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A B S T R A C T

Background: The annual Hajj to the Kingdom of Saudi Arabia attracts millions of pilgrims from around the
world. International health community's attention goes towards this mass gathering and the possibility of the
development of any respiratory tract infections due to the high risk of acquisition of respiratory viruses.
Method: We searched MEDLINE/PubMed and Scopus databases for relevant papers describing the prevalence of
respiratory viruses among Hajj pilgrims.
Results: The retrieved articles were summarized based on the methodology of testing for these viruses. A total of
31 studies were included in the quantitative/qualitative analyses. The main methods used for the diagnosis of
most common respiratory viruses were polymerase chain reaction (PCR), culture and enzyme-linked im-
munosorbent assay (ELISA). Influenza, rhinovirus and parainfluenza were the most common viruses detected
among pilgrims. Coronaviruses other than MERS-CoV were also detected among pilgrims. The acquisition of
MERS-CoV remains very limited and systematic screening of pilgrims showed no infections.
Conclusions: Well conducted multinational follow-up studies using the same methodology of testing are neces-
sary for accurate surveillance of respiratory viral infections among Hajj pilgrims. Post-Hajj cohort studies would
further evaluate the impact of the Hajj on the acquisition of respiratory viruses.

1. Introduction

Religious events and festivals are types of mass gathering that draw
large numbers of pilgrims from a large geographical region and people
around the globe [1,2]. The annual Hajj pilgrimage to Makkah in the
Kingdom of Saudi Arabia (KSA) attracts more than 2 million pilgrims
from 184 countries around the world [1]. The climatic conditions and
the inevitable overcrowding of pilgrims in Makkah and surrounding
holy sites during the Hajj rituals create a situation that may promote the
occurrence and spread of communicable diseases and possibly the
spread of multi-drug resistance (MDR) bacteria [1,3–9]. Thus, the
spread of respiratory illnesses during the Hajj is a major public health
concerns with the potential of dissemination of these infectious diseases
beyond the Hajj itself [10–12]. Risk factors for such an event to occur
include close proximity between pilgrims, crowded accommodation,
and congregation [1,6]. Studies had shown that respiratory tract

infections occur commonly among the majority of pilgrims [10,13].
Also, it is estimated that more than 90% of pilgrims develop what is
known as the “Hajj cough” during their stay in KSA [14–16]. Many
studies showed that a variety of upper and lower respiratory tract in-
fections due to viral and bacterial infections can cause infections among
pilgrims [3–5,10,17–21]. A range of respiratory viruses were recovered
from pilgrims, with influenza and rhinovirus the most common [10]. In
this review, we summarize the available data about emerging re-
spiratory viruses, including Middle East Respiratory Syndrome Cor-
onavirus (MERS-CoV), Severe Acute Respiratory Syndrome (SARS), and
other respiratory viruses such as influenza. We also discuss here the
possible role of Streptococcus pneumoniae coinfection.

2. Search strategy

We searched MEDLINE and Scopus databases for articles published
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in English using the following search strategy:
#1: “hadj” OR “hajj” OR “pilgrimage”;
#2: “respiratory”;
#3: “viral” OR “virus” OR “viruses” OR “pathogens” OR “infection”

OR “infections”;
#4: “influenza”;
#5: “Middle East Respiratory Syndrome Coronavirus” OR “MERS-

CoV”;
#6: “Severe Acute Respiratory Syndrome” OR “SARS”;
#7: “Pandemic H1N1”;
#8: #1 AND #2 AND #3 AND #4 AND #5 AND #6 AND #7.
We also hand searched the Saudi Epidemiology Bulletin (available

at: http://www.fetp.edu.sa/Bulletin.html) for additional articles for
inclusion.

The search results were surveyed for methodological articles, and
their titles and abstracts were then scanned. Additional studies were
identified through bibliographies of original articles or relevant re-
views. The search was done according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [22].
One author (JAT) performed the searches, screened titles/abstracts for
eligibility, selected relevant papers and reviewed each of the selected
manuscripts in full. All authors were in agreement regarding the choice
of papers.

3. Results

3.1. Included studies

The search strategy initially yielded 365 records of which 71 were
duplicates. Twenty additional papers were identified through hand
searching. Of the 104 full text articles reviewed, 31 studies were

included in the final analysis. The results of the search strategy are
shown in Fig. 1 according to the PRISMA methodology [22].

3.2. Types of included studies

The included studies were classified based on the methods used to
detect respiratory viruses. Methods include polymerase chain reaction
(PCR) [15,23–42] (Table 1), cell culture [26,27,43–45] (Table 2), direct
immunofluorescence staining [46], and enzyme-linked immunosorbent
assay (ELISA) [47–49] (Table 3).

3.3. Study designs

The included studies were cross-sectional studies, case-control stu-
dies, and prospective cohort studies. These studies had different designs
and methodology, and varied widely in terms of the number of included
pilgrims. We included studies addressing the prevalence of viral re-
spiratory infections. Many of these studies reported the prevalence of
clinical respiratory tract infections among pilgrims, including upper
respiratory tract infection (URTI), acute respiratory infection (ARI) or
influenza-like illness (ILI) [16,28,38,40,50–53]. We included in the
analysis studies addressing microbiology and laboratory diagnosis of
viral respiratory infections based on culture, ELISA or PCR methods.

3.4. Studies based on polymerase chain reaction methods

Included studies that used PCR methods for the detection of the
respiratory viruses are summarized in Table 1 [15,23–42,54]. The
overall analysis of these studies shows the most common viruses de-
tected among pilgrims (Fig. 2), including influenza (A and B) virus
(7.1%), influenza A (5.1%), rhinovirus (5.1%), and influenza B (1.9%).

Fig. 1. Flow diagram of the search strategy.
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These studies did not screen for the same surveyed viruses and there
was a large variation in the screened viruses (see Fig. 2).

3.5. Studies based on culture methods

A number of studies have detected respiratory viruses among pil-
grims using culture methods (Table 2). These studies included a total of
1866 pilgrims, and the most common viruses detected among them are
shown in Fig. 3.

3.6. Other studies using alternative methods for the detection of respiratory
viruses

Other studies, using alternative methods for the detection of re-
spiratory viruses, have detected respiratory viruses (primarily influenza
viruses) among pilgrims. ELISA was used in three studies [47–49] and
direct immunofluorescence staining was used in one study [46]. A
summary of the findings of these studies are presented in Table 3.

