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Abstract

Objectives: Respiratory transmission, especially in mass gatherings, is considered one of the
main ways of influenza transmission. TheHajj ceremony, as one of the largest gatherings world-
wide, can increase the distribution of influenza infection. Thus, the present study aimed to
evaluate the incidence of influenza among Hajj pilgrims.
Methods: In this present systematic review and meta-analysis, all English studies published by
2019 were extracted from several databases such as the Web of Science, PubMed, Scopus,
Cochrane Library, Science Direct, and Google Scholar. Finally, the data were extracted using
a pre-prepared checklist and then analyzed by fixed and random effects model tests in the
meta-analysis, Cochran, meta-regression, and Begg’s test.
Results: Eighteen studies with a sample size of 62 431 were entered into the meta-analysis proc-
ess. The overall prevalence of influenza, in addition to the prevalence of types A, B, and C influ-
enza, was estimated at 5.9 (95% CI: 4.3-8.0), 3.6 (95% CI: 2.6-4.9), 2.9 (95% CI: 2.8-3.1), and
0.9% (95% CI: 0.5-1.5), respectively.
Conclusions: In general, influenza remains widespread regardless of vaccinating pilgrims and
following health protocols. Therefore, it is recommended that comprehensive management and
educational approaches be used to reduce the prevalence of influenza and its adverse conse-
quences among the pilgrims.

Introduction

Influenza is considered one of the most common respiratory diseases that causes the annual
death of various people worldwide. In addition, it is categorized into 4 types, the most frequent
of which are types A, B, and C. Type A influenza is the only influenza virus that is known to cause
an influenza pandemic. Further, a pandemic can occur when a new and highly different influ-
enza A virus emerges, which infects people and can efficiently spread between people.1,2

Furthermore, type B influenza is the cause of epidemics and is regarded as an important cause
of morbidity and mortality during interpandemic periods.1 Additionally, its prevention repre-
sents an essential public health priority globally.1 Finally, type C influenza infections generally
lead to mild illness without any human influenza epidemics.2

Nearly 10–20% of the world’s population is infected with influenza every year, and 6–8% of
the infected die due to this disease.3–6 In addition, influenza is mainly transmitted by droplets,
and contact with influenza-contaminated humans, animals, and birds can infect human
beings.7,8 Some individuals, including children and adults, especially in mass gatherings
(MGs), are more vulnerable to influenza due to the weakness of the immune system, infection
with chronic respiratory, cardiovascular diseases, and non-immunity to influenza.9,10

MGs are defined as the concentration of people at a specific location for a particular reason
over an intended time interval which can strain the planning and response resources of the
country or community (ie, political, cultural, artistic, athletic, and religious).11,12 In addition,
MGs are presented as one of the main contributing factors to transmitting influenza worldwide
since individuals can spread the disease to their own country. Accordingly, other countries can
spread it by participating in anMG.13 Approximately 2–3 million people from 180 countries are
annually assembled for Hajj, which is considered the greatest global religious MG.14–16 This
gathering can lead to influenza transmission among the present population.17–20 Further, there
is a risk of rapid amplification and potential spread of flu by pilgrims traveling.21 In this regard,
overcrowding, poor sanitation, and air pollution all contribute to the transmission of infections,
the most important of which is an acute respiratory infection in Hajj.15 Furthermore, over-
crowding can cause prolonged unavoidable close contact and increase the risk of spreading
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respiratory pathogens among the pilgrims.22 Annually, more than
one-third of Hajj pilgrims suffer from respiratory symptoms
mostly due to respiratory viruses, especially the influenza virus.22

Various people receive vaccination against influenza before attend-
ing the Hajj ceremony, although they may be prone to this disease
due to insufficient immunity.23,24 Thus, some pilgrims are infected
and can transmit the disease to others through close contact.18,25–27

Infection with influenza is associated with pain, suffering, dis-
ability, and the pilgrim’s death, which imposes great expenses on
the health system of the nations.13 Numerous studies have focused
on the prevalence of influenza among pilgrims and reported different
statistics in this regard. Knowing about the prevalence of influenza
amongHajj pilgrims is essential regarding planning for its controlling
and making decisions about providing resources and required equip-
ment and performing interventions in this respect. Therefore, the
present systematic review and meta-analysis evaluated the prevalence
of influenza among Hajj pilgrims in order to enable health authorities
to adopt appropriate interventions in this regard.

