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Abstract

Background: Hajj is the annual mass gathering of Muslims, ana ieservoir and
potential source of bacterial transmission. Thergerece of bacterial transmission,
including multi-drug resistance (MDR) bacteria, idgrHajj has not been
systematically assessed.

Methods:. Articles in Pubmed, Scopus, and Google scholaewtntified using
controlled words relating to antibiotic resistaiia®) at the Hajj from January 2002
to January 2017. Eligible studies were identifigdwo researchers. AR patterns of
bacteria were obtained for each study.

Results: We included 31 publications involving pilgrims, jHaorkers or local
patients attending hospitals in Mecca, Mina, amdMledina area. Most of these
publications provided antibiotic susceptibility uéts. Ten of them used the PCR
approach to identify AR genes. MRSA carriage wasred in pilgrims and food
handlers at a rate of 20%. Low rates of vancomyesistant gram-positive bacteria
were reported in pilgrims and patients. The prevadeof third-generation
cephalosporin-resistant bacteria was common itdtjeregion. Across all studies,
carbapenem-resistant bacteria were detected i finare 10% oE.coli isolates
tested but up to 100% K. pneumoniae andA. baumannii. Colistin-resistant
Salmonella enterica, includingmer-1 colistin-resistanE.coli andK.pneumoniae were
only detected in the pilgrim cohorts.

Conclusion: This study provides an overview of the prevaleoicBIDR bacteria at
the Hajj. Pilgrims are at high risk of AR bacteti@nsmission and may carry and
transfer these bacteria when returning to theiréncountries. Thus, pilgrims should

be instructed by health care practitioners abogtdme practices aiming at reducing
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traveler’'s diarrhea and limited use of antibioticsing travel in order to reduce the
risk of MDR bacterial transmission.

Keywords

Hajj; multidrug resistant bacteria; pilgrims; bacécarriage; bacterial transmission;
systematic review; Saudi Arabia

1. Introduction

Hajj (pilgrimage to Mecca) is the largest annuabmgathering of Muslims with more
than two million participants every year from mdnan 184 countries gathering in
Saudi Arabia. During their journey, pilgrims vitfie Holy Mosque in Mecca, stay in
a tented camp in Mina and usually travel to MedirjaThis mass gathering has a
high potential for an outbreak due to the transioissf infectious diseases among
pilgrims via person-to-person contact, contamin&eds or water, and the
environment [1]. During the Hajj season, pilgrinne eequired to follow time-
sensitive religious rituals at specific times dtetent places simultaneously for a
week. This intensely crowded situation has thermgakefor outbreaks of
meningococcal disease [2], for the transmissiotuleérculosis [3] other bacterial and
viral respiratory tract infections [4] and for dilaeal diseases [5]. Additionally, many
pilgrims travel to the Hajj in a group, sharingisport and accommodation including
airlines and buses, food, tents, and toilets fweak, which constitutes an additional
risk for transmission of communicable diseases. &ltays, the global spread of
antibiotic-resistant (AR) bacteria, such as extengjgctrum beta-lactamase
Enterobacteriaceae (ESBL-E), through internatitnaadelers is common [4,5]. The
acquisition of carbapenem-resistant bacteria lesladen described in travelers,
including NDM-1 in travelers returning to the Ukofn India or KPC-producing

bacteria in travelers returning to France fromUiméted States [6]. AR bacteria are
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prevalent in Saudi Arabia [7—11]. Hajj pilgrims tafore have the potential to
disseminate or acquire AR bacteria during thely steé6audi Arabia and to spread
these bacteria when returning to their home couhteye, we review the available
literature on the prevalence of major gram-posiimd gram-negative AR bacteria
isolated in pilgrims or other populations livingtime area where pilgrims stay,
including Mecca, Mina, and Medina.

2. Methods

We performed a systematic review according to tteéelred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) dinde
(http://www.prismastatement.orgljhe electronic literature search was conducted in
three electronic databases, Pubmed, Scopus, amgleéS8cholar, for articles about
the emergence of antibiotic resistant bacteriandutthe Hajj. Searches were specified
only in Hajj areas including Mecca, Mina, and MedirPapers published from
January 2002 to January 2017 and written in Englste included. MeSH terms
included “Gram positive bacteria”, “Streptococcu$Staphylococcus”,
“Enterococcus”, “Gram negative bacteria”, “Acinedaber”, “Enterobacteriaceae”,
“Campylobacter”, “Escherichia”, “Klebsiella”, “Nesgria”, “Pseudomonas”,
“Salmonella”, “Shigella”, “Yersinia”, “methicillin} “MRSA”, “vancomycin”,

