
des inquiétudes concernant des risques aigus potentiels pour la santé publique que la population hôte ne 
connaît pas habituellement. Les maladies transmissibles font partie des risques aigus potentiels pour la santé au 
niveau de l'individu et de la population. Les risques liés aux maladies transmissibles comprennent les affections 
émergentes ou réémergentes dans les populations hôtes et de passage. Dans la présente revue, nous proposons 
un aperçu de la littérature sur les infections respiratoires lors de rassemblements de masse, puis nous décrivons 
l'impact du nouveau coronavirus 2012, un virus respiratoire émergent, sur les préparatifs des rassemblements de 
masse. Toutefois, le nouveau coronavirus a sévi avant la saison du pèlerinage du Hadj de 2012 et les musulmans 
ont accompli leurs obligations religieuses sans contracter d'infection par ce virus. En clair, la nature mondiale 
des rassemblements de masse et les risques potentiels pour la santé internationale rendent impératif que la 
recherche sur de tels événements et les recommandations pour leur prise en charge soient adaptées aux divers 
contextes et soient le résultat d'une concertation d'experts mondiaux.
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Risks of infectious 
disease at mass 
gatherings

With the advent of more widely avail-
able air travel, mass gatherings are 
attended by an increasingly global audi-
ence [1]. This, combined with poten-
tially increased crowd numbers, raises 
the concern of possible acute public 
health risks. Some risks are common 
to most mass gatherings, but others are 
specific to a given gathering or crowd. 
The potential acute risks to individual 
and population health range from non-
communicable disease concerns, such 
as crush injuries [2], to infectious agents 
[3]. Minimizing the risk of communica-
ble diseases at mass gathering is there-
fore an important part of global health 
security. A mass gathering is defined 
by the World Health Organization 
(WHO) as an occasion that “attracts 
a sufficient number of people to strain 
the planning and response resources 
of a community, state or nation” [4]. 
It follows that mass gathering can be 
planned or spontaneous, and can be 
diverse in purpose, from music festivals 
and protests to large-scale religious 
events. At mass gatherings, communi-
cable disease risks include emerging and 
re-emerging diseases in host and visiting 
populations. The possible impact of 
such outbreaks during mass gathering 
is serious, potentially resulting in the 
dissemination of the disease to different 
countries upon the return of attendees 
to their countries of origin [5].

Concerns about communicable dis-
ease spread at a given mass gathering are 
focused on the problems of crowding, 
lack of sanitation and temporary food 
stalls, travel and movement of popula-
tion groups. Communicable disease 
threats may arise from pathogens with 
different modes of transmission, such 
as faeco–oral, vector-borne, zoonotic, 
sexually transmitted and bloodborne 
pathogens and these risks have been 
reviewed elsewhere [3]. One concern 

among host countries is the spread of 
respiratory disease. The risk of respira-
tory pathogen spread may, among other 
factors, depend on crowd density and 
length of stay, in addition to hygiene 
facilities and the capacity for diagnostics 
and appropriate isolation. The type of 
respiratory disease risk will be influ-
enced by the endemic disease patterns 
in the host and visiting nations, and by 
seasonality or climate [6]. The ability to 
detect and diagnose specific respiratory 
pathogens at mass gatherings depends 
on the participants seeking health care, 
ready access to health-care treatment 
facilities, and the availability of rapid lab-
oratory diagnostics to the health-care 
clinicians. The probability of a specific 
pathogen causing an epidemic among 
the participants at mass gathering de-
pends on the population immunity to 
the pathogen, the incubation period of a 
particular infectious agent before symp-
toms of disease emerge and the length 
of time the mass gathering participants 
are in close contact with each other. If an 
outbreak were to occur at a mass gather-
ing, there are potential implications for 
international public health and for the 
revised International Health Regulations 
[7]. Under Annex 2, the revised Regula-
tions outline criteria for the assessment 
and notification of potential public 
health events of international concern. 
These criteria may be influenced by the 
occurrence of a mass gathering.

To better prepare for the increased 
communicable disease threats, public 
health preparations for all mass gath-
erings should include a specific focus 
on enhanced disease surveillance and 
risk assessment. This extends from the 
local level of the mass gathering, to the 
national and international levels. For 
example, additional diseases, which are 
non-endemic in the host country but 
endemic in the visitors’ countries, may 
be included on “priority condition” lists 
for reporting. Furthermore, surveillance 
sites may be implemented at additional 
geographical locations, for example 
at ports of entry or around the mass 

gathering location. Laboratory capacity 
may also be strengthened to accommo-
date surge capacity and for diagnosis of 
non-endemic diseases.

