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Introduction

The Muslim Hajj pilgrimage in Saudi Arabia, is among the largest annual religious mass gatherings on earth. Each year, it welcomes more than 2 million pilgrims from more than 180 countries, a third of whom come from outside Saudi Arabia. The Hajj takes place in three main places in the Mecca area, which are the Grand Mosque in the Holy city of Mecca, the Mina valley and the plain of Arafat (about 5 and 18 kilometers from Mecca respectively) [START_REF] Gatrad | Hajj: journey of a lifetime[END_REF]. A large proportion of pilgrims are elderly people, many with chronic diseases [START_REF] Memish | Hajj: infectious disease surveillance and control[END_REF]. Furthermore, the presence of many pilgrims from different countries around the world and overcrowding considerably increase the risk to contract infectious diseases, particularly respiratory and gastrointestinal infections, resulting in a considerable demand for antibiotic use [START_REF] Abubakar | Global perspectives for prevention of infectious diseases associated with mass gatherings[END_REF][START_REF] Al-Tawfiq | Mass gatherings and infectious diseases: prevention, detection, and control[END_REF]. The predominance of bacterial pathogens in Hajj-related gastrointestinal infections poses a major public health risk due to the potential emergence and transmission of antimicrobial resistant bacteria [START_REF] El Ghany | Enteric Infections Circulating during Hajj Seasons, 2011-2013[END_REF]. Antibiotic resistant gastro-intestinal and respiratory organisms have been frequently isolated from Hajj pilgrims [START_REF] Asghar | Frequency and antimicrobial susceptibility patterns of bacterial pathogens isolated from septicemic patients in Makkah hospitals[END_REF][START_REF] Asghar | Frequency and antimicrobial susceptibility of gram negative bacteria isolated from 2 hospitals in Makkah, Saudi Arabia[END_REF][START_REF] Leangapichart | Risk factors for acquisition of CTX-M genes in pilgrims during Hajj 2013 and 2014[END_REF][START_REF] Leangapichart | Acquisition of extended-spectrum b-lactamases by Escherichia coli and Klebsiella pneumoniae in gut microbiota of pilgrims during the hajj pilgrimage of 2013[END_REF][START_REF] Leangapichart | Acquisition of a high diversity of bacteria during the Hajj pilgrimage, including Acinetobacter baumannii with blaOXA-72 and Escherichia coli with blaNDM-5 carbapenemase genes[END_REF][START_REF] Leangapichart | Acquisition of mcr-1 plasmid-mediated colistin resistance in Escherichia coli and Klebsiella pneumoniae during Hajj 2013 and 2014[END_REF]. Although a prescription has been required in order to receive antibiotics in Saudi Arabia for more than 30 years [START_REF] Bawazir | Prescribing pattern at community pharmacies in Saudi Arabia[END_REF], many pilgrims use antibiotic without a prescription [START_REF] Azeem | Knowledge, Attitude and Practice (KAP) Survey Concerning Antimicrobial Use among Australian Hajj Pilgrims[END_REF]. To date, few studies on the appropriateness of antibiotic use among pilgrims were conducted. The objective of this study is to assess the prevalence of antibiotic use during Hajj over a period from 2012 to 2017 among French pilgrims and to study the demographic and clinical determinants associated with antibiotic use during this event. We also conducted a systematic review on available evidence for antibiotic consumption in relation to respiratory tract infections (RTIs) during the Hajj.

Methods

Prospective cohort

Participants and study design

Pilgrims from Marseille, France participating in the Hajj from 2012 to 2017 were recruited at a specialized travel agency organizing trips to Mecca. Potential adult participants were invited to participate in the study. They were recruited and followed-up by a medical bilingual (Arabic and French) doctor who traveled with the group. The participants were interviewed using a standardized pre-Hajj questionnaire that collected information on demographic characteristics and medical conditions before departing from France. A post-Hajj questionnaire that collected clinical data and information on the use of antibiotics was completed two days before the pilgrims' return to France.