3.7. 2009 pandemic influenza A (H1N1) and the Hajj

It was feared that the 2009 pandemic influenza A (H1N1) would
result in a significant impact on the Hajj [55,56], especially that
200,000 pilgrims in 2008 were from resource-limited countries [56]. In
total, six studies investigated the prevalence of H1N1 virus among
pilgrims [27,32–34,36] and one study was conducted among healthcare
workers at the pilgrimage sites [57] (Table 4). During the 2009 Hajj
season, the prevalence of H1N1 virus among 275 symptomatic Iranian
pilgrims was 1.8% [27]. However, none of the 184 screened healthcare
workers was infected [57]. A large cross sectional study of 2699 de-
parting pilgrims showed that 0.1% of them were positive for H1N1
virus [34]. Two other studies have also founded prevalence of 1.6%
[33] and 1.8% [27], but none of the 551 Egyptian pilgrims survived in
another study were positive for H1N1 virus [32].

3.8. Threat of emerging coronaviruses

In the last decade, two coronaviruses emerged, the SARS-CoV in
2003 and the MERS-CoV in 2012. Coronavirus infections were detected
in 0.6–0.8% of tested population in regard to the Hajj seasons [3].
There were no cases of SARS linked to the Hajj [58].

3.8.1. Systematic screening for MERS-CoV among attendees of the annual
Hajj

Despite the 2012 Hajj season started few weeks after the first case of
MERS-CoV infection was reported, there were no reported cases among
pilgrims in 2012 [5,25,32]. Systematic screening of pilgrims for MERS-
CoV was done in multiple studies among> 10,000 pilgrims
[5,14,29,31,35,37–39,41,42,54,59–63] (Table 5).

3.9. Coinfection of respiratory viruses and S. pneumoniae

In a recent study conducted among 129 French pilgrims in 2013,
about 39% of those who tested positive for S. pneumoniae after the Hajj
pilgrimage were co-infected with at least one virus [38]. However,
there is no information on whether the pilgrims were carrying S.
pneumoniae or were ill secondary to this organism.

4. Discussion

The most common viruses were rhinovirus, influenza A and cor-
onavirus 229E. In addition, the acquisition of MERS-CoV remains very
limited and systematic screening of pilgrims showed no infections.
MERS-CoV is absent in all Hajj pilgrims tested so far. Different methods
were used for the diagnosis of respiratory pathogens and included: PCR,
culture methods and ELISA. The ease and rapidity of PCR method makeTa
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this method an attractive method for further use in subsequent studies
to detect respiratory viruses. Interestingly, it appears that some viruses
are more prone to transmission during Hajj (influenza and
Rhinoviruses). The difference in the transmission could be related to a
predominant aerial transmission for Influenza and Rhinoviruses
whereas other (less prevalent) could rely on direct contact (hands carry-
over). Camels were not allowed in the Hajj areas due to the risk of
MERS-CoV transmission and this strategy may further decrease the risk
of MERS-CoV transmission. Different respiratory viruses might be ac-
quired during the Hajj and these viruses might be introduced into pil-
grims' home countries upon their return, thus contributing to the po-
tential for international spread of these viruses.

Preventing influenza transmission during Hajj is an important target
for public health. Influenza vaccination should be a priority for all Hajj
pilgrims [64]. Vaccination is not so easy due to regulation on seasonal
vaccine availability [65]. In addition, non-pharmacological preventive
measures are needed for the prevention of respiratory infections during
the Hajj: maintaining good infection control practice among healthcare

Table 2
A Summary of Studies addressing the Prevalence of Respiratory Viruses among Pilgrims using Cell Culture, data presented as percentage of the total number of
included pilgrims in each study.

Reference [43] [44] [49] [26] [27]

Study Design Cross-sectional study
(Saudi Arabia)

Cross-sectional study
(Saudi Arabia)

Cross-sectional study
(Saudi Arabia)

Cross-sectional airport
study (Iran)

Cross-sectional airport
study (Iran)

Number of Included Pilgrims 761 500 105 225 275
Influenza A 4.5 0.6 1.9 5.1
H1N1 1.1
Influenza B 2 5.4 11.4 5.1
Influenza overall 6.5 6 13.3 5.1 1.1
Parainfluenza 1 2
Parainfluenza 2 1.7
Parainfluenza 3 2.2
Parainfluenza overall 5.9 0.8 0
Adenovirus 4.7 0 36.2
Respiratory syncytial virus 2.4 1.4 1.9
Herpes virus 2.6

Table 3
A Summary of Studies addressing the Prevalence of Respiratory Viruses among
Pilgrims using Direct Immunofluorescence Staining or ELISA, data presented as
percentage of the total number of included pilgrims in each study.

Reference [46] [47] [48] [49]

Methodology Direct immunofluorescence
staining

ELISA ELISA ELISA

Year 1994 2000 2004 2004–5
Number of Included

Pilgrims
64 305 360 105

Influenza A 3.1 5.9
H1N1 6.9
H3N2 6.1
Influenza B 1.6 11.5 20.8
Influenza overall 4.7 17.4 12.8
Parainfluenza 1 0
Parainfluenza 2 1.6
Parainfluenza 3 0
Parainfluenza overall 1.6

Fig. 2. A summary of studies among pilgrims showing the most common respiratory viruses using PCR based techniques.
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workers, the use of face masks or respirators, and hand hygiene
[66,67]. The majority of viral respiratory infections acquired during
pilgrimage are due to influenza viruses, and rhinoviruses [64]. The
diagnosis of seasonal influenza during the hajj was a major focus of
most studies addressing the prevalence of respiratory viruses among
pilgrims [23,25,32–34,36,39,40,43,56,68–80]. In these studies, dif-
ferent methods were used to detect respiratory viruses, with PCR being
the most common used method. There are multiple contributing factors
for the transmission and acquisition of respiratory viruses during the
Hajj and include the crowdedness, close proximity, and indoor or out-
door venue [80].

Consistent with few studies worldwide, entero-rhinovirus was the
most common virus isolated among pilgrims. However, this result is
related to a single study of 2699 departing pilgrims that showed a 13%

acquisition rate [34]. It was shown that entero-rhinovirus the primary
cause of common colds [81,82].