Materials and Methods

Search Strategy

The current systematic review and meta-analysis investigated the
incidence of influenza among pilgrims based on related preferred

reporting items for systematic review andmeta-analysis (PRISMA)
guidelines.28 All research steps, including search, study selection,
article qualification, and data extraction, were conducted by 2
researchers (HS and AS) who were educated in the research
method field, and decisions were made by a third researcher
(MSK) in case of disagreement.

In the primary search, all English articles published by the end
of 2019 were extracted by searching through several databases such
as Web of Science, PubMed, Scopus, Cochrane Library, Science
Direct, and Google Scholar. Additionally, all articles with medical
subject headings and key terms were searched separately or in
combination with other words using “AND” and “OR” operators.
The topic search terms were as follows:

(1) “hadj” OR “hajj” OR “pilgrimage”
(2) “influenza” OR “human influenza” OR “respiratory tract

infection” OR “acute respiratory infection” OR “pneumonia
viral”

(3) “prevalence” OR “prevalence rate”
(4) #1 AND #2 AND #3

Eligibility Criteria and Study Selection

The inclusion criterion included all English studies reporting the
prevalence of influenza, whereas the exclusion criteria were those
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Figure 1. The review process based on the PRISMA flow diagram.
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Table 1. General characteristics of eligible influenza studies for systematic review

Author Years of Study Place of Study Sample Size Prevalence of Influenza (%)
Prevalence of Influenza

Type A (%)
Prevalence of Influenza

Type B (%)
Prevalence of Influenza

Type C (%)

Alborzi A47 2009 Iran 255 9.80 (6.73–14.07) 4.71 (2.71–8.04) 4.31 (2.43–7.56) 0.78 (0.22–2.81)

AlSaleh E50 2005 Saudi Arabia 360 12.78 (9.72–16.62) 3.33 (1.92–5.74) 9.44 (6.84–12.91) NA

Ashshi A9 2014 7 Countries 1600 NA 7.5 (6.31–8.89) NA NA

Kholeidi AN51 2001 Saudi Arabia 305 14.75 (11.21–19.17) 3.93 (2.26–6.75) 8.85 (6.16–12.57) NA

Memish ZA52 2011 Saudi Arabia 519 NA 1.54 (0.78–3.01) NA NA

Ziyaeyan M53 2012 Iran 305 NA 4.26 (2.51–7.15) NA NA

Annan A38 2015 Ghana 651 NA 1.69 (0.95–3.00) NA NA

Atabani SF54 2016 England 202 NA 13.86 (9.77–19.3) NA NA

Aberle JH55 2014 Austria 1000 0.70 (0.34–1.44) 0.2 (0.05–0.73) 0.3 (0.1–0.88) 0.2 (0.05–0.73)

Balkhy HH39 2004 7 Countries 2032 2.66 (2.04–3.45) 0.15 (0.05–0.43) 1.33 (0.91–1.93) 1.18 (0.79–1.75)

Koul PA40 2017 India 8753 0.38 (0.27–0.53) 0.25 (0.17–0.38) 0.13 (0.07–0.22) NA

Moattari A56 2012 Iran 3000 1.00 (0.70–1.42) 0.43 (0.25–0.74) 0.57 (0.35–0.91) NA

Refaey S16 2017 Egypt 3364 14.39 (13.24–15.61) 9.04 (8.11–10.05) 5.35 (4.64–6.16) NA