“VRSA”, “WVRE”, “carbapenem”, “Extended spectrumESBL”, “colistin”, “drug
resistant”, “ colonization”, “susceptibility”, “Hgj, “pilgrims”, “Makkah”, “Mecca”,
“Mina”, “Madinah”, and “Medina” (see Appendix). Treearch results were imported
into the Mendeley references manager and de-dugticdhe articles were
independently screened based on titles and alstygdtvo researchers
(Leangapichart and Gautret) and any discord wasisis®d between the two

researchers. In addition, the Saudi epidemiolodieti
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(http://fetp.edu.sa/Bulletin.html) was hand seadctoe additional papers for
inclusion. Studies were eligible for inclusionhiety reported on phenotypic and/or
genetic antibiotic resistance patterns and provptegtalence data. We excluded case
reports. Reference lists of selected papers weeeed to retrieve additional
relevant studies. The following data were extra¢tech each study: year of study,
geographical area, study setting, demographic$ebalcspecies investigated, and
antibiotic resistance patterns. Prevalence of bactesistant to a given antibiotic was
calculated from the number of AR bacteria dividgdhe total number of isolates
tested.

3. Results

3.1 Study selection

A total of 275 papers resulted from the initialreba After de-duplication, 185 studies
were screened based on abstract content and 148eweluded. Subsequently, 37
full-text articles were assessed for eligibilityda®il were included in the qualitative
synthesis of the systematic review with the fingblpcation in July 2002 (Figure 1).
Most of the publications provided antibiotic suddapty results. Eleven of them

used the PCR approach to identify AR genes. Tha firadings are presented in
Tables 1 and 2.

3.2 Studies conducted in pilgrimsand Hajj workers (Table 1).

A total of 14 publications were retrieved [12-25{udies were conducted during the
Hajj season from 2000 through 2015. Most studieewenducted in Mecca and
Medina, and one study was conducted in the Mina. 8tidy designs included cross-
sectional surveys enrolling ill pilgrims attendingalth care structures in Saudi
Arabia and food handlers and kitchen workers froecté. Other studies were

prospective-cohort studies and were conductedanof pilgrims before and after



125  participating in the Hajj or the Umrah. The numb&mdividuals in each study varied
126  from 80 to 374. Participants originated from diéfiet continents and countries (the
127  Gulf region, Europe, Asia, Africa, America), witihhet majority from Saudi Arabia and
128 France. Participants were selected through trayataes, food facilities in Mecca
129 and various Saudi health care structures. Studiegucted involving ill pilgrims

130 included patients suffering from skin infection@]lrespiratory tract infections [23]
131 and urinary tract infections [25]. In two studif#®e syndromic classification of

132  infectious diseases was not documented [14,24]t Baaples were collected using
133  nasal swabs (for respiratory pathogens), and reatabs (for intestinal pathogens).
134  Clinical infections in ill pilgrims were document&ufive studies while nine studies
135 reported on asymptomatic bacterial carriage inrjpilg and Hajj workers (5

136  respiratory carriage studies and 4 digestive agergudies). Only one study analyzed
137  risk factors for CTX-M acquisition by PCR detectionFrench pilgrims, during

138 2013-2014 Hajj. Shortness of breath, diarrhea,faladtam use were significantly
139 associated with high CTX-M acquisition. By contrdke use of macrolide was

140 associated with low CTX-M acquisition.

141  3.2.1 Studiesinvestigating MRSA colonization and resistant Streptococcus

142  pneumoniae

143  Several studies addressed oxacillin or methiciisistantSaphyl ococcus aureus

144 (MRSA) carriage, starting from the 2000 Hajj.

145 [l pilgrims consulting hospitals during the Hajj

146  The proportion of MRSA in positive isolates repdrie patients varied according to
147  the type of infection, reaching 2% in pilgrims sufhg from pyoderma in 2000 [12],

148 7% in patients suffering from various types of otfen in 2004, 28% in pilgrims



149  suffering from sinusitis in 2014 and 63% in pilgamvith community acquired

150 infections in 2015 [14,23,24].