With the emergence of the pandemic 2009 H1N1, there was a fear of
the significant impact on the Hajj [55,56]. However, different studies
showed very low rate of acquisition of this virus during the 2009 Hajj.
Also, the emergence of SARS-CoV and MERS-CoV was of major con-
cerns for mass gatherings such as the Hajj [2,5]. However, to date
neither SARS-CoV nor MERS-CoV was found to be transmitted among
pilgrims. Systematic screening for MERS-COV among returning or de-
parting pilgrims showed no positive cases
[5,14,15,29–31,35,37–39,60,61,63]. However, four cases were linked
to Umrah (also known as the lesser pilgrimage) [69,83–86]. It was es-
timated that the risk MERS-CoV transmission among pilgrims could be
1–7 cases per Hajj season and 3–10 per Umrah per year [87].

Various studies showed different acquisition rates of respiratory
viruses, but only one study showed coinfection with S. pneumoniae.
Recent studies showed a significant acquisition of S. pneumoniae and
Hemophilus influenzae by returning pilgrims [3,10,12,66,88].

Viral respiratory tract infections, mainly rhinovirus, influenza A and
coronavirus 229E, are of major concern during the Hajj. Despite ex-
tensive systematic screening, MERS-CoV had not been isolated from
pilgrims. Continued surveillance for MERS-CoV is needed to ensure
timely detection of any possible imported MERS cases [8,9,64]. Dif-
ferential transmission of different viruses may play a role in the ob-
served frequencies. Understanding these factors facilitate the develop-
ment of preventive measures. Further paired prospective studies using a
systematic evaluation of pilgrims for these viruses are needed in order
to estimate the total burden of viral respiratory diseases during the Hajj.
International collaboration would foster evidence-based practices and
guidelines for implementation during mass gathering events [10].

Fig. 3. A Summary of Studies among Pilgrims Showing the Most Common Respiratory Viruses Using Culture based Methods.

Table 4
A Summary of Studies addressing the Prevalence of Pandemic H1N1 Influenza
among Pilgrims.

Reference Study Design Population Number
Tested

n (%)
Positive

[27] cross
sectional

Returning Iranian
pilgrims

275 5 (1.8)

[32] cross
sectional

Returning Egyptian
pilgrims

551 0 (0)

[33] cross
sectional

Returning Iranian
pilgrims

305 5 (1.6)

[34] cross
sectional

Departing pilgrims 2699 2 (0.1)

[36] cross
sectional

Pilgrims 1600 9 (0.5)

[57] cross
sectional

Healthcare workers 184 0 (0)

J.A. Al-Tawfiq et al. Travel Medicine and Infectious Disease 23 (2018) 6–13

10



Funding

None.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgments

None.

References

[1] Memish ZA, Zumla A, Alhakeem RF, Assiri A, Turkestani A, Al Harby KD, et al. Hajj:
infectious disease surveillance and control. Lancet 2014;383:2073–82. http://dx.
doi.org/10.1016/S0140-6736(14)60381-0.

[2] Al-Tawfiq JA, Memish ZA. Mass gatherings and infectious diseases: prevention,
detection, and control. Infect Dis Clin North Am 2012;26:725–37. http://dx.doi.
org/10.1016/j.idc.2012.05.005.

[3] Al-Tawfiq JA, Memish ZA. The hajj: updated health hazards and current re-
commendations for 2012. Euro Surveill 2012;17:20295.

[4] Al-Tawfiq JA, Memish ZA. Mass gathering medicine: 2014 hajj and umra prepara-
tion as a leading example. Int J Infect Dis 2014;27:26–31.

[5] Al-Tawfiq JA, Smallwood CAH, Arbuthnott KG, Malik MSK, Barbeschi M, Memish
ZA. Emerging respiratory and novel coronavirus 2012 infections and mass gather-
ings. East Mediterr Heal J 2013;19(Suppl 1):S48–54.

[6] Al-Tawfiq JA, Gautret P, Memish ZA. Expected immunizations and health protec-
tion for hajj and umrah 2018 —an overview. Travel Med Infect Dis 2017;19:2–7.
http://dx.doi.org/10.1016/j.tmaid.2017.10.005.

[7] Leangapichart T, Rolain J-M, Memish ZA, Al-Tawfiq JA, Gautret P. Emergence of
drug resistant bacteria at the hajj: a systematic review. Travel Med Infect Dis
2017;18:3–17. http://dx.doi.org/10.1016/j.tmaid.2017.06.008.

[8] Patel D. The hajj and umrah: health protection matters. Travel Med Infect Dis
2017;19:1. http://dx.doi.org/10.1016/j.tmaid.2017.10.013.

[9] Gautret P. Influenza risk at muslim pilgrimages in Iraq and Saudi Arabia. Travel
Med Infect Dis 2017. http://dx.doi.org/10.1016/j.tmaid.2017.10.016.

[10] Al-Tawfiq JA, Zumla A, Memish ZA. Respiratory tract infections during the annual
hajj: potential risks and mitigation strategies. Curr Opin Pulm Med 2013;19:192–7.
http://dx.doi.org/10.1097/MCP.0b013e32835f1ae8.

[11] Abubakar I, Gautret P, Brunette GW, Blumberg L, Johnson D, Poumerol G, et al.
Global perspectives for prevention of infectious diseases associated with mass
gatherings. Lancet Infect Dis 2012;12:66–74. http://dx.doi.org/10.1016/S1473-
3099(11)70246-8.

[12] Gautret P, Benkouiten S, Al-Tawfiq JA, Memish ZA. Hajj-associated viral respiratory
infections: a systematic review. Travel Med Infect Dis 2016;14:92–109. http://dx.
doi.org/10.1016/j.tmaid.2015.12.008.

[13] Shafi S, Booy R, Haworth E, Rashid H, Memish ZA. Hajj: health lessons for mass
gatherings. J Infect Public Health 2008;1:27–32. http://dx.doi.org/10.1016/j.jiph.
2008.08.008.

[14] Gautret P, Charrel R, Belhouchat K, Drali T, Benkouiten S, Nougairede A, et al. Lack
of nasal carriage of novel corona virus (HCoV-EMC) in French hajj pilgrims re-
turning from the hajj 2012, despite a high rate of respiratory symptoms. Clin
Microbiol Infect 2013;19:E315–7. http://dx.doi.org/10.1111/1469-0691.12174.

[15] Gautret P, Charrel R, Benkouiten S, Belhouchat K, Nougairede A, Drali T, et al. Lack
of MERS coronavirus but prevalence of influenza virus in French pilgrims after 2013
hajj. Emerg Infect Dis 2014;20:728–30. http://dx.doi.org/10.3201/eid2004.
131708.