Xuezheng Ma57 2017 China 847 6.73 (5.23–8.62) 4.01 (2.89–5.56) 1.65 (0.99–2.76) 1.06 (0.56–2.01)

Yavarian J41 2016 Iran 9107 15.07 (14.35–15.81) 12.86 (12.19–13.56) 2.21 (1.92–2.53) NA

2015 Iran 14453 16.81 (16.21–17.43) 13.9 (13.35–14.47) 2.91 (2.65–3.2) NA

2014 Iran 6630 9.85 (9.15–10.59) 5.99 (5.44–6.58) 3.86 (3.42–4.35) NA

2013 Iran 8321 4.71 (4.28–5.19) 3.47 (3.1–3.89) 1.24 (1.02–1.5) NA

Rashid H58 2008 United Kingdom 150 11.33 (7.20–17.40) 8.67 (5.13–14.26) 2.67 (1.04–6.66) NA

Saudi Arabia 110 10.00 (5.68–17.02) 8.18 (4.36–14.82) 1.82 (0.5–6.39) NA

Imani R59 2013 Iran 338 3.55 (2.04–6.10) NA NA NA

Benkouiten S60 2014 France 129 7.75 (4.26–13.68) 6.2 (3.18–11.76) 1.55 (0.43–5.48) NA

Note: Seven countries included China, India, Brazil, Mexico, Russia, Indonesia, and Turkey.
NA = not available.
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studies evaluating other infectious respiratory diseases with no
report on the prevalence of influenza and non-English and non-
original studies including review articles and research letters.
Based on the inclusion and exclusion criteria, the titles and abstracts

of all studies were screened by 2 researchers (HS and AS), followed
by their independent evaluation of the full texts of possible related
studies and extraction of final studies for quality assessment.

Figure 2. Pooled prevalence of influenza (%) based on the random-effects model.
Note: The midpoint of each line segment and the length of the line segment indicate the prevalence estimate and a 95% confidence interval in each study, respectively, and the
diamond mark illustrates the pooled prevalence of influenza.

Figure 3. Pooled prevalence of influenza subtype A (%) based on the random-effects model.
Note: The midpoint of each line segment and the length of the line segment represent the prevalence estimate and a 95% confidence interval in each study, respectively, and the
diamond mark displays the pooled prevalence of influenza subtype A.
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It should be noted that the third researcher (MSK) resolved disagree-
ments between the 2 abovementioned researchers in all steps.

Quality Assessment and Data Extraction

The two researchers independently used the checklist of
Strengthening the Reporting of Observational Studies in
Epidemiology for the quality assessment of the studies.29 This check-
list contained 22 different parts, scoring was based on the impor-
tance of each part, and the lowest score for study qualification
was 15 out of 33.30,31 In the present study, a score of 20 and above
was acceptable.31 In addition, the data were extracted using a pre-
prepared checklist, including the name of the author, the place
and time of the study, sample size, along the type and prevalence
of influenza. As previously mentioned, disagreements between the
researchers were resolved by the researcher MSK.

Statistical Analysis

Random- and fixed-effect (in meta-analysis) models were applied
to combine the results in heterogeneous and homogeneous studies,
respectively. Further, I2 32 and Cochran Q tests32 were used to
evaluate data heterogeneity, followed by using the degree of hetero-
geneity to assess the I2 index. Furthermore, low, moderate, and
high degrees of heterogeneity were represented as 25, 50, and
75%, respectively. It is noteworthy that fixed and random effect

models were used if I2 ≤ 50% and> 50%, respectively.33,34 Then,
meta-regression was applied to evaluate the source of hetero-
geneity, and P< 0.05 was considered statistically significant. It
should be noted that the publication bias was controlled by funnel
plots and Begg’s tests, and the trim-and-fill method was employed
to provide adjusted estimates for the publication bias, if any.35

Additionally, a sensitivity analysis36 was performed to investigate
the influence of each individual study or a group of studies on the
overall prevalence estimate at a time. For instance, studies with
small sample size or a low-quality score were deleted from the
analysis. Eventually, data were analyzed using STATA software,
version 14.0 (StataCorp, College Station, TX).