151  Cohorts of pilgrims and food handlers

152  The acquisition of MRSA by pilgrims was also invgated through longitudinal
153  surveys in 2009. The prevalence of MRSA among pesisolates was 15-20% in
154  Hajj pilgrims and 10-11% in Umrah pilgrims with s@nificant difference before
155 and after participating in the events [15]. Addiadly, food handlers working in
156 restaurants in Mecca were screened for MRSA camiging the Hajj 2001-2002
157 and 2014 resulting, respectively, in 0 and 20% MR&tification in positive

158 isolates [13,22]. One study addressed the caroagesistanS pneumoniae in a
159  multinational cohort of pilgrims and showed tha®28f isolates were resistant to
160  multiple antibiotics (resistant to three or morassles of antibiotics) [17].

161  3.2.2 Studiesinvestigating ESBL colonization

162  Cohortsof pilgrims

163  Five studies were prospectively conducted in cahafrfFrench pilgrims before,
164  during and after the Hajj with the aim of evalugtthe carriage of resistant

165  pathogens[16,18-21]. During the 2013 and 2014 $&sggons, studies were conducted
166 using rectal and/or and nasal samples obtaineddafal after the Hajj. The

167  prevalence of thblactx-m gene in rectal samples was 10% before-Hajj conapare
168  33% after-Hajj in 2013 [18] and 7% before-Hajj caamgd to 34.83% after-Hajj in
169 2014 [19]. There was also a significant increas@number of pilgrims harboring
170 E. coli which was resistant to ceftriaxone and ticarcitliavulanic acid [18].

171  3.2.3 Studiesinvestigating car bapenem-resistant bacteria colonization

172 Cohorts of pilgrims
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Screening of carbapenemase genes by qPCR in sactglles of pilgrims before and
after Hajj showed the acquisition Af baumannii with blapxa-72 andE. coli with
blanpm-s in @ French cohort traveling to the 2014 Hajj [21]

Il pilgrims consulting hospitals during the Hajj

During the 2014-2015 Hajj, tH#acTx-v gene inE. coli isolates was reported among
47% of pilgrims attending hospitals for urinarydranfections [25]. The 3GC-
resistantA. baumannii were observed at 91% during the 2014 Hajj [21] anb in ill
pilgrims during the 2015 Hajj [24]. Overall, imipem-resistant bacteria were
reported during the 2014-2015 Hajj at a rate ragfriom 1 to 90% irA. baumannii,

E. cali, K. pneumoniae, andP. aeruginosa [21,23,24].

3.2.4 Studiesinvestigating colistin resistant bacteria colonization

Cohorts of pilgrims

Salmonella enterica which were resistant to ceftriaxone, gentamycith emlistin were
isolated from two pilgrims [16]. Screening for thmer-1 plasmid-mediated colistin
resistance gene directly from rectal swabs waswaed in 2013 and 2014, and
showed a prevalence of 1-2% before-Hajj and 9%-&ftgj. Rectal swabs from
positive individuals allowed culturingicr-1 producingk. coli andK. pneumoniae
[20].

3.3 Studies conducted in patients attending hospitalsin Mecca and Medina
(Table?2).

A total of 17 studies presented the prevalenceRbActeria in local patients as
shown in Table 2 [26—42]. Studies were conductethf2003 through 2015.

Fifteen studies were conducted in Mecca, while stunlies were conducted in the
Medina area. All studies were cross-sectional sigeenducted on patients attending

general hospitals in Saudi Arabia and one was atiedwon clinical isolates obtained
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from clinical laboratories. The numbers of patienteach study varied from 43 to
1,626 [26—42]. The patients’ origin was not docutednn 12 studies. In studies with
available data, the origin of patients was prinya8audi Arabia. Studies were
conducted on patients suffering from various dissakie to bacterial infection
including skin infections [34], blood infectionsgd36], digestive tract infections [27],
and diarrhea [42]. The type of infection was natwloented in most studies [26,29—
33,35,37,40,41]. Several types of samples wereceltl depending on the type of
bacterial infection using wound swabs, ear swayes sevabs, blood, sputum, urine,
and stool samples. Two studies did not documentythee of samples used [35,39].
Six studies reported the prevalence of MRSA iniseptic patients, diabetic patients
and patients with undocumented types of infectiwhgh ranged from 38.9-57.7% in
2003-2015 [26,28,30,34,35]. Identification of thenkBon-Valentine leucocidin (PVL)
toxin by PCR was done in two studies, and PVL tosE% in 2012 [35] but was 0%
in 2016 [40]. However, a later study reportedftigPA-encoding gene in MRSA
isolated from wound swabs at a rate of 8% and meamycin-resistant genes were
detected in this study [40].