[16] Deris ZZ, Hasan H, Sulaiman SA, Wahab MSA, Naing NN, Othman NH. The pre-
valence of acute respiratory symptoms and role of protective measures among
Malaysian hajj pilgrims. J Travel Med 2010;17:82–8. http://dx.doi.org/10.1111/j.
1708-8305.2009.00384.x.

[17] Benkouiten S, Charrel R, Belhouchat K, Drali T, Salez N, Nougairede A, et al.
Circulation of respiratory viruses among pilgrims during the 2012 hajj pilgrimage.
Clin Infect Dis 2013;57:992–1000. http://dx.doi.org/10.1093/cid/cit446.

[18] Meysamie A, Ardakani HZ, Razavi SM, Doroodi T. Comparison of mortality and
morbidity rates among Iranian pilgrims in hajj 2004 and 2005. Saudi Med J
2006;27:1049–53.

[19] Madani TA, Ghabrah TM, Albarrak AM, Alhazmi MA, Alazraqi TA, Althaqafi AO,
et al. Causes of admission to intensive care units in the hajj period of the Islamic
year 1424. Ann Saudi Med 2004;27:101–5.

[20] Madani TA, Ghabrah TM, Al-Hedaithy MA, Alhazmi MA, Alazraqi TA, Albarrak AM,
et al. Causes of hospitalization of pilgrims in the hajj season of the Islamic year
1423. Ann Saudi Med 2003;26:346–51.

[21] Gautret P, Soula G, Delmont J, Parola P, Brouqui P. Common health hazards in
French pilgrims during the hajj of 2007: a prospective cohort study. J Travel Med
2009;16:377–81. http://dx.doi.org/10.1111/j.1708-8305.2009.00358.x.

[22] Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Open Med
2009;3:e123–30.

[23] Rashid H, Shafi S, Booy R, El Bashir H, Ali K, Zambon M, et al. Influenza and
respiratory syncytial virus infections in British hajj pilgrims. Emerg Health Threats
J 2008;1:e2. http://dx.doi.org/10.3134/ehtj.08.002.

[24] Rashid H, Shafi S, Haworth E, El Bashir H, Ali KA, Memish ZA, et al. Value of rapid
testing for influenza among hajj pilgrims. Travel Med Infect Dis 2007;5:310–3.
http://dx.doi.org/10.1016/j.tmaid.2007.07.006.

[25] Rashid H, Shafi S, Haworth E, El Bashir H, Memish ZA, Sudhanva M, et al. Viral
respiratory infections at the hajj: comparison between UK and Saudi pilgrims. Clin
Microbiol Infect 2008;14:569–74. http://dx.doi.org/10.1111/j.1469-0691.2008.
01987.x.

[26] Alborzi A, Aelami MH, Ziyaeyan M, Jamalidoust M, Moeini M, Pourabbas B, et al.
Viral etiology of acute respiratory infections among Iranian hajj pilgrims. J Travel
Med 2006;2009(16):239–42. http://dx.doi.org/10.1111/j.1708-8305.2009.
00301.x.

[27] Moattari A, Emami A, Moghadami M, Honarvar B. Influenza viral infections among
the Iranian hajj pilgrims returning to Shiraz, Fars province. Iran. Influenza Other
Respi Viruse 2012;6:e77–9. http://dx.doi.org/10.1111/j.1750-2659.2012.00380.x.

[28] Barasheed O, Almasri N, Badahdah A-M, Heron L, Taylor J, McPhee K, et al. Pilot

Table 5
Systematic screening of MERS-CoV among pilgrims.

Reference Year of the study Study population Method Number Screened N (%) positive

[5] 2012 Symptomatic French Nasopharyngeal swab 300 0
[14] 2012 French cohort Nasopharyngeal swab 154 0
[15] 2013 Departing Pilgrims Nasal swabs 129 0
[29] 2013 Pilgrims from Saudi Arabia, Australia

and Qatar
Nasal swabs 1038 0

[30] 2013 Admitted Pilgrims with Pneumonia Sputum 38 0
[31] 2014 Symptomatic pilgrims returning to

Austria
Sputum, throat swab, or bronchoalveolar lavage 7 0

[35] 2012–2015 Egyptian Nasopharyngeal and oropharyngeal swabs 484 0
[37] 2013 Adult African Hajj pilgrims returning to

Ghana, West Africa
Nasopharyngeal swab 839 0

[39] 2013 Departing Pilgrims, paired and non-
paired cohort

Nasal swabs 692 (paired cohort),
514 (non-paired arriving
cohorts);
and 470 (non-paired
departing cohort)

0

[38] [15] 2013 French pilgrims Nasal and throat swab 129 0
[60] 2013 Multiple nationalities Nasopharyngeal swab 3210 pre-Hajj 0
[60] 2013 Multiple nationalities Nasopharyngeal swab 2025 post-Hajj 0
[61] 2013–2015 Symptomatic British Pilgrims Upper and lower respiratory tract 202 0
[63] 2013–15 Ill French travelers Not indicated 33 0
[41] 2013–2015 Chinese Lower respiratory tract sputum, washes, and upper

respiratory tract oropharyngeal swab
847 0

[54] 2015 Jordanian Nasopharyngeal and oropharyngeal 125 0
[42] 2014–2015 Kashmir, north India nasopharyngeal and throat swabs 300 0