A number of large mass gatherings 
took place in 2012, including the Olym-
pic Games in London, annual events 
such as the Hajj pilgrimage in Mecca 
and many spontaneous political rallies 
in countries of the Eastern Mediterra-
nean Region. The discovery of the novel 
coronavirus (nCoV), with evidence of 
human cases appearing approximately 
1 month before Hajj 2012, necessitated 
an iterative approach to risk assessment 
and management before, during and 
after the event.

Objectives of the review

This review, based on information up 
to March 2013, presents some of the 
issues surrounding emerging respiratory 
infections at mass gatherings, with a par-
ticular focus on nCoV and the Hajj. An 
overview of the literature on respiratory 
infections at mass gatherings is present-
ed, followed by a narrative describing the 
impact of nCoV, an emerging respira-
tory disease, on the preparations before, 
during and after Hajj 2012.

Viral respiratory 
infections at Hajj and 
other mass gatherings

The Hajj takes place during the 12th 
month of the Islamic calendar, and 
according to Islam, every able Mus-
lim must undertake the pilgrimage to 
Mecca once in their lifetime. Just as 
for any international mass gathering, 
the potential for large epidemics dur-
ing Hajj has been, and will continue, 
to present a considerable challenge to 
attending pilgrims and the local com-
munities. The risks, comprehensively 
described in other publications, arise 
from the attendance of close to 4 million 
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pilgrims from more than 180 countries 
[8]. The number of foreign pilgrims 
attending Hajj is increasing every year 
(Figure 1). This change in population 
attendance may affect the disease risks 
present at Hajj.

It has been argued that the potential 
for respiratory tract infections during 
mass gatherings is related to the large 
number of people coming from different 
parts of the world. Intense crowding of 
people in limited spaces facilitates the 
transmission of disease, especially that of 
airborne infections [8]. The congested 
conditions of the Hajj and the crowded 
nature of the accommodation contrib-
ute to the transmission of communica-
ble diseases at the pilgrimage [9].

Influenza outbreaks during mass 
gathering have been described previ-
ously [10–13]. A modelling study by Shi 
et al. has suggested that mass gathering 
could be associated with a 10% increase 
in the attack rate of influenza if they oc-
cur within 10 days before an influenza 
pandemic [14]. Studies on the occur-
rence of influenza during mass gatherings 
were also undertaken during the 2002 
Winter Olympics in Salt Lake City in the 
United States and during World Youth 
Day 2008 in Sydney, Australia [12,13]. 
Among the total 188 patients tested at 
the World Youth Day 2008, influenza A 
and B were diagnosed in 19% [13]. Dur-
ing World Youth Day 2008, a number 
of influenza strains were identified and 
these included oseltamivir-resistant and 
-sensitive influenza A(H1N1) viruses, in-
fluenza A(H3N2) viruses and influenza 
B lineages (B/Florida/4/2006-like virus 
and B/Malaysia/2506/2004-like virus) 
[13]. The presence of multiple viruses 
among those attending mass gathering 
may increase the opportunity for the 
emergence of novel reassortment viruses 
[13].

In a third study describing the occur-
rence of influenza during a rock festival 
in Hungary, among the total attendants 
of 390 000 young people, 14 individu-
als were examined at St Margareta hos-
pital and 8 (57.1%) tested positive for 

influenza A(H1N1)pdm09 by real-time 
polymerase chain reaction (PCR) assay 
[15]. The incidence was 3.7 times the 
overall European value, and may have 
been higher since attendees may not have 
sought medical treatment [15]. Dur-
ing the inauguration of the Asian Youth 
Games in Singapore in 2009, 66 suspect-
ed cases of influenza H1N1 virus were 
screened; 6 were confirmed for influenza 
A(H1N1)pdm09 and were admitted 
to hospital for isolation and treatment 
[16]. In Serbia, a few influenza A(H1N1) 
cases were identified among participants 
attending 2 mass gatherings and it was 
not possible to assess their impact on 
local populations [17]. Transmission of 
influenza A(H1N1) was inevitable, but 
preparations were put in place to mitigate 
the situation, including detection, isola-
tion options and treatment of cases [17].