Results

The present systematic review and meta-analysis included 794
studies after primary examinations. Following removing duplica-
tions, 735 studies were evaluated, and, finally, 18 cases with desir-
able quality on the prevalence of influenza among pilgrims were
entered into the meta-analysis process (Figure 1). In addition,
62 431 samples from among the MGs of Hajj pilgrims were exam-
ined in this study.

The evaluation of studies indicated that the highest prevalence
rate of influenza was found among Iranian (16.8%) and Saudi
Arabian (14.8%) pilgrims, whereas the lowest rate was related to

Figure 4. Pooled prevalence of influenza subtype B (%) based on the random-effects model.
Note: The midpoint of each line segment denotes the prevalence estimate, and the length of the line segment indicates a 95% confidence interval in each study. In addition, the
diamond mark demonstrates the pooled prevalence of influenza subtype B.
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Indian (0.4%) and Australian (0.7%) pilgrims. Further, the preva-
lence rate of types A and B influenza was reported as 0.14–13.9 and
0.3–9.4% (see Table 1).

Based on the findings of this meta-analysis, the overall preva-
lence rate of viral influenza among pilgrims and the prevalence of
types A, B, and C influenza were estimated at 5.9 (95% CI: 4.3-8.0),
3.6 (95% CI: 2.6-4.9), 2.9 (95% CI: 2.8-3.1), and 0.9% (95% CI: 0.5-
1.5), respectively (Figures 2-5).

Considering heterogeneity between the studies conducted on
the total prevalence of influenza (I2: 99%), subtypes A (I2:
98.6%) and B (I2: 96.7%) were analyzed by the random effect
model, whereas the fixed effect model was performed in subtype
C due to the homogeneity of the studies (I2: 50.2%).

Furthermore, meta-regression was used to examine the rela-
tionship between the year of the study and the prevalence of influ-
enza. Based on the results (Figure 6), the prevalence of influenza
decreased by an increase in the year of the study, although the rela-
tionship was not significant (P= 0.6). Additionally, evaluating the
studies by the Begg’s test revealed no publication bias (P= 0.21).

Discussion

Based on the analysis, the overall prevalence rate of all types of
influenza among pilgrims was estimated at 5.9%, and the preva-
lence rates of types A, B, and C influenza were 3.6, 2.9, and
0.9%, respectively. In Hajj, various pilgrims from different age
groups, health status, and infection potentialities get in close con-
tact with each other and create a great challenge to public health by
spreading respiratory diseases every year.37 Several studies14,16,38–41

reported a higher prevalence of influenza (1.3–20.7%) compared

with other viruses among pilgrims from different countries,
including Saudi Arabia, Iran, China, India, Egypt, Jordan,
Ghana, France, and the UK. In another study, type A influenza
was more common (0.6–13.9%) than type B influenza (0.8–
6.8%).26 In a review study by Gautret et al., the prevalence rate
of influenza among Hajj pilgrims was reported as 4.5–
13.9%, and those of types A and B influenza were 0.6–15.8 and
0–11.5%.,26 respectively, representing the highest prevalence rate
for type A influenza. In addition, Al-Tawfiq et al. reported a
1.6–1.8% prevalence rate for type A subtype H1N1 influenza.42

Figure 5. Pooled prevalence of influenza subtype C (%) based on the fixed-effects model.
Note: Themidpoint of each line segment and the length of the line segment indicate the prevalence estimate and a 95% confidence interval in each study, respectively. Further, the
diamond mark represents the pooled prevalence of influenza subtype C.