J.A. Al-Tawfiq et al. Travel Medicine and Infectious Disease 23 (2018) 6–13

11

http://dx.doi.org/10.1016/S0140-6736(14)60381-0
http://dx.doi.org/10.1016/S0140-6736(14)60381-0
http://dx.doi.org/10.1016/j.idc.2012.05.005
http://dx.doi.org/10.1016/j.idc.2012.05.005
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref3
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref3
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref4
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref4
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref5
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref5
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref5
http://dx.doi.org/10.1016/j.tmaid.2017.10.005
http://dx.doi.org/10.1016/j.tmaid.2017.06.008
http://dx.doi.org/10.1016/j.tmaid.2017.10.013
http://dx.doi.org/10.1016/j.tmaid.2017.10.016
http://dx.doi.org/10.1097/MCP.0b013e32835f1ae8
http://dx.doi.org/10.1016/S1473-3099(11)70246-8
http://dx.doi.org/10.1016/S1473-3099(11)70246-8
http://dx.doi.org/10.1016/j.tmaid.2015.12.008
http://dx.doi.org/10.1016/j.tmaid.2015.12.008
http://dx.doi.org/10.1016/j.jiph.2008.08.008
http://dx.doi.org/10.1016/j.jiph.2008.08.008
http://dx.doi.org/10.1111/1469-0691.12174
http://dx.doi.org/10.3201/eid2004.131708
http://dx.doi.org/10.3201/eid2004.131708
http://dx.doi.org/10.1111/j.1708-8305.2009.00384.x
http://dx.doi.org/10.1111/j.1708-8305.2009.00384.x
http://dx.doi.org/10.1093/cid/cit446
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref18
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref18
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref18
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref19
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref19
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref19
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref20
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref20
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref20
http://dx.doi.org/10.1111/j.1708-8305.2009.00358.x
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref22
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref22
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref22
http://dx.doi.org/10.3134/ehtj.08.002
http://dx.doi.org/10.1016/j.tmaid.2007.07.006
http://dx.doi.org/10.1111/j.1469-0691.2008.01987.x
http://dx.doi.org/10.1111/j.1469-0691.2008.01987.x
http://dx.doi.org/10.1111/j.1708-8305.2009.00301.x
http://dx.doi.org/10.1111/j.1708-8305.2009.00301.x
http://dx.doi.org/10.1111/j.1750-2659.2012.00380.x
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref28


randomised controlled trial to test effectiveness of facemasks in preventing influ-
enza-like illness transmission among Australian hajj pilgrims in 2011. Infect Disord
- Drug Targets 2014;14:110–6.

[29] Barasheed O, Rashid H, Alfelali M, Tashani M, Azeem M, Bokhary H, et al. Viral
respiratory infections among hajj pilgrims in 2013. Virol Sin 2014;29:364–71.
http://dx.doi.org/10.1007/s12250-014-3507-x.

[30] Memish ZA, Almasri M, Turkestani A, Al-Shangiti AM, Yezli S. Etiology of severe
community-acquired pneumonia during the 2013 hajj-part of the MERS-CoV sur-
veillance program. Int J Infect Dis 2014;25:186–90. http://dx.doi.org/10.1016/j.
ijid.2014.06.003.

[31] Aberle JH, Popow-Kraupp T, Kreidl P, Laferl H, Heinz FX, Aberle SW. Influenza A
and B Viruses but not MERS-CoV in hajj pilgrims, Austria, 2014. Emerg Infect Dis
2015;21:726–7. http://dx.doi.org/10.3201/eid2104.141745.

[32] Kandeel A, Deming M, Elkreem EA, El-Refay S, Afifi S, Abukela M, et al. Pandemic
(H1N1) 2009 and hajj pilgrims who received predeparture vaccination, Egypt.
Emerg Infect Dis 2011;17:1266–8. http://dx.doi.org/10.3201/eid1707.101484.

[33] Ziyaeyan M, Alborzi A, Jamalidoust M, Moeini M, Pouladfar GR, Pourabbas B, et al.
Pandemic 2009 influenza A (H1N1) infection among 2009 hajj pilgrims from
Southern Iran: a real-time RT-PCR-based study. Influenza Other Respi Viruse
2012;6:e80–4. http://dx.doi.org/10.1111/j.1750-2659.2012.00381.x.

[34] Memish ZA, Assiri AM, Hussain R, Alomar I, Stephens G. Detection of respiratory
viruses among pilgrims in Saudi Arabia during the time of a declared influenza
A(H1N1) pandemic. J Travel Med 2012;19:15–21. http://dx.doi.org/10.1111/j.
1708-8305.2011.00575.x.

[35] Refaey S, Amin MM, Roguski K, Azziz-Baumgartner E, Uyeki TM, Labib M, et al.
Cross-sectional survey and surveillance for influenza viruses and MERS-CoV among
egyptian pilgrims returning from hajj during 2012-2015. Influenza Other Respi
Viruse 2016. http://dx.doi.org/10.1111/irv.12429.

[36] Ashshi A, Azhar E, Johargy A, Asghar A, Momenah A, Turkestani A, et al.
Demographic distribution and transmission potential of influenza A and 2009
pandemic influenza A H1N1 in pilgrims. J Infect Dev Ctries 2014;8:1169–75.

[37] Annan A, Owusu M, Marfo KS, Larbi R, Sarpong FN, Adu-Sarkodie Y, et al. High
prevalence of common respiratory viruses and no evidence of Middle East re-
spiratory syndrome coronavirus in hajj pilgrims returning to Ghana, 2013. Trop
Med Int Health 2015;20:807–12. http://dx.doi.org/10.1111/tmi.12482.

[38] Benkouiten S, Charrel R, Belhouchat K, Drali T, Nougairede A, Salez N, et al.
Respiratory viruses and bacteria among pilgrims during the 2013 hajj. Emerg Infect
Dis 2014;20:1821–7. http://dx.doi.org/10.3201/eid2011.140600.

[39] Memish ZA, Assiri A, Turkestani A, Yezli S, Al Masri M, Charrel R, et al. Mass
gathering and globalization of respiratory pathogens during the 2013 hajj. Clin
Microbiol Infect 2015;21. http://dx.doi.org/10.1016/j.cmi.2015.02.008. 571.e1-8.

[40] Yavarian J, Shafiei Jandaghi NZ, Naseri M, Hemmati P, Dadras M, Gouya MM, et al.
Influenza virus but not MERS coronavirus circulation in Iran, 2013–2016: com-
parison between pilgrims and general population. Travel Med Infect Dis 2017.
http://dx.doi.org/10.1016/j.tmaid.2017.10.007.

[41] Ma X, Liu F, Liu L, Zhang L, Lu M, Abudukadeer A, et al. No MERS-CoV but positive
influenza viruses in returning hajj pilgrims, China, 2013–2015. BMC Infect Dis
2017;17:715. http://dx.doi.org/10.1186/s12879-017-2791-0.

[42] Koul PA, Mir H, Saha S, Chadha MS, Potdar V, Widdowson M-A, et al. Influenza not
MERS CoV among returning hajj and umrah pilgrims with respiratory illness,
Kashmir, north India, 2014–15. Travel Med Infect Dis 2017;15:45–7. http://dx.doi.
org/10.1016/j.tmaid.2016.12.002.