Further studies on respiratory viruses 
at mass gatherings have been related to 
the Hajj [10,11]. A range of respiratory vi-
ruses have been described among pilgrims 
attending the annual Muslim pilgrimages 
in Saudi Arabia [18–25]. In these studies, 
the prevalence of parainfluenza virus was 
1%–7.4% [19,23], adenovirus was 5.4% 
[23], influenza A(H1N1) was 2.5%–
21.8% [18], influenza B was 0.8%–2.6% 

[10,11] and influenza was 0.2%–37.4% 
[10,11,19,21–23]. The difference in the 
detection rates in these studies were re-
lated to the study design and the included 
population. For example, using a PCR as-
say, influenza was detected in 10%–12% 
of symptomatic pilgrims [11,22] versus 
1% among a sample of Egyptian return-
ing pilgrims without the mention of any 
specific symptoms [21]. In another study 
of 305 pilgrims arriving at Shiraz airport, 
Islamic Republic of Iran, pandemic 2009 
influenza A(H1N1) virus was detected 
in 1.6% pilgrims and other influenza A 
viruses were detected in 2.6% [26]. A 
recent study reviewed respiratory tract 
infections during the annual Hajj with 
comments on the potential risks [27].

Emergence of novel 
coronavirus infections 
prior to Hajj 2012

The first recorded infections with 
the 2012 nCoV occurred only a few 
months before the Hajj season in 2012 
and were only reported publicly a few 
weeks ahead of the pilgrimage [28]. 
The first reported infection with nCoV 

2.0

1.8

1.6

1.4

1.2

1.0

0.8
1994       1996      1998      2000   2002    2004      2006      2008     2010 2012

Year

N
o.

 o
f  

fo
re

ig
n 

vi
si

to
rs

 (m
ill

io
n)

Figure 1 Annual counts of foreign visitors to the Hajj, 1996 to 2011 (Source: 
Ministry of Health, Saudi Arabia)
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was identified in the Saudi Arabian 
port city of Jeddah, in a Saudi Arabian 
male who died in June 2012 [29,30]. 
A second case was reported in a Qatari 
male with a history of travel to Saudi 
Arabia in late September 2012 [31,32]. 
The emergence of this virus in humans 
came at a time when Muslims from 
around the world were preparing to 
converge on Saudi Arabia for the Hajj 
pilgrimage given that the first reported 
case occurred in Jeddah, where Hajj 
pilgrims assemble, risks to Hajj had to 
be considered by Saudi authorities, by 
WHO, and by the national authorities 
of countries of the participating pilgrims 
[29]. Figure 2 illustrates the timing of 
initial infections with nCoV and Hajj 
2012. The first 2 reported cases of nCoV 
sparked significant media interest in 
the implications of a new virus that 
was of the same family as the severe 
acute respiratory syndrome (SARS) 
coronavirus. Studies of the 2003 SARS 
outbreak found that the SARS virus was 
not easily transmitted between humans 
and required close contact or facilitated 
transmission by aerosol production 

[33]. As attention turned to the possible 
implications of nCoV infections for the 
Hajj, the available information about 
the virus was extremely limited. Geneti-
cally, it closely resembled other coro-
naviruses associated with bats, but the 
reservoir, the mechanism of acquisition 
and its spread were not known. Based 
on the initial information provided by 
the first reported cases of nCoV, no 
human-to-human transmission had oc-
curred [32] and, as such, there were no 
travel restrictions to areas with reported 
cases.

Risks of novel 
coronavirus to public 
health at Hajj 2012

Preparations leading to Hajj 
2012
As described above, evidence exists for 
sustained communicable disease trans-
mission at mass gathering such as Hajj. 
The discovery of nCoV infections in the 
location of the Hajj meant that the late 
stages of planning for Hajj 2012 had to 

account for this new disease. A unique 
component of Saudi Arabia’s approach 
to managing public health risks to pil-
grims is the preparation and revision on 
an annual basis of the recommendations 
and health requirements for the period 
of the pilgrimage. Once developed by 
the Ministry of Health of Saudi Arabia, 
these requirements are shared through 
national and international platforms, 
including WHO’s Weekly Epidemiologi-
cal Record. Since 2009, the Weekly Epi-
demiological Record has communicated 
different types of information to the 
international community. This ranges 
from general advice to target popula-
tions, to requirements at points/ports 
of entry, to vaccination obligations for 
all pilgrims. For instance, during pan-
demic influenza A(H1N1) 2009, Saudi 
Arabia recommended that immuno-
compromised, extremely overweight or 
pregnant individuals defer travel plans 
to another year [34]. In 2000 and 2001, 
coinciding with Hajj, an international 
outbreak of disease was caused by a 
rare strain of Neisseria meningitidis, se-
rogroup W135. This prompted Saudi 
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Arabian health authorities to introduce 
a mandatory vaccination requirement 
of quadrivalent ACWY meningitis vac-
cine for Hajj 2002 [35].