One study conducted on patients belonging to 2Zdmealities suffering from gram-
positive bacterial infections reported a low rat@a@ancomycin-resistar. aureus
(VRSA) at 2%, vancomycin-resistalaihter ococcus faecalis at 3.5% and vancomycin-
resistanEnterococci (VRE) at 2%, but a high rate of ampicillin-resist&.
pneumoniae, at 21.1% [30]. Oxacillin-resistant coagulase-negasitaphylococci
(CoNS) were observed at a rate of 61% during 20WE282.4% during 2008-2009,
and 93.6% during 2012-2013, mainly in patients sebpsis [28,30,36].

Some studies reported 3GC-resistabli, K. pneumoniae, andA. baumannii in

patients with different bacterial infections durip@05-2015, ranging from 18.8% to
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94% [29,33,34,41]. ESBL gendsacrx-m, blarey, andblasyy, were reported in two
studies conducted in ICU patients. The proportibblactx-v andblargy in E.coli
andK. pneumoniae cases were similar at 18.5-30% bufirbaumannii was71-81%,
while the rate oblagyy was 7.4% irkE. coli, 17.2% inK. pneumoniae, and 0% inA.
baumannii [31,38]. Overall, low rates of imipenem-resistaatteria,E. coli andK.
pneumoniae were reported to vary at around 4-11.9% duringd2P015 [28,29,41]. A
high prevalence of imipenem-resisté&nbaumannii andP. aeruginosa were detected
at varying rates of 4-60.5% and 4-43%, respectivEie prevalence dflapxa-23 was
identified in 91% irA. baumannii isolates, causing infection in ICU patients during
2012-2013 [31]. The occurrence of metglltactamase genes among carbapenem-
resistantA. baumannii isolates during 2004-2014 was 11.5-27.1% carrplag, and
13.6% carryintblayyp. For carbapenem-resistdhitaeruginosa isolated from patients,
4.1-18.4% carrietlayy and 4.7-21.0% carridaayp [31,32,37]. One study
conducted on patients with peptic ulcer diseasend®003-2004 reported 31% of
Helicobacter pylori isolates as being resistant to metronidazole &de3istant to
tetracycline and erythromycin [27]. In additionjgdntoxin-producinge.coli was
investigated in patients suffering from diarrhed@ha Medina area. The report
indicated significant associations between humahsheep isolates, with 70% of
human isolates being resistant to trimethopriméua#thoxazole [42].

3.4 Assessment of antibiotic resistance patterns among bacterial isolates

When data were pooled from the 30 published repARspatterns of 28 studies were
compared between pilgrims and healthy participdatshg Hajj seasons and local
patients attending hospitals in Mecca, Mina, andliki& Two studies reported AR

genes only using the PCR method. The reported o&t&R bacteria vary between
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studies and hospitals. The comparisons of AR petterere arranged by group of
species and year of study (Figure 2-4).

3.4.1 Antibiotic resistance in Gram-positive bacteria

The prevalence and AR pattern of gram-positivedsactsolated from pilgrims and
Hajj workers, including local patients, drawn frdi8 studies are presented in Figure
2. The prevalence of resistance in patients @itureus isolated from Hajj seasons
was <30% for oxacillin but up to 100% in generdigrats. VRSA was identified in
six studies, of which one reported a 2% resistaateein local patients. CoNS and
Enterococcus sp. were not studied in pilgrims or Hajj workers baifpgatients from
Hajj areas. Compared to CoNEaterococcus sp., andStreptococcus sp., vancomycin
was the most active agent with a resistance raded8b. The resistance rate of CONS
increased from 26% to 82% for gentamicin during422@012; >70% for
erythromycin; and >50% to 63% for clindamycin. Tsistance rate of
Streptococcus spp. isolates to amoxicillin/clavulanic acid in pilgrinasid patients was
1-7% and was 7-26% for penicillin.

3.4.2 Antibiotic resistance in Enterobacteriaceae

Twelve studies performed antibiotic susceptibilégting orE.coli, Klebsiella sp.,
Enterobacter sp., Salmonella sp., andProteus sp. (Figure 3).