[43] El-Sheikh SM, El-Assouli SM, Mohammed KA, Albar M. Bacteria and viruses that
cause respiratory tract infections during the pilgrimage (haj) season in makkah,
Saudi Arabia. Trop Med Int Health 1998;3:205–9.

[44] Balkhy HH, Memish ZA, Bafaqeer S, Almuneef MA. Influenza a common viral in-
fection among hajj pilgrims: time for routine surveillance and vaccination. J Travel
Med 2004;11:82–6.

[45] Abdulrahman N, Choudhry A, Al Mazroo M. Etiology of upper respiratory tract
infection among inter national pilgrims arriving for hajj 2010 G. Saudi Epidemiol
Bull 2011;19:14–6.

[46] Alzeer A, Mashlah A, Fakim N, Al-Sugair N, Al-Hedaithy M, Al-Majed S, et al.
Tuberculosis is the commonest cause of pneumonia requiring hospitalization during
hajj (pilgrimage to makkah). J Infect 1998;36:303–6.

[47] Kholeidi A, Baksh M, Al Hamad N, Al Mazam A, Mohammed A, Ghazi H.
Seropositivity in clinical influenza cases among pilgrims during hajj, 1421 H
(2001). Saudi Epidemiol Bull 2001;8:27–8.

[48] AlSaleh E, Al Mazroua M, Chaudhry AJ, Turkistani A, Al Hamdan N, Azhar E, et al.
Serotypes of influenza during hajj season, 1424 H (2004). Saudi Epidemiol Bull
2005;12:1–2.

[49] Razavi S, Ziaee H, Mokhtari-Azad T, Hamkar R, Doroodi T, MirSalehian A, et al.
Surveying respiratory infections among Iranian hajj pilgrims. Iran J Clin Infect Dis
2007;2:67–70.

[50] Gautret P, Benkouiten S, Griffiths K, Sridhar S. The inevitable hajj cough: surveil-
lance data in French pilgrims, 2012-2014. Travel Med Infect Dis 2015;13:485–9.
http://dx.doi.org/10.1016/j.tmaid.2015.09.008.

[51] Benkouiten S, Gautret P, Belhouchat K, Drali T, Salez N, Memish ZA, et al.
Acquisition of Streptococcus pneumoniae carriage in pilgrims during the 2012 hajj.
Clin Infect Dis 2014;58:e106–9. http://dx.doi.org/10.1093/cid/cit749.

[52] Razavi S, Dabiran S, Ziaee Ardekani H. The incidence of influenza like illness and
determination of the efficacy of Flu vaccine in Iranian pilgrims during hajj pil-
grimage. Acta Med Iran 2004;42:397–401.

[53] Razavi M, Sadeghi-Hassanabadi M, Salamati P. The comparison of influenza vaccine
efficacy on respiratory diseases among Iranian pilgrims in the 2003 and 2004
seasons. Acta Med Iran 2005;43:279–81.

[54] Al-Abdallat MM, Rha B, Alqasrawi S, Payne DC, Iblan I, Binder AM, et al. Acute

respiratory infections among returning hajj pilgrims—Jordan, 2014. J Clin Virol
2017;89:34–7. http://dx.doi.org/10.1016/j.jcv.2017.01.010.

[55] Memish Z, McNabb S, Mahoney F, Alrabiah F, Marano N, Ahmed Q, et al.
Establishment of public health security in Saudi Arabia for the 2009 hajj in response
to pandemic influenza A H1N1. Lancet 2009;374:1786–91. http://dx.doi.org/10.
1016/S0140-6736(09)61927-9.

[56] Khan K, Memish ZA, Chabbra A, Liauw J, Hu W, Janes DA, et al. Global public
health implications of a mass gathering in Mecca, Saudi Arabia during the midst of
an influenza pandemic. J Travel Med 2010;17:75–81. http://dx.doi.org/10.1111/j.
1708-8305.2010.00397.x.

[57] Memish ZA, Assiri AM, Alshehri M, Hussain R, Alomar I. The prevalance of re-
spiratory viruses among healthcare workers serving pilgrims in makkah during the
2009 influenza A (H1N1) pandemic. Travel Med Infect Dis 2012;10:18–24. http://
dx.doi.org/10.1016/j.tmaid.2011.11.002.

[58] Al-Tawfiq JA, Zumla A, Memish ZA. Travel implications of emerging coronaviruses:
SARS and MERS-CoV. Travel Med Infect Dis 2014;12:422–8. http://dx.doi.org/10.
1016/j.tmaid.2014.06.007.

[59] Baharoon S, Al-Jahdali H, Al Hashmi J, Memish ZA, Ahmed QA. Severe sepsis and
septic shock at the hajj: etiologies and outcomes. Travel Med Infect Dis
2009;7:247–52. http://dx.doi.org/10.1016/j.tmaid.2008.09.002.

[60] Memish ZA, Assiri A, Almasri M, Alhakeem RF, Turkestani A, Al Rabeeah AA, et al.
Prevalence of MERS-CoV nasal carriage and compliance with the Saudi health re-
commendations among pilgrims attending the 2013 hajj. J Infect Dis
2014;210:1067–72. http://dx.doi.org/10.1093/infdis/jiu150.

[61] Atabani SF, Wilson S, Overton-Lewis C, Workman J, Kidd IM, Petersen E, et al.
Active screening and surveillance in the United Kingdom for Middle East re-
spiratory syndrome coronavirus in returning travellers and pilgrims from the
Middle East: a prospective descriptive study for the period 2013–2015. Int J Infect
Dis 2016;47:10–4. http://dx.doi.org/10.1016/j.ijid.2016.04.016.

[62] ProMed. Novel coronavirus – Eastern Mediterranean (03): Saudi comment 12
February 2013 2013http://promedmail.org/post/20130326.1603038.

[63] Griffiths K, Charrel R, Lagier J-C, Nougairede A, Simon F, Parola P, et al. Infections
in symptomatic travelers returning from the Arabian peninsula to France: a retro-
spective cross-sectional study. Travel Med Infect Dis 2016;14:414–6. http://dx.doi.
org/10.1016/j.tmaid.2016.05.002.

[64] Gautret P, Benkouiten S, Al-Tawfiq JA, Memish ZA. The spectrum of respiratory
pathogens among returning hajj pilgrims: myths and reality. Int J Infect Dis
2016;47:83–5. http://dx.doi.org/10.1016/j.ijid.2016.01.013.