Influenza-like illness (ILI) was defined in the current study as the presence of subjective fever, sore throat and cough [START_REF] Rashid | Influenza and the Hajj: defining influenza-like illness clinically[END_REF]. Possible pulmonary involvement requiring antibiotic therapy was suspected based on the presence of the following symptoms: productive cough without nasal or throat symptoms; febrile productive cough; dyspnea or febrile dyspnea, according to expert consensus statements [START_REF]Antibiothérapie par voie générale en pratique courante dans les infections respiratoires basses[END_REF][START_REF] Hill | Adult Outpatients With Acute Cough Due to Suspected Pneumonia or Influenza: CHEST Guideline and Expert Panel Report[END_REF]. Streptococcal pharyngitis was suspected based on the presence of fever and sore throat without cough or runny nose [START_REF] Choby | Diagnosis and treatment of streptococcal pharyngitis[END_REF]. The protocol was approved by the Aix-Marseille University institutional review board (July 23 rd , 2013; reference no. 2013-A00961-44). The study was performed according to the good clinical practices recommended by the Declaration of Helsinki and its amendments. All participants provided a written consent.

Statistical analysis

Statistical analysis was conducted using STATA software version 11.1 (Copyright 2009 StataCorp LP, http://www.stata.com). Differences in the proportions were tested by Pearson's chi-square or Fisher's exact tests when appropriate. Unadjusted associations between multiple factors and prevalence of antibiotics use for respiratory symptoms were examined by univariate analysis. The results were presented by percentages and risk ratio (RR) with 95% confidence interval (95%CI).

Results with a p value ≤0.05were considered statistically significant. Only the variables with a prevalence ≥5.0% were considered for statistical analysis. Variables with p values <0.2 in the univariate analysis were included in the multivariate analysis. Log-binomial regression was used to calculate adjusted risk ratios regarding antibiotic consumption [START_REF] Mcnutt | Estimating the relative risk in cohort studies and clinical trials of common outcomes[END_REF].

Review of antibiotic use during the Hajj

Search strategy and selection criteria

This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines (http://www.prisma-statement. org). The following databases were investigated in an attempt to identify all relevant studies published on: PubMed (http:// www.ncbi.nlm.nih.gov/pubmed) and Google Scholar (http://scholar.google.fr/). The most recent search was conducted on November 12, 2018. The topic search terms used for searching the databases were the following: #1: "Hajj" OR "pilgrims" #2: "antibiotic" OR "antibacterial" OR "antimicrobial" OR "treatment" #3: #1 AND #2 Only articles published in English were included. For inclusion, articles had to fulfil three criteria:

(1) be related to Hajj, (2) be conducted among group of pilgrims independently to the presence of symptoms and (3) report the use of antibiotic. Studies that recruited only sick pilgrims from hospitals or outpatient departments, case reports and reviews were excluded. Reference lists of selected articles were screened to identify studies that might have been missing from the research.

Two researchers (GP and HVT) independently performed the screening of the abstracts. Any discordant result was discussed in a consensus meeting. After screening the abstracts, the full texts of the articles were assessed for eligibility by the same two researchers and selected or rejected for inclusion in the systematic review.

Data collection process

The following data (if available) were extracted from each article: year, countries of origin of pilgrims, study design, sample size of attendees, prevalence of symptoms and ratio of antibiotic use.

Data synthesis and analysis

As a result of the nature of the studies and the heterogeneity in patient populations, a formal metaanalysis was not possible. Therefore, the study results were summarized to describe the main outcomes of interest (i.e. the prevalence of antibiotic use). When possible, percentages not presented in the articles were calculated from the available data.

Results

Cohort survey during the Hajj 2012-2017

Characteristics of study participants

A total of 783 of the 803 pilgrims contacted (97.5%) agreed to participate in our study and completed the questionnaire required before the trip. Of them, 754 (96.3%) also responded to the post-Hajj questionnaire. 328 pilgrims were male (41.9%) with a gender ratio of 1:1.4. The median age was 62 years of age (interquartile = (54-68), min = 21, max = 96 years). Hypertension (28.0%) and diabetes (29.4 %) were the most common comorbidities (Table 1).