Requirements and recommenda-
tions for Hajj seasons are also revised 
on an ad hoc basis as and when acute 
public health events are judged by Saudi 
Arabian authorities to present a risk to 
Hajj attendees. In July 2012, preliminary 
recommendations and requirements 
for Hajj were issued and published in 
the Weekly Epidemiological Record [36]. 
Viral respiratory infections were ad-
dressed within specific recommenda-
tions for seasonal influenza vaccination 
for national and international pilgrims. 
In addition, the 2012 recommendations 
made specific reference to the impor-
tance of routine vaccinations, especially 
for measles and rubella due to the recent 
resurgence of these diseases around the 
globe [36]. Initial information for Hajj 
2012 did not include specific recom-
mendations to infections due to nCoV 
as in July 2012 the disease had yet to 
emerge as a public health risk.

In October 2012, Saudi Arabia up-
dated information on health hazards 
and recommendations for Hajj 2012 in 
an article published in Eurosurveillance 
[28]. These revisions provided further 
requirements for Hajj pilgrims coming 
from Uganda, the Democratic Republic 
of the Congo and Sierra Leone on the 
basis of ongoing outbreaks of commu-
nicable disease at that time. The paper 
also recommended specific measures 
to reduce the risk of transmission of 
viral respiratory infections, including 
those associated with nCoV but it did 
not issue any travel restrictions with 
respect to nCoV infections. Saudi 
Arabia reminded pilgrims to “practice 
proper hand hygiene, protective be-
haviours and cough etiquette to further 
decrease the occurrence of respiratory 
diseases”. Other countries also issued 
nCoV guidance to their nationals visit-
ing Saudi Arabia for the Hajj, such as 
Britain [37] and the United States [38]. 
Some countries advised their nationals 

to seek medical attention if, on return 
from Hajj, they developed acute respira-
tory symptoms.

Public health measures 
adopted during the Hajj 
pilgrimage
Public health efforts to maintain a high 
level of excellence during the Hajj are 
coordinated by 24 supervisory commit-
tees [39]. To enhance the effectiveness 
of activities, an electronic surveillance 
system is used by public health teams 
and teams at points of entry. This en-
hanced surveillance targets influenza, 
influenza-like illness, meningococcal 
disease, food poisoning, viral haemor-
rhagic fevers, yellow fever, cholera, polio 
and plague [39]. In line with Saudi Ara-
bia’s policy of providing free access to 
health care during the Hajj, there were 
25 hospitals offering 4964 beds includ-
ing 547 critical care beds [28]. Health 
care was also provided through 141 
medical centres in the Hajj area [28].

The Saudi Arabian Ministry of 
Health case definition for nCoV was 
published in Eurosurveillance [28]. A 
suspected case was defined as a per-
son requiring hospitalization with 
community-acquired acute respiratory 
syndrome with symptoms of: fever (≥ 
38 °C) and cough; and confirmed 
lower airways involvement (clinical and 
radiological evidence of pneumonia) 
not explained by any other infection or 
other etiology. A confirmed case was 
defined as a person with laboratory-
confirmed infection with nCoV [28]. 
The current WHO definitions for case 
finding include the definition for a 
confirmed case (a person with labora-
tory confirmation of infection with the 
nCoV) and a probable case [40]. A 
probable case is defined as a person 
with an acute respiratory infection with 
clinical, radiological or histopathologi-
cal evidence of pulmonary parenchy-
mal disease (e.g. pneumonia or acute 
respiratory distress syndrome); and no 
possibility of laboratory confirmation 
for nCoV either because the patient 

or samples are not available for testing; 
and close contact with a laboratory-
confirmed case [40].

The lack of information or evidence 
on the severity and transmissibility of 
this novel virus in mass gathering situa-
tions raised concerns for the Hajj. As for 
other viruses in the coronavirus family, 
the infection was thought to spread by 
aerosol droplets [41]. The pattern of 
transmission of nCoV in overcrowded 
and congested settings, such as those 
of Hajj, posed a big “unknown” to the 
international community as well as to 
the Saudi national health authorities.

The risk of international nCoV 
spread as a result of imported cases from 
returnee pilgrims was also unknown. 
Examples of this had been previous 
documented, as seen in the 2000 and 
2001 outbreaks of meningococcal men-
ingitis W135 [9,42]. This prompted the 
Saudi Arabian national health authori-
ties to consult with international health 
partners, including WHO, to rapidly 
develop and put into practice an appro-
priate strategy for detection of suspect 
nCoV cases among pilgrims.