[65] Charrel RN, Nougairede A, Brouqui P, Raoult D, Gautret P. Influenza vaccine for
hajj and umrah pilgrims. Lancet Infect Dis 2015;15:267. http://dx.doi.org/10.
1016/S1473-3099(15)70035-6.

[66] Al-Tawfiq JA, Gautret P, Benkouiten S, Memish ZA. Mass gatherings and the spread
of respiratory infections. Lessons from the hajj. Ann Am Thorac Soc
2016;13:759–65. http://dx.doi.org/10.1513/AnnalsATS.201511-772FR.

[67] Benkouiten S, Brouqui P, Gautret P. Non-pharmaceutical interventions for the
prevention of respiratory tract infections during hajj pilgrimage. Travel Med Infect
Dis 2014;12:429–42. http://dx.doi.org/10.1016/j.tmaid.2014.06.005.

[68] Alherabi AZ. Impact of pH1N1 influenza A infections on the otolaryngology, head
and neck clinic during hajj, 2009. Saudi Med J 2011;32:933–8.

[69] Kraaij-Dirkzwager M, Timen A, Dirksen K, Gelinck L, Leyten E, Groeneveld P, et al.
Middle east respiratory syndrome coronavirus (MERS-CoV) infections in two re-
turning travellers in The Netherlands, May 2014. Euro Surveill 2014;19. http://dx.
doi.org/10.2807/1560-7917.ES2014.19.21.20817.

[70] Mandourah Y, Al-Radi A, Ocheltree AH, Ocheltree SR, Fowler RA. Clinical and
temporal patterns of severe pneumonia causing critical illness during hajj. BMC
Infect Dis 2012;12:117. http://dx.doi.org/10.1186/1471-2334-12-117.

[71] Haworth E, Barasheed O, Memish ZA, Rashid H, Booy R. Prevention of influenza at
hajj: applications for mass gatherings. J R Soc Med 2013;106:215–23. http://dx.doi.
org/10.1258/jrsm.2012.120170.

[72] Razavi SM, Salamati P. Prevention of influenza at hajj: applications for mass
gatherings. J R Soc Med 2013;106:386. http://dx.doi.org/10.1177/
0141076813504327.

[73] Gundlapalli AV, Rubin MA, Samore MH, Lopansri B, Lahey T, McGuire HL, et al.
Influenza, winter olympiad, 2002. Emerg Infect Dis 2006;12:144–6. http://dx.doi.
org/10.3201/eid1201.050645.

[74] van Hal SJ, Foo H, Blyth CC, McPhie K, Armstrong P, Sintchenko V, et al. Influenza
outbreak during Sydney World Youth Day 2008: the utility of laboratory testing and
case definitions on mass gathering outbreak containment. PLoS One
2009;4:e6620http://dx.doi.org/10.1371/journal.pone.0006620.

[75] Blyth CC, Foo H, van Hal SJ, Hurt AC, Barr IG, McPhie K, et al. Influenza outbreaks
during world youth day 2008 mass gathering. Emerg Infect Dis 2010;16:809–15.
http://dx.doi.org/10.3201/eid1605.091136.

[76] Gautret P, Parola P, Brouqui P. Relative risk for influenza like illness in French hajj
pilgrims compared to non-hajj attending controls during the 2009 influenza pan-
demic. Travel Med Infect Dis 2013;11:95–7. http://dx.doi.org/10.1016/j.tmaid.
2013.03.003.

[77] Lim HC, Cutter J, Lim WK, Ee A, Wong YC, Tay BK. The influenza A (H1N1-2009)
experience at the inaugural Asian Youth Games Singapore 2009: mass gathering
during a developing pandemic. Br J Sports Med 2010;44:528–32. http://dx.doi.org/
10.1136/bjsm.2009.069831.

[78] Botelho-Nevers E, Gautret P, Benarous L, Charrel R, Felkai P, Parola P. Travel-re-
lated influenza A/H1N1 infection at a rock festival in Hungary: one virus may hide
another one. J Travel Med 2010;17:197–8. http://dx.doi.org/10.1111/j.1708-
8305.2010.00410.x.

[79] Shi P, Keskinocak P, Swann JL, Lee BY. The impact of mass gatherings and holiday
traveling on the course of an influenza pandemic: a computational model. BMC