Overall, resistance rates Bicoli in pilgrims and local patients were similar, vauyi
from 5-100% for cephalosporins; <10% for imipeneneropenem, and ertapenem;
and 13-75% for gentamicin. Colistin-resist&xoli was observed in one pilgrim
study. Meanwhile, the occurrence of resistdbsiella sp. isolates among pilgrims
and patients was high, at 16-64% for cephalospaiis4-82% for imipenem. In
addition, the resistance ratekiiterobacter sp. to ciprofloxacin and gentamicin was

low at an early stage, but increased substantiaiting 2004-2015. Susceptibility
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testing ofSalmonella isolates was conducted in three studies. Mosatsslwere
susceptible to many antibiotic groups, includingkaain, imipenem, and
ciprofloxacin.

3.4.3 Antibiotic resistance in non-Enter obacteriaceae

The antibiotic resistance &f baumannii isolated from pilgrims and local patients
showed uniform resistance to cephalosporins wrésatance rate of 45-100%.
Resistance patterns Af baumannii to imipenem in patients or ill pilgrims ranged
between 14-100% but were 2% in healthy pilgrimsweleer, the resistance ratefaf
aeruginosa to imipenem decreased in local patients from 48%2%, from 42% to

20% for amikacin, and from 61% to 27% for gentamuhiiring 2004-2015 (Figure 4).

Discussion

The prevalence of AR bacteria has increased sogmfiy worldwide over the past
two decades. International travelers have been krfowyears to experience
alterations in gut microbiota due to the changeutfitional factors [43,44] and the
acquisition of AR bacteria through the use of datibs during travel [4]. By
attending the Hajj, millions of pilgrims presens@urce of infectious disease
transmission [1,45,46]. Pilgrims attending Hajj areimportant reservoir for the
spread and transmission of AR bacteria. Many factuch as crowded conditions,
airborne/droplet transmission, and lack of effitiparsonal hygiene, diarrhea, and
use of antimicrobial medications could be assodiatiéh the spread of AR bacteria.
Our review indicates the prevalence and increasiteggof AR bacteria in the Hajj
area include MRSA, 3GC-Enterobacteriaceae, imiperesistant bacteria, and
colistin-resistant bacteria. Resistance rates dd@&ween studies, although

comparison was difficult due to differences in #mgibiotics tested.



13

297  Community-acquired MRSA has been associated witbedl settings involving lots
298 of people and travelers [47]. In Saudi Arabia, rides of MRSA varied between

299 different regions ranging widely from 0.06% to 94i#studies conducted during
300 2002-2012 [48,49]. The personal hygiene of foodelhens and the sanitation of

301 restaurants in Mecca were investigated in 2007 odsitnating that 67% of food-

302 handlers do not wear gloves and 45% have dirtyefingils [50]. It is not surprising
303 that MRSA isolated from the food-handlers increasenh O during 2001-2002 to
304 20% during the 2014 Hajj [13,22] and to 63.2% ilgm@ms during the 2015 Hajj.

305 Cross contamination of bacteria from workers maguodetween people through
306 skin, hands and food. In addition, the presenc® afireus in a water tank supplying
307 the drinking water to private households’ in Mebes also been reported. The poor
308 condition of these water stations can result inrpeater quality [51].

309 Additionally, common diseases such as airbornestraéssion or respiratory tract

310 infections are well-documented in pilgrims througha acquisition of respiratory

311 viruses and bacteria [52], includiggpneumoniae, K. pneumoniae [53], andA.

312  baumannii [21]. The possible effect of desert dust and offaticles in the spread of
313 airborne bacteria has been documented (24), whightrbe related to very common
314 symptoms among pilgrims including the “Hajj coudgb4]. Several pilgrims have an
315 increased rate & pneumoniae acquisition at the Hajj, rising from 1.2 times3®

316 times during 2011-2013 [17,52,55,56].

317 Diarrhea is one of the most common problems am@wglers, and is associated with
318 the acquisition of ESBL bacteria. Twenty-one peta#rravelers with ESBL

319 acquisition had diarrhea [57]. ESBL-producing Eabaxcteriaceae were detected in a
320 single cohort study of pilgrims traveling to thel30Hajj, demonstrating the

321 possibility that several bacterial species mayyc@X-M type ESBL genes [16,18].
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A similar study was conducted &ncoli isolated from urinary tract infections in
pilgrims attending hospital in Mecca during the 2062015 Hajj [25]. These two
studies had the same circulating sequence tygecoli, ST131 and ST648. The
plasmid-mediated colistin resistance ganer,-1 was screened in pilgrims during
2013-2014 and revealed the constant acquisitienafahcr-1 at 9% at return [20].
This may suggest an identical source of bacta@aalsiission among pilgrims during
the Hajj season. The spread of clones and spégfes of AR genes might be related
to travel destination and food vehicles contamicdite MDR bacteria [58]. Thus, the
detection of AR genes in Mecca residents or enwr@mts related to pilgrims may be
a useful way of investigating the source of AR baat transmission. One limitation
of this study is the lack of data about diarrheavplence and use of antibiotics in
most included studies, which does not allow evahgeheir possible impact on the
prevalence of AR bacterial related infection orieae.