Clinical features and antibiotic intake during the Hajj

Figure 1 shows the prevalence of respiratory symptoms and antibiotic use among pilgrims during the Hajj. Most frequent symptoms were cough (77.8%, 587/754), rhinitis (57.3%, 432/754) and sore throat (65.1%, 491/754). 26.1% (197/754) of pilgrims had ILI and 26.3% (198/754) had a possible pulmonary involvement. Only 2 pilgrims presented with symptoms of possible streptococcal pharyngitis and both used antibiotics. At total, 3 patients were hospitalized. Two days prior to leave Saudi Arabia, 46.6% (351/754) of pilgrims were still symptomatic. A total of 47.6% (359/754) of pilgrims took antibiotics during their pilgrimage, representing 55.6% of ill pilgrims. Beta-lactams were the most commonly used antibiotic (35.0%), followed by macrolides (11.4%), cephalosporines (2.3%), quinolones (1.5%) and sulfonamides (0.1%).

Determinants associated with antibiotic consumption during the Hajj and impact of antibiotics on respiratory symptoms

Table 2 shows results of univariate and multivariate analysis about determinants associated with antibiotic consumption. Pilgrims suffering from productive cough or fever were three times and twice as likely, respectively, to have used antibiotics than others (aRR = 2.97, 95%CI [2.28-3.88], p<0.0001 and aRR = 2.01, 95%CI [1.53-2.63], p<0.0001 respectively). Dry cough, sore throat and voice failure were also associated with increased antibiotic use. Of note, antibiotic intake was not significantly increased in individuals with a possible pulmonary involvement compared to others (18.7% versus 28.9% respectively) (Table 2).

With regard to the persistence of respiratory symptoms post-Hajj, no socio-demographic factors and no chronic conditions was associated. Antibiotic intake was associated with increased frequency of symptom persistence (aRR = 1.31, 95%CI [1.04-1.66], p=0.02) (Table 3). This increase was only observed in pilgrims with symptoms of LRTI (RR = 1.86, 95%CI [1.32-2.61], p = 0.0002) but not in those with symptoms of URTI (RR = 0.93, 95%CI [0.75-1.15], p = 0.50) (data not shown).

Review on antibiotic consumption at the Hajj

through the manual search. After screening the titles and abstracts, 14 articles were eventually retained for full-text assessment. All 14 articles were included in the qualitative synthesis of the systematic review (supplementary figure 1). Studies were conducted during the Hajj seasons from 1999 to 2016 and included a total of 7774 pilgrims originating from various countries, including Pakistan, Malaysia, Ireland, US, Singapore, UK, Iran, Australia and India. Most studies were conducted based on a prospective cohort follow-up design and some used a cross-sectional survey design. RTIs were common among pilgrims and hospitalization rates were low. The use of antibiotic for RTIs during the Hajj varied by nationality, from 7% in a Singaporean survey in 2001 to 58.5% among Iranian pilgrims in 2012. In 9 studies out of 14, the antibiotic consumption prevalence was >30% [START_REF] Azeem | Knowledge, Attitude and Practice (KAP) Survey Concerning Antimicrobial Use among Australian Hajj Pilgrims[END_REF][START_REF] Qureshi | The incidence of vaccine preventable influenza-like illness and medication use among Pakistani pilgrims to the Haj in Saudi Arabia[END_REF][START_REF] Ali | An Analysis of the Pattern of Travel-Related Morbidity Reported by Hajj Pilgrims: An Irish Perspective[END_REF][START_REF] Hashim | The prevalence and preventive measures of the respiratory illness among Malaysian pilgrims in 2013 Hajj season[END_REF][START_REF] Dull | Neisseria meningitidis serogroup W-135 carriage among US travelers to the 2001 Hajj[END_REF][START_REF] Wilder-Smith | Acquisition of W135 meningococcal carriage in Hajj pilgrims and transmission to household contacts: prospective study[END_REF][START_REF] Wilder-Smith | Meningococcal carriage in Umra pilgrims returning from Saudi Arabia[END_REF][START_REF] Wilder-Smith | Absence of Neisseria meningitidis W-135 electrophoretic Type 37 during the Hajj, 2002[END_REF][START_REF] El Bashir | Meningococcal W135 carriage; enhanced surveillance amongst east London Muslim pilgrims and their household contacts before and after attending the 2002 Hajj[END_REF][START_REF] Alborzi | Meningococcal carrier rate before and after hajj pilgrimage: effect of single dose ciprofloxacin on carriage[END_REF][START_REF] Metanat | Pharyngeal carriage rate of Neisseria meningitidis before and after the Hajj pilgrimage[END_REF][START_REF] Memish | Mass gathering and globalization of respiratory pathogens during the 2013 Hajj[END_REF][START_REF] Azeem | Surveillance of Australian Hajj pilgrims for carriage of potentially pathogenic bacteria: Data from two pilot studies[END_REF][START_REF] Ganaie | Impact of Hajj on the S. pneumoniae carriage among Indian pilgrims during 2016 -a longitudinal molecular surveillance study[END_REF] (Table 4).