Figure 6. Meta-regression chart of the prevalence of influenza and publication year
of the study.
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In their review study on Iranian pilgrims, Razavi et al. demon-
strated the total prevalence of influenza and the incidence of types
A and B as 10.68, 1.5, and 20%, respectively.43 Based on the finding
of a study evaluating the prevalence of all types of influenza in 2014
Hajj, type A influenza was the most predominant virus among the
pilgrims (27.8%).26 In the current meta-analysis, the prevalence of
influenza was extracted and statistically analyzed in 18 studies, and
the results indicated that this disease was prevalent among the pil-
grims. Millions of people from different countries travel to Saudi
Arabia every year, imposing high costs on the health care systems
of countries and thus leading to suffering, disability, and, in some
cases, death. In general, various factors can increase the prevalence
of influenza among pilgrims, including the lack of observing
hygiene while having contact with other people (eg, shaking
hands), using a mask, receiving vaccines, and separating patients
infected with influenza from others.12,44,45 Although vaccination
is one of the common approaches to prevent influenza infections
and most countries suggest it to pilgrims, the average immunity
due to the vaccine is reported as 59–63%.46 Further, flu virus detec-
tion among vaccinated persons during Hajj is not uncommon due
to a possible mismatch between the vaccine and circulating
strains.22,26,38,47 Therefore, new guidelines and protocols are rec-
ommended for immunizing influenza in the Hajj in order to
increase vaccine coverage and adequate protection against this
disease.26

It is noteworthy that controlling influenza among pilgrims
requires adopting managerial and educational principles in terms
of the comprehensive observance of hygiene to prevent influenza
infections and reduce the prevalence of this disease among pil-
grims. Furthermore, using syndromic surveillance as a primary
warning system during Hajj is necessary for controlling infectious
diseases. More precisely, the international use of syndromic sur-
veillance can have an impressive effect on reducing the release
and transmission of such diseases. Eventually, it could prevent
the influenza pandemic, which can play an important role in global
health security.48,49

Limitations

The present study had some limitations. The prevalence of influ-
enza and its subtypes were not reported in some studies, and the
study population was not specified in some studies.

Conclusion

Based on the findings, influenza remains prevalent, despite vacci-
nating pilgrims and following health protocols. Regarding themas-
sive population of pilgrims, different individuals get infected with
this disease due to religious gatherings every year, and the infection
rate among pilgrims intensifies by the occurrence of influenza
epidemics. In general, adopting managerial and educational
approaches toward the comprehensive observance of sanitation
among pilgrims is suggested for reducing the prevalence rate of
influenza and its undesirable consequences among these people.
Ultimately, syndromic surveillance is required in this regard, since
it is effective in preventing, controlling, and effectively responding
to contagious diseases such as influenza.

Acknowledgments. We would like to thank Dr Sanaz Sohrabizadeh for her
technical support of this research.

Conflict(s) of Interest. The authors declare no potential conflicts of interest
with respect to the research, authorship, and/or publication of this paper.

References

1. Caini S, Kusznierz G, Garate VV, et al. The epidemiological signature of
influenza B virus and its B/Victoria and B/Yamagata lineages in the 21st
century. PLoS One. 2019;14(9):e0222381.

2. Centers for Disease Control and Prevention (CDC). National Center for
Immunization and Respiratory Diseases (NCIRD). Types of influenza
viruses. 2018. https://www.cdc.gov/flu/about/viruses/types.htm. Accessed
Jan 7, 2020.

3. Dikmen AU, Aksakal FNB, Aycan Z, Aycan S. Prevalence of influenza
vaccination among health care workers and adverse effects after vaccina-
tion: a cross-sectional study. J Surg Med. 2019;3(7):520–524.

4. World Health Organization. Influenza (seasonal). April 2009. Accessed
Jan 8, 2020.

5. Rambaut A, Pybus OG, NelsonMI, et al. The genomic and epidemiologi-
cal dynamics of human influenza A virus. Nature. 2008;453(7195):615.

6. Vasoo S, Stevens J, Singh K. Rapid antigen tests for diagnosis of pandemic
(swine) influenza A/H1N1. Clin Infect Dis. 2009;49(7):1090–1093.