J.A. Al-Tawfiq et al. Travel Medicine and Infectious Disease 23 (2018) 6–13

12

http://refhub.elsevier.com/S1477-8939(18)30060-7/sref28
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref28
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref28
http://dx.doi.org/10.1007/s12250-014-3507-x
http://dx.doi.org/10.1016/j.ijid.2014.06.003
http://dx.doi.org/10.1016/j.ijid.2014.06.003
http://dx.doi.org/10.3201/eid2104.141745
http://dx.doi.org/10.3201/eid1707.101484
http://dx.doi.org/10.1111/j.1750-2659.2012.00381.x
http://dx.doi.org/10.1111/j.1708-8305.2011.00575.x
http://dx.doi.org/10.1111/j.1708-8305.2011.00575.x
http://dx.doi.org/10.1111/irv.12429
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref36
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref36
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref36
http://dx.doi.org/10.1111/tmi.12482
http://dx.doi.org/10.3201/eid2011.140600
http://dx.doi.org/10.1016/j.cmi.2015.02.008
http://dx.doi.org/10.1016/j.tmaid.2017.10.007
http://dx.doi.org/10.1186/s12879-017-2791-0
http://dx.doi.org/10.1016/j.tmaid.2016.12.002
http://dx.doi.org/10.1016/j.tmaid.2016.12.002
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref43
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref43
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref43
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref44
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref44
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref44
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref45
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref45
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref45
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref46
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref46
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref46
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref47
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref47
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref47
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref48
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref48
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref48
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref49
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref49
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref49
http://dx.doi.org/10.1016/j.tmaid.2015.09.008
http://dx.doi.org/10.1093/cid/cit749
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref52
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref52
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref52
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref53
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref53
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref53
http://dx.doi.org/10.1016/j.jcv.2017.01.010
http://dx.doi.org/10.1016/S0140-6736(09)61927-9
http://dx.doi.org/10.1016/S0140-6736(09)61927-9
http://dx.doi.org/10.1111/j.1708-8305.2010.00397.x
http://dx.doi.org/10.1111/j.1708-8305.2010.00397.x
http://dx.doi.org/10.1016/j.tmaid.2011.11.002
http://dx.doi.org/10.1016/j.tmaid.2011.11.002
http://dx.doi.org/10.1016/j.tmaid.2014.06.007
http://dx.doi.org/10.1016/j.tmaid.2014.06.007
http://dx.doi.org/10.1016/j.tmaid.2008.09.002
http://dx.doi.org/10.1093/infdis/jiu150
http://dx.doi.org/10.1016/j.ijid.2016.04.016
http://promedmail.org/post/20130326.1603038
http://dx.doi.org/10.1016/j.tmaid.2016.05.002
http://dx.doi.org/10.1016/j.tmaid.2016.05.002
http://dx.doi.org/10.1016/j.ijid.2016.01.013
http://dx.doi.org/10.1016/S1473-3099(15)70035-6
http://dx.doi.org/10.1016/S1473-3099(15)70035-6
http://dx.doi.org/10.1513/AnnalsATS.201511-772FR
http://dx.doi.org/10.1016/j.tmaid.2014.06.005
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref68
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref68
http://dx.doi.org/10.2807/1560-7917.ES2014.19.21.20817
http://dx.doi.org/10.2807/1560-7917.ES2014.19.21.20817
http://dx.doi.org/10.1186/1471-2334-12-117
http://dx.doi.org/10.1258/jrsm.2012.120170
http://dx.doi.org/10.1258/jrsm.2012.120170
http://dx.doi.org/10.1177/0141076813504327
http://dx.doi.org/10.1177/0141076813504327
http://dx.doi.org/10.3201/eid1201.050645
http://dx.doi.org/10.3201/eid1201.050645
http://dx.doi.org/10.1371/journal.pone.0006620
http://dx.doi.org/10.3201/eid1605.091136
http://dx.doi.org/10.1016/j.tmaid.2013.03.003
http://dx.doi.org/10.1016/j.tmaid.2013.03.003
http://dx.doi.org/10.1136/bjsm.2009.069831
http://dx.doi.org/10.1136/bjsm.2009.069831
http://dx.doi.org/10.1111/j.1708-8305.2010.00410.x
http://dx.doi.org/10.1111/j.1708-8305.2010.00410.x


Publ Health 2010;10:778. http://dx.doi.org/10.1186/1471-2458-10-778.
[80] Ishola DA, Phin N. Could influenza transmission be reduced by restricting mass

gatherings? Towards an evidence-based policy framework. J Epidemiol Glob Health
2011;1:33–60. http://dx.doi.org/10.1016/j.jegh.2011.06.004.

[81] Hong C-Y, Lin RTP, Tan ESL, Chong P-N, Tan YSL, Lew Y-J, et al. Acute respiratory
symptoms in adults in general practice. Fam Pract 2004;21:317–23.

[82] Mackay IM. Human rhinoviruses: the cold wars resume. J Clin Virol
2008;42:297–320. http://dx.doi.org/10.1016/j.jcv.2008.04.002.

[83] Fanoy EB, van der Sande MA, Kraaij-Dirkzwager M, Dirksen K, Jonges M, van der
Hoek W, et al. Travel-related MERS-CoV cases: an assessment of exposures and risk
factors in a group of Dutch travellers returning from the Kingdom of Saudi Arabia,
May 2014. Emerg Themes Epidemiol 2014;11:16. http://dx.doi.org/10.1186/1742-
7622-11-16.

[84] ProMed. MERS-COV (01): Bangladesh, Saudi Arabia, Algeria, UAE, Iran, WHO,

Request for information 2014. http://www.promedmail.org/post/20140616.
2541707, Accessed date: 11 November 2016.

[85] ProMed. MERS-CoV - Eastern Mediterranean (80): S Arabia, Iran, Algeria, Tunisia n.
d. http://promedmail.chip.org/pipermail/promed/2014-June/004423.html.

[86] Sridhar S, Brouqui P, Parola P, Gautret P. Imported cases of Middle East respiratory
syndrome: an update. Travel Med Infect Dis 2015;13:106–9. http://dx.doi.org/10.
1016/j.tmaid.2014.11.006.

[87] Gardner LM, Rey D, Heywood AE, Toms R, Wood J, Travis Waller S, et al. A sce-
nario-based evaluation of the middle east respiratory syndrome coronavirus and the
hajj. Risk Anal 2014;34:1391–400. http://dx.doi.org/10.1111/risa.12253.

[88] Memish ZA, Al-Tawfiq JA, Almasri M, Akkad N, Yezli S, Turkestani A, et al. A
cohort study of the impact and acquisition of naspharyngeal carriage of
Streptococcus pneumoniae during the hajj. Travel Med Infect Dis 2016;14:242–7.
http://dx.doi.org/10.1016/j.tmaid.2016.05.001.

J.A. Al-Tawfiq et al. Travel Medicine and Infectious Disease 23 (2018) 6–13

13

http://dx.doi.org/10.1186/1471-2458-10-778
http://dx.doi.org/10.1016/j.jegh.2011.06.004
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref81
http://refhub.elsevier.com/S1477-8939(18)30060-7/sref81
http://dx.doi.org/10.1016/j.jcv.2008.04.002
http://dx.doi.org/10.1186/1742-7622-11-16
http://dx.doi.org/10.1186/1742-7622-11-16
http://www.promedmail.org/post/20140616.2541707
http://www.promedmail.org/post/20140616.2541707
http://promedmail.chip.org/pipermail/promed/2014-June/004423.html
http://dx.doi.org/10.1016/j.tmaid.2014.11.006
http://dx.doi.org/10.1016/j.tmaid.2014.11.006
http://dx.doi.org/10.1111/risa.12253
http://dx.doi.org/10.1016/j.tmaid.2016.05.001


 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 


	A systematic review of emerging respiratory viruses at the Hajj and possible coinfection with Streptococcus pneumoniae
	Introduction
	Search strategy
	Results
	Included studies
	Types of included studies
	Study designs
	Studies based on polymerase chain reaction methods
	Studies based on culture methods
	Other studies using alternative methods for the detection of respiratory viruses
	2009 pandemic influenza A (H1N1) and the Hajj
	Threat of emerging coronaviruses
	Systematic screening for MERS-CoV among attendees of the annual Hajj

	Coinfection of respiratory viruses and S. pneumoniae

	Discussion
	Funding
	Conflicts of interest
	Acknowledgments
	References