Discussion

Our study confirms that RTIs are common during the Hajj with a high proportion of antibiotic use of 47.6%. The multivariate analysis showed that upper respiratory tract infection (URTI) symptoms (dry cough, sore throat and voice failure), productive cough and fever were independent factors associated with increased antibiotic use. In this study, only 26.3% of pilgrims reported clinical symptoms, suggesting a lower respiratory tract infection (LRTI) that may require antibiotic use according to the French recommendations [START_REF]Antibiothérapie par voie générale en pratique courante dans les infections respiratoires basses[END_REF]. The antibiotic consumption, however, was lower in patients with a possible pulmonary involvement compared to others presenting with symptoms of URTI. According to the French recommendations [START_REF]Antibiothérapie par voie générale en pratique courante dans les infections respiratoires basses[END_REF], only 142/359 (39.6%) of pilgrims who have used an antibiotic had an indication for their use. By contrast, 57/198 (28.8%) pilgrims with a possible LRTI did not receive antibiotic although they had an indication for them. Furthermore, pilgrims who took antibiotics during their stay were significantly more likely to present with persisting symptoms of LRTI, post-Hajj. A possible explanation for this finding is that the sicker patients were more likely to take antibiotics and also more likely to have persistent symptoms.

Alternatively, antibiotics may have altered either the underlying flora or the immune responses in ways that impeded recovery.

The high prevalence of antibiotic use at the Hajj is not observed among French pilgrims only. Our review shows that a high proportion of pilgrims of different nationality used antibiotics during their pilgrimage because of RTIs. In a survey conducted among 1162 pilgrims from 13 different countries in 2013, at the Jeddah airport, 62% ILI was observed after the Hajj and 45.5% received antibiotic [START_REF] Memish | Mass gathering and globalization of respiratory pathogens during the 2013 Hajj[END_REF]. Most RTI cases during the Hajj are URTIs, while pneumonia is uncommon among pilgrims [START_REF] Qureshi | The incidence of vaccine preventable influenza-like illness and medication use among Pakistani pilgrims to the Haj in Saudi Arabia[END_REF][START_REF] Ali | An Analysis of the Pattern of Travel-Related Morbidity Reported by Hajj Pilgrims: An Irish Perspective[END_REF][START_REF] Hashim | The prevalence and preventive measures of the respiratory illness among Malaysian pilgrims in 2013 Hajj season[END_REF][START_REF] Mustafa | A case-control study of influenza vaccine effectiveness among Malaysian pilgrims attending the Haj in Saudi Arabia[END_REF]. Most URTIs are due to viruses with no formal need for antibiotic treatment [START_REF] Cars | Antibiotic use and bacterial complications following upper respiratory tract infections: a population-based study[END_REF].