7. ChristmanMC,Kedwaii A, Xu J, et al.Pandemic (H1N1) 2009 virus revis-
ited: an evolutionary retrospective. Infect Genet Evol. 2011;11(5):803–811.

8. Crawford P, Dubovi EJ, Castleman WL, et al. Transmission of equine
influenza virus to dogs. Science. 2005;310(5747):482–485.

9. Ashshi A, Azhar E, Johargy A, et al.Demographic distribution and trans-
mission potential of influenza A and 2009 pandemic influenza A H1N1 in
pilgrims. J Infect Dev Countr. 2014;8(09):1169–1175.

10. Haghshenas M, Jafarian E, Babamahmoodi F, et al. Prevalence of influ-
enza A/H3N2 virus in northern Iran from 2011 to 2013. Caspian J Intern
Med. 2015;6(2):116.

11. Karampourian A, Ghomian Z, Khorasani-Zavareh D. Exploring chal-
lenges of health system preparedness for communicable diseases in
Arbaeen mass gathering: a qualitative study. F1000Research. 2018;7:1448.

12. Karampourian A, Khorasani-Zavareh D, Ghomian Z. Communicable
diseases pattern in religious mass gatherings: a systematic review. J Clin
Diagn Res. 2019;13(2):LE01–LE06.

13. Alzeer AH. Respiratory tract infection during Hajj. Ann Thorac Med.
2009;4(2):50.

14. Al-Abdallat MM, Rha B, Alqasrawi S, et al. Acute respiratory infections
among returning Hajj pilgrims – Jordan, 2014. J Clin Virol. 2017;89:
34–37.

15. Alqahtani AS,Wiley KE, TashaniM, et al. Exploring barriers to and facil-
itators of preventive measures against infectious diseases among Australian
Hajj pilgrims: cross-sectional studies before and after Hajj. Int J Infect Dis.
2016;47:53–59.

16. Refaey S, AminMM, Roguski K, et al. Cross-sectional survey and surveil-
lance for influenza viruses and MERS-CoV among Egyptian pilgrims
returning from Hajj during 2012-2015. Influenza Other Respir Viruses.
2017;11(1):57–60.

17. Al-Asmary S, Al-Shehri A-S, Abou-Zeid A, et al. Acute respiratory tract
infections among Hajj medical mission personnel, Saudi Arabia. Int J Infect
Dis. 2007;11(3):268–272.

18. Al-Tawfiq JA, Zumla A, Memish ZA. Respiratory tract infections during
the annualHajj: potential risks andmitigation strategies.CurrOpin Pulmon
Med. 2013;19(3):192–197.

19. Memish ZA, Assiri A, Turkestani A, et al.Mass gathering and globaliza-
tion of respiratory pathogens during the 2013 Hajj. Clin Microbiol Infect.
2015;21(6):571. e571-571. e578.

20. Memish ZA, Zumla A, Alhakeem RF, et al. Hajj: infectious disease sur-
veillance and control. Lancet. 2014;383(9934):2073–2082.

21. Forde AM. The Hajj. Influenza Other Respir Viruses. 2012;6(6):e72–e73.
22. HashemAM,Al-Subhi TL, BadroonNA, et al.MERS-CoV, influenza and

other respiratory viruses among symptomatic pilgrims during 2014 Hajj
season. J Med Virol. 2019;91(6):911–917.

Disaster Medicine and Public Health Preparedness 1227

https://doi.org/10.1017/dmp.2020.472 Published online by Cambridge University Press

https://www.cdc.gov/flu/about/viruses/types.htm
https://doi.org/10.1017/dmp.2020.472


23. Alqahtani A, Rashid H, Heywood A. Vaccinations against respiratory
tract infections at Hajj. Clin Microbiol Infect. 2015;21(2):115–127.