Recently, our group reported CTX-M genes acquisitlaring the 2013 and 2014
Hajj showing rates of acquisition at 31.0% and 34.8spectively [19]. Diarrhea and
use off3-lactam antibiotics during the Hajj were demongtao be independent risk
factors of CTX-M gene acquisition. Moreover, sheds of breath in pilgrims was
associated with CTX-M-gene acquisition and maceolide was shown to be an
independent protective factor against CTX-M-gergugstion [19]. Most of pilgrims
traveling to Hajj carry antibiotics from their horaeuntry or obtained from over the
counter in Saudi Arabia [59,60]. Pilgrims overusenisuse of antibiotics ranged
from 34.9% to 94.7% at the Hajj, which likely cabtrtes to increased resistance

[54,59—64].
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One study reported the negative association betweenolides and CTX-M
acquisition. Thus, restricted use of antibioticsiniy the Hajj should be highly
recommended.

In such a context, vaccination represents a keypooment in the fight against
antibiotic resistance. Vaccination against bact@adhogens or against viral agents
including notablyS pneumoniae and influenza virus directly and indirectly redsice
the need for antibiotics for both the control ahparily bacterial infections and super-
infection of viral diseases [65]. In addition, ashibeen well demonstrated that the
conjugate vaccine againStpneumoniae targets the most virulent serotypes
associated with invasive pneumococcal diseases) tiDare also associated with
antibiotic resistance [66—68]. These argumentdasir the need for compliance with
current recommendations for vaccinating at-riskj idggrims against IPD and
influenza [69].

The date of the Hajj changes from year to yeanaiidall in the summer season for
the next 10 years [70], which may provide a favgamnvironment for AR bacteria
and the spread of infectious diseases. In thigvewve presented the prevalence of
AR bacterial acquisition in pilgrims, including tpeevalence of AR bacteria in food
workers and patients living in the Hajj area, whselw an increase over the 2000-
2015-period. In Hajj season, the number of food@aing cases ranged from 44 to
132 for the last 12 years [71]. Pilgrims may acgiR bacteria from contaminated
food during preparation or storage, unpasteuriza gproducts, raw unpeeled fruit
and vegetables, or contaminated water. Thus, trempal hygiene of kitchen staff
including sanitary of food preparation area andagje should be improved and
monitored to reduce the rate of the transmissideadborne infections. Moreover,

pilgrims coming from different countries with difent cultures and life style are
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exposed to crowded food outlets, toilets, and atlseommodation and transportation
facilities with different personal hygiene standarbinplementation of effective
personal hygiene practices such as wearing a fas&,rmand hygiene, can be
effective approaches for reducing respiratory aigdstive illness. Additionally,
pilgrims should be instructed by travel medicinagtitioners for guiding hygienic
precautions, avoidance of diarrhea and unnecessargf antibiotics before travels.
Moreover, our review showed a high rate of restaamong gram-positive and
negative bacteria including MRSA and 3GC-Enterofaa@teae in local habitants;
whereas, VRSA, VRE, carbapenem and colistin-ragistacteria prevalence is still
low. However, carbapenem resistance emergen&ebaumannii andP. aeruginosa

is of concern in Mecca and Medina area. In Saudbi, antibiotics are easily
obtained from over the counter without legislatamestrictions on their use [72],
which may lead to increase AR bacteria prevaleHagh rates of AR bacterial
infection in patients hospitalized in Saudi Arailsiavorrying and physicians attending
patients in this area should be aware of the stn@nd undertake adapted isolation
measures. Therefore, controlling inappropriateaisntibiotics is the key for
reducing antibiotic resistance. Moreover, publio@tional campaigns to discourage
the use of antibiotics should be promoted. This malude country or global-wide
surveillance to monitor antibiotic consumption aadistance trends among local

population and international travelers includingjidgrims.
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Figurelegends

Figure 1 Study selection. Flow diagram of identificatiordagelection process
included in systematic review.