Antibiotic resistance of bacteria in Saudi Arabia has recently emerged for several reasons, including self-prescribing of antibiotics by patients, irrational or over-prescription by medical staffs, subtherapeutic doses of antimicrobial agents and poor case management by unsuitable combinations and, non-compliance with prescribed treatments by patients. In one study conducted at one hospital in Jeddah, 59.3% Klebsiella pneumoniae respiratory isolates were resistant to ampicillin and piperacillin [START_REF] Alam | A surveillance study on the prevalence and antimicrobial resistance pattern among different groups of bacteria isolated from Western province of Saudi Arabia[END_REF]. In another study, conducted at one hospital in Taif, 30.5% gram-negative bacteria isolates had an extended spectrum β-lactamases phenotype [START_REF] Ghonaim | Risk factors and molecular features of extended-spectrum beta-lactamase producing bacteria at southwest of Saudi Arabia[END_REF]. Recent publications have shown that antibiotic-resistant bacteria acquisition at the Hajj is frequent [START_REF] Leangapichart | Emergence of drug resistant bacteria at the Hajj: A systematic review[END_REF]. Among French pilgrim cohorts sampled in 2013 and 2014 a significant acquisition of extended spectrum β-lactamases-, carpabenemase-producing bacteria or mcr-1-positive isolates was reported [START_REF] Leangapichart | Risk factors for acquisition of CTX-M genes in pilgrims during Hajj 2013 and 2014[END_REF][START_REF] Leangapichart | Acquisition of extended-spectrum b-lactamases by Escherichia coli and Klebsiella pneumoniae in gut microbiota of pilgrims during the hajj pilgrimage of 2013[END_REF][START_REF] Leangapichart | Acquisition of a high diversity of bacteria during the Hajj pilgrimage, including Acinetobacter baumannii with blaOXA-72 and Escherichia coli with blaNDM-5 carbapenemase genes[END_REF][START_REF] Leangapichart | Acquisition of mcr-1 plasmid-mediated colistin resistance in Escherichia coli and Klebsiella pneumoniae during Hajj 2013 and 2014[END_REF]. It is therefore likely that antibiotics used by French pilgrims in the present study, might have been at least partially ineffective in treating LRTI symptoms.

The assessment of the bacterial origin of RTI in pilgrims would necessitate taking a sputum sample before starting treatment for identification and sensitivity testing, since antibiotic intake prior to pneumonia diagnosis can impair the detection of the causative agent [START_REF] Falguera | Etiology and outcome of communityacquired pneumonia in patients with diabetes mellitus[END_REF]. However, most of ill pilgrims are seen in outpatient clinics or by medical missions. In this context, paraclinical diagnosis such as radiology and the culture of respiratory pathogens is difficult and the prescription of antibiotics is often based on the clinical evaluation of the patient. Therefore, antibiotic prescription should be restricted to patients presenting with symptoms of LRTI. Access to antibiotic without prescription is another cause of high prevalence of antibiotic use during the Hajj. A recent knowledge, attitude and practice survey showed that 66.6% pilgrims accessed antibiotics without prescription through a pharmacist. Over 87% of them used non-prescribed antibiotics. A proportion of 79.2% used multiple sources to access antibiotics. Only 12.7% of respondents indicated that in the event of illness, they would visit a clinic and only take the medications prescribed by a doctor. A proportion of 26.5% used antibiotics prescribed to them by a doctor for a previous illness and 10% antibiotics prescribed by doctors for their relatives [START_REF] Yezli | Knowledge, attitude and practice (KAP) survey regarding antibiotic use among pilgrims attending the 2015 Hajj mass gathering[END_REF].

In a study conducted during the Grand Magal de Touba, in Senegal, in 2017, 41.8% pilgrims reported respiratory symptoms and only 2.7% received antibiotics [START_REF] Hoang | Respiratory and gastrointestinal infections at the 2017 Grand Magal de Touba, Senegal: A prospective cohort survey[END_REF]. We are not aware about studies documenting the antibiotic intake among participant to other mass gatherings. Such studies would be of interest.