24. Ortiz JR, PerutM,Dumolard L, et al.Aglobal review of national influenza
immunization policies: analysis of the 2014 WHO/UNICEF Joint
Reporting Form on immunization. Vaccine. 2016;34(45):5400–5405.

25. Al-Tawfiq JA, Memish ZA. Prevention of pneumococcal infections during
mass gathering. Hum Vaccin Immunother. 2016;12(2):326–330.

26. Gautret P, Benkouiten S, Al-Tawfiq JA,MemishZA.Hajj-associated viral
respiratory infections: a systematic review. Travel Med Infect Dis. 2016;
14(2):92–109.

27. Haworth E, Barasheed O, Memish ZA, et al. Prevention of influenza at
Hajj: applications for mass gatherings. J Royal Soc Med. 2013;106(6):
215–223.

28. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for sys-
tematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Syst Rev. 2015;4(1):1.

29. Von Elm E, Altman DG, Egger M, et al. The strengthening the reporting
of observational studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. Int J Surg. 2014;12(12):1495–1499.

30. Daliri S, Safarpour H, Bazyar J, et al. The relationship between some neo-
natal and maternal factors during pregnancy with the prevalence of con-
genital malformations in Iran: a systematic review and meta-analysis.
J Matern-Fetal Neonatal Med. 2019;32(21):3666–3674.

31. Bazyar J, Pourvakhshoori N, Safarpour H, et al.Hospital disaster prepar-
edness in Iran: a systematic review and meta-analysis. Iran J Public Health.
2020;49(5):837–850.

32. Crippa A, Khudyakov P, WangM, et al. A newmeasure of between-stud-
ies heterogeneity in meta-analysis. Stat Med. 2016;35(21):3661–3675.

33. Lin L.Comparison of four heterogeneity measures for meta-analysis. J Eval
Clin Pract. 2020;26(1):376–384.

34. Huedo-Medina TB, Sánchez-Meca J, Marín-Martínez F, Botella J.
Assessing heterogeneity in meta-analysis: Q statistic or I2 index? Psychol
Methods. 2006;11(2):193.

35. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629–634.

36. Copas J, Shi JQ. Meta-analysis, funnel plots and sensitivity analysis.
Biostatistics. 2000;1(3):247–262.

37. Al-Tawfiq JA, Gautret P, Benkouiten S,MemishZA.Mass gatherings and
the spread of respiratory infections. Lessons from the Hajj.Ann AmThorac
Soc. 2016;13(6):759–765.

38. Annan A, Owusu M, Marfo KS, et al. High prevalence of common respi-
ratory viruses and no evidence of Middle East respiratory syndrome coro-
navirus in Hajj pilgrims returning to Ghana, 2013. Trop Med Int Health.
2015;20(6):807–812.

39. BalkhyHH,Memish ZA, Bafaqeer S, AlmuneefMA. Influenza a common
viral infection among Hajj pilgrims: time for routine surveillance and vac-
cination. J Travel Med. 2004;11(2):82–86.

40. Koul PA, Mir H, Saha S, 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;15:45–47.

41. Yavarian J, Jandaghi NZS, Naseri M, et al. Influenza virus but not MERS
coronavirus circulation in Iran, 2013–2016: Comparison between pilgrims
and general population. Travel Med Infect Dis. 2018;21:51–55.

42. Al-Tawfiq JA, Benkouiten S, Memish ZA. A systematic review of emerg-
ing respiratory viruses at the Hajj and possible coinfection with
Streptococcus pneumoniae. Travel Med Infect Dis. 2018;23:6–13.

43. Razavi SM, Torabi SM, Salamati P. Treatment and prevention of acute
respiratory infections among IranianHajj pilgrims: a 5-year follow up study
and review of the literature. Med J Islam Repub Iran. 2014;28:31.

44. Aledort JE, Lurie N, Wasserman J, Bozzette SA. Non-pharmaceutical
public health interventions for pandemic influenza: an evaluation of the
evidence base. BMC Public Health. 2007;7(1):208.