Figure 2 Antibiotic susceptibility patterns of gram-posgibacteria from in-Hajj and
out-Hajj periods. Blue highlights indicate the stwdas conducted during Hajj
seasons. Prevalence of bacteria resistant to a gmbiotic were calculated from the
number of AR bacteria divided by the total numbieisolates tested, red,67%;
orange, < 67% and 33%; green, <33% are highlighted. Different nursh

isolates tested for resistance are marked withigkte

Figure 3 Antibiotic susceptibility patterns of Enterobactegae from in-Hajj and
out-Hajj periods. Blue highlights indicate the stwdas conducted during Hajj
seasons. Prevalence of bacteria resistant to a gmiotic were calculated from the
number of AR bacteria divided by the total numbleisolates tested, red,67%;
orange, < 67% and 33%; green, <33% are highlighted. Different nursherisolates
tested for resistance are marked with asterisk.

Figure 4 Antibiotic susceptibility patterns @fcinetobacter sp. andPseudomonas
aeruginosa from in-Hajj and out-Hajj periods. Blue highlightsdicate the study was
conducted during Hajj seasons. Prevalence of hacatsistant to a given antibiotic
were calculated from the number of AR bacteriadidi by the total number of
isolates tested, red,67%; orange, < 67% am33%; green, <33% are highlighted.

Different numbers of isolates tested for resistaareemarked with asterisk.
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Appendix A. Supplementary data

Search strategy for the systematic review of the emergence of drug resistant
bacteria at the Hajj

Pubmed ((Gram positive[tiab] OR streptococc*[tiab] OR mitglo*[tiab] OR
enterococc*[tiab] OR Gram negative[tiab] OR Acinedot*[tiab] OR
Enterobacteri*[tiab] OR Entero bacteria*[tiab] ORtEric bacteria*[tiab] OR
Enterobacter*[tiab] OR Escherichia*[tiab] OR e ¢udib] OR Klebsiella*[tiab] OR
Campylobacter*[tiab] OR Salmonell*[tiab] OR Shigé@liab] OR Yersinia*[tiab] OR
Neisseria*[tiab] OR Pseudomonas*[tiab] OR methiciftiab] OR MRSA*[tiab] OR
vancomycin*[tiab] OR VRSA*[tiab] OR VRE*[tiab] ORarbapenem*[tiab] OR
ESBL*[tiab] OR Extended spectrum*[tiab] OR colistitiab])) AND ((resistan*[tiab]
OR coloni*[tiab] OR ((antibiotic*[tiab] OR antimiab*[tiab]) AND sensitivit*[tiab])
OR susceptib*[tiab])) AND (hadj*[tiab] OR hajj*[tia] OR pilgrim*[tiab] OR

Makkah[tiab] OR Mecca]tiab] OR Mina[tiab] OR Medjtiab] OR Madinah[tiab])

Scopus TITLE-ABS-KEY ( ( ( "Gram positive" ) OR Streptoccus* OR
Staphylococcus* OR Enterococ* OR ( ( "Gram negdti@R Acinetobacter* OR
enterobacteri* OR ( enter* W/1 bacteria* ) RCenterobacter* OR Escherichia*
OR "e coli" OR Klebsiella* OR Campylobacte®R Salmonell* OR Shigell*
OR Yersinia* OR Neisseria* OR Pseudomonas* ORhm#lin* OR MRSA* OR
vancomycin* OR VRSA* OR VRE* OR carbapenem* OR Exded-spectrum* OR
ESBL* OR colistin*)) AND (resistan* OR coloni* ORantibiotic* OR antimicrob*)
W/3 sensitivit*) OR susceptib*) AND ( hadj* OR jifaOR pilgrim* OR Makkah

OR Mecca OR Mina OR Medina OR Madinah))
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Google Scholar “Gram positive”|Streptococcus|Staphylococcus|Bat@rcus|“Gram
negative”|Acinetobacter|Enterobacteriaceae|Esdhalidebsiella| Campylobacter|Sal
monella|ShigellalYersinia|Neisseria|Pseudomondasicriet [ MRSA|vancomycin|VR
SA|VRE]|carbapenem|“Extended spectrum”|ESBL|colestiibiotic
resistance|resistant|colonization|colonisation¢qutgmlity|Hadj|Hajj|pilgrim|Makkah|

Mecca|Mina|Medina|Madinah
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Table 1. Prevalence of antibiotic resistance bacteria istL8ies conducted in pilgrims and Hajj workers