Our study was based on questionnaires and has some limitations including notably the lack of data about clinical examination of participants, the lack of radiological and microbiological documentation of RTIs and the lack of duration of antibiotic treatment. Also we did not differentiated self-prescription of antibiotics and antibiotics prescription by the accompanying doctor.

Conclusion necessary to follow the recommendations for antibiotic use based on clinical symptoms in pilgrims

in order to raise rational consumption of antibiotics during Hajj. A pilgrim education strategy on Hajj-related pathologies and indications of antibiotics and the promotion of influenza and pneumococcal vaccination is needed. In particular, it is important to organize information sessions before travel to Mecca, or to use documents (flyers) or information online. In addition, it is important to control the delivery of antibiotics in the countries of origin of pilgrims and to enforce the legislations of KSA government [START_REF] Yezli | Knowledge, attitude and practice (KAP) survey regarding antibiotic use among pilgrims attending the 2015 Hajj mass gathering[END_REF]. Rapid identification tests for respiratory pathogens could help medical staff in charge of pilgrims to rationalize their prescriptions for antibiotics. 
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 1 Figure 1: Antibiotic consumption according to respiratory tract infections during the Hajj 2012-2017 (N=783)
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 2 Associated factor to antibiotic consumption during the Hajj (N=754)

	Variables

Table 3 :

 3 Associated factors to persistence of respiratory symptoms at return from the Hajj (uni-and multi-variate analysis (N = 646 ill pilgrims)

				Persistence of respiratory symptoms
	Variables			RR	aRR
			n (%)	P-value	P-value
				[95%CI]	[95%CI]
	Socio-demographic characteristics			
	Gender	Male	148 (46.7)	1.01	
				0.92	
		Female	202 (46.3)	[0.86-1.18]	
	Age*	≥ 60 years	214 (56.6)	1.10	
				0.18	
		<60 years	136 (51.3)	[0.95-1.28]	
	Comorbidities				
	Diabetes mellitus*	Yes	95 (52.2)	0.95	
				0.51	
		No	254 (55.1)	[0.81-1.14]	
	Hypertension*	Yes	114 (58.8)	1.12	
				0.13	
		No	235 (52.3)	[0.97-1.30]	
	Chronic respiratory	Yes	41 (59.4)	1.11	
				0.36	
	disease*	No	308 (53.7)	[0.90-1.37]	
	Chronic heart	Yes	29 (58.0)	1.07	
				0.58	
	disease*	No	320 (54.0)	[0.84-1.38]	
	Antibiotic consumption				
	Antibiotic intake	Yes	209 (58.4)	1.18	1.31
				0.02	0.02
		No	142 (49.3)	[1.02-1.37]	[1.04-1.66]

Table 4 :

 4 Review of literature on antibiotic consumption during the Hajj

	Pilgrim					
			Number of		Prevalence of	
	age	Study design		Prevalence of respiratory symptoms		Reference
			pilgrims		antibiotic intake	
	year					
	2013	Cross-sectional study conducted among	1162	Not documented	34.9%. The reason for	14
		Australian Hajj pilgrims in Mina and Mecca,			antibiotic use was: RTIs	
		Saudi Arabia			in 83.9% cases	
	1999	Prospective cohort study conducted among	2070	ILI (sore throat and cough or temperature	26.6%	19
		Pakistani Hajj pilgrims enrolled in Pakistan		≥ 38°C) 47.9%		
		before the Hajj based on identification		URTI (cough or sore throat or rhinitis or		
		numbers attributed by the Pakistani		myalgia or headache) 72.2%		
		government		Hospitalization 0.3%		
	2008	Prospective cohort study conducted among	167	Sore throat or cough or ILI 79% per-Hajj	31%	20
		Irish Hajj pilgrims recruited at a travel clinic.		and 15% post-Hajj		
				Hospitalization 1.2% with 1 case of		
				pneumonia and 1 case of tonsillitis.		

ILI: influenza like illness, URTI: upper respiratory tract infection, RTI: respiratory tract infection
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