45. Oshitani H. Potential benefits and limitations of various strategies to mit-
igate the impact of an influenza pandemic. J Infect Chemother. 2006;12(4):
167–171.

46. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effec-
tiveness of influenza vaccines: a systematic review and meta-analysis.
Lancet Infect Dis. 2012;12(1):36–44.

47. Alborzi A, Aelami MH, Ziyaeyan M, et al. Viral etiology of acute respi-
ratory infections among Iranian Hajj pilgrims, 2006. J Travel Med.
2009;16(4):239–242.

48. Alotaibi BM, Yezli S, Bin Saeed A-AA, et al. Strengthening health security
at theHajj mass gatherings: characteristics of the infectious diseases surveil-
lance systems operational during the 2015 Hajj. J Travel Med. 2017;24(3):
taw087.

49. Benkouiten S, Al-Tawfiq JA, Memish ZA, et al.Clinical respiratory infec-
tions and pneumonia during the Hajj pilgrimage: a systematic review.
Travel Med Infect Dis. 2019;28:15–26.

50. AlSaleh E, Al Mazroua M, Choudhary AJ, et al. Serotypes of influenza
during Hajj season, 1424 H (2004). Saudi Epidemiol Bull. 2005;12(1):1–12.

51. Kholeidi D, Baksh MF, Al Mazam AA, Ashry G. Seropositivity in clinical
influenza cases among pilgrims duringHajj, 1421Ha. Saudi Epidemiol Bull.
2001;8(4):27–28.

52. Memish ZA, Assiri AM, Hussain R, et al. Detection of respiratory viruses
among pilgrims in Saudi Arabia during the time of a declared influenza A
(H1N1) pandemic. J Travel Med. 2011;19(1):15–21.

53. ZiyaeyanM, Alborzi A, Jamalidoust M, et al. Pandemic 2009 influenza A
(H1N1) infection among 2009 Hajj pilgrims from Southern Iran: a real-
time RT-PCR-based study. Influenza Other Respir Viruses. 2012;6(6):
e80–e84.

54. Atabani SF, Wilson S, Overton-Lewis C, et al. Active screening and sur-
veillance in the United Kingdom for Middle East respiratory 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;47:10–14.

55. Aberle JH, Popow-KrauppT, Kreidl P, et al. InfluenzaA and B viruses but
not MERS-CoV in Hajj pilgrims, Austria, 2014. Emerg Infect Dis.
2015;21(4):726.

56. Moattari A, Emami A, Moghadami M, Honarvar B. Influenza viral infec-
tions among the Iranian Hajj pilgrims returning to Shiraz, Fars Province,
Iran. Influenza Other Respir Viruses. 2012;6(6):e77–e79.

57. Ma X, Liu F, Liu L, et al. No MERS-CoV but positive influenza viruses in
returning Hajj pilgrims, China, 2013–2015. BMC Infect Dis. 2017;
17(1):715.

58. RashidH, Shafi S, Haworth E, et al.Viral respiratory infections at theHajj:
comparison between UK and Saudi pilgrims. Clin Microbiol Infect.
2008;14(6):569–574.

59. Imani R, Karimi A, Habibian R. Acute respiratory viral infections among
Tamattu’ Hajj pilgrims in Iran. Life Sci J. 2013;10(3):449–453.

60. Benkouiten S, Charrel R, Belhouchat K, et al. Respiratory viruses and
bacteria among pilgrims during the 2013 Hajj. Emerg Infect Dis. 2014;
20(11):1821.

1228 H Safarpour et al.

https://doi.org/10.1017/dmp.2020.472 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.472

	Prevalence of Influenza Among Hajj Pilgrims: A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Search Strategy
	Eligibility Criteria and Study Selection
	Quality Assessment and Data Extraction
	Statistical Analysis

	Results
	Discussion
	Limitations

	Conclusion
	References