The annual Hajj took place from 
10–31 October 2012 and approximate-
ly 4 million pilgrims took part. Pilgrims 
came from 187 countries and visited 
the main religious sites of Saudi Arabia 
in Mecca and Medina. The Hajj of 2012 
was declared by Saudi Arabia as free 
from any public health event and not a 
single case of nCoV infection was de-
tected through the national surveillance 
system. Over 300 sick pilgrims were 
tested for nCoV infections and all were 
found to be negative [43].

Screening of returnee pilgrims was 
also carried out in Europe and else-
where. No imported cases of nCoV 
infections were reported to WHO 
from these countries. In a cohort of 154 
French pilgrims returning from Hajj 
2012, 83.4% had respiratory symptoms 
and 41% had influenza-like illness [44]. 
All the pilgrims screened tested negative 
for nCoV by real-time PCR assays [44].
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Impact of further 
cases on future 
mass gatherings

At the time of writing (March 2013), 
WHO had been informed of a total of 
15 confirmed cases of human infection 
with nCoV, including 9 deaths [45]. 
Eight of these cases including 6 deaths 
were reported from Saudi Arabia. The 
majority of cases presented with severe 
illness. Limited, but not sustained, 
human-to-human transmission has also 
been reported in cases in the United 
Kingdom [46] and in Jordan. The cases 
in Jordan were detected retrospectively 
[47]. A Saudi investigation into a fam-
ily cluster of 3 confirmed and 1 prob-
able case—conducted after the Hajj in 
2012—remained inconclusive but the 
dates of onset of symptoms of this family 
cluster of cases appeared to be consist-
ent with human-to-human transmission 
[46]. Given new information on the 
transmission and the reported incidence 
of the virus following the Hajj in 2012, 
the epidemiological potential for an 
outbreak of nCoV infections during this 
year’s Hajj in 2013 may be more likely. 
The occurrence of nCoV infections and 
the possible evolving patterns of trans-
mission should be closely monitored 
and assessed by the international com-
munity and Saudi authorities ahead of 
this year’s Hajj in October 2013.

Another factor related to nCoV that 
may impact on the Hajj in 2013 is the 
epidemiology of this emerging disease. 
If populations susceptible to nCoV are 

found to be demographically similar to 
those attending Hajj, the risks posed to 
the Hajj may be increased.

Global public health vigilance will 
be important to see how the public 
health risk associated with this novel 
virus unfolds. International collabora-
tions will be crucial to protect global 
health as Hajj and mass gathering in 
the face of a potentially deadly virus 
that may seriously affect global health 
security.

Importance of 
international 
collaborations 

As part of this international collabora-
tion to prevent any global spread of 
nCoV infection through spread of 
Hajj-related infections, teams of disease 
experts converged on Saudi Arabia 
immediately before the Hajj. These 
included epidemiologists from WHO 
and the United States Centers for Dis-
ease Control in Atlanta, virologists from 
the Center for Infection and Immunity 
at Columbia University in New York 
and experts in the control of zoonotic 
diseases from EcoHealth, a New York 
city-based international organization 
for ecology and health. These specialists 
were invited by the Saudi Arabian gov-
ernment. The Saudi Arabian National 
Committee for Infectious Diseases 
worked with WHO to rapidly develop 
a case definition and protocol for 

detecting and testing pilgrims who de-
veloped a respiratory infection [40]. An 
investigation of potential environmen-
tal and animal sources of the nCoV was 
carried out by the team from Columbia 
University.

In addition to international col-
laboration with regards to nCoV, the 
global nature of mass gathering and 
potential risks to international health 
and security, make it imperative that 
the research and guidelines produced 
are relevant to diverse contexts and are 
a collaborative effort between global 
experts and centres. This is important, 
not only as emergence of new patho-
gens is a continued threat with implica-
tions for transmission and international 
spread at mass gathering, but to foster 
a culture of sharing of knowledge and 
expertise more generally across the field. 
This should extend to areas as diverse as 
communicable and noncommunicable 
diseases and to ensure a legacy of practi-
cal knowledge transfer and sharing of 
lessons learned.

There are many centres and indi-
viduals with academic and practical 
expertise in this mass gathering and a 
current commitment exists to bring 
such organizations and individuals to-
gether through formal and informal 
networks and collaborations. Examples 
of these networks include the WHO 
virtual interactive advisory group on 
mass gatherings, the newly formed 
Global Mass Gatherings Network and 
the developing network of WHO col-
laborating centres on mass gatherings.
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