31

Period/Year Geographical ~ Study design Samples Country of origin Microbiological ~ Number of Bacteria or gene Number of Number of References
area techniques individuals with investigated individuals with individuals with
positive resistant bacteria/  resistant bacteria/
culture/number No. of individuals number of
of individual with positive individual tested
tested (%) culture (%) (%)
Hajj 2000 Mecca Cross-sectional Skin lesion Saudi Arabia (46.3%), Culture and 47/80 (58.8) Methicillin resistant 1/47 (2.1) 1/80 (1.3) Fatani et al.,
and 2001 survey conducted swabs Asia (26.3%), Arabian ~ AST Staphylococcus aureus 2002 [12]
in 80 ill pilgrims Peninsula (non-Saudi (MRSA)
attending the Arabia) (26.2%), and
dermatology clinic Europe (1.2%)
for pyoderma at
King Faisal
Hospital
Hajj 2001 Mecca Cross-sectional Nasal swabs, No data Culture and 45/428 (10.5) Enterotoxins producer 0/45 (0) 0/428 (0) Dablool and
and 2002 survey conducted throat swabs, AST MRSA Al-Ghamdi,
on 428 food nail swabs, 2011 [13]
handlers stool samples,
and wound
swabs when
available
Hajj 2004 Mina Cross-sectional Nasal, axilla, Saudi Arabia (59.3%), Culture, AST, 85/411 (20.7) MRSA 6/85 (7.1) 6/411(1.5) Memish et al.,
survey conducted groin and open  Egypt (17.3%), PCR 2006 [14]
on 411 ill pilgrims wound swabs Pakistan (6.2%),
attending the when available  Yemen (3.7%), Sudan
National Guard (8.7%), India (2.5%),
Health Affairs Chad (2.5%), Others
facility for medical (6.2%)
reason
Umrah 2009  Mecca Longitudinal survey  Nasal swabs Turkey (13.2%), Culture and 155/979 (15.8) MRSA 16/155 (10.3) 16/979 (1.6) before ~ Johargy et al.,
conducted on 979 Indonesia (13%), AST before and before and and 25/979 (2.6) 2011 [15]
pilgrims before and Pakistan (10.4%), 235/979 (24.0) 25/235 (10.6)
after the Umrah Syria (10%), Nigeria after after
(10%), Egypt (8%),
Iran (7.9%), UK
(5.7%), Iraq (5.7%),
Malaysia (4%), Libya
(2.8%), Sweden
(1.4%), US (0.4%),
Jordan (0.1%)
Hajj 2009 Mecca Longitudinal survey  Nasal swabs India (26.3%), Nigeria Culture and 153/613 (25.0) MRSA 30/153 (19.6) 30/613 (4.9) before  Johargy et al.,

conducted on 613
pilgrims before and
after the Hajj

(16.6%), Indonesia AST
(15.5%), Libya

(14.7%), Syria (11%),

UK (7.5%), Turkey

(5.7%), Australia

(1.8%), Sweden

before
and128/613
(20.9) after

before and
19/128 (14.8)
after

and 19/613 (3.1)
after

2011 [15]
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(0.5%) and Iran

(0.3%)
Hajj 2013 Mecca, Mina Longitudinal survey  Rectal France Culture, AST, 0/129 (0.0) ESBL and colistin-resistant 2/5 (40.0) after 2/129 (1.6) after Olaitan et al.,
and Medina conducted on 129 samples PCR before and Salmonella enterica 2015 [16]
pilgrims before and screening 5/129 (3.9)
after the Hajj after
Hajj 2013 Mecca and Longitudinal survey  Nasal swabs 12 countries in Africa, Culture and 110/1175 (9.4) Multidrug-resistant S. 25/110 (22.7) 25/1175 (2.1) Memish et al.,
Mina conducted on Asia, USA, and AST, MLST pneumoniae 2016 [17]
1,175 pilgrims Europe
before and 1,155
pilgrims after the
Haj
Hajj 2013 Mecca, Mina Longitudinal survey  Rectal France Culture*, AST, 18/129 (14.0) CRO-resistant E.coli 5/18 (27.8) before ~ 5/129 (3.9) before Leangapichart
and Medina conducted on 129 samples MLST, PCR before and and 18/36 (50.0) and 18/129 (14.0) etal., 2016 [18]
pilgrims, before screening in 36/129 (27.9) after after
and after the Hajj samples after Ticarcillin-clavulanic- 5/18 (27.8) before  5/129 (3.9) before
resistant E. coli and 13/36 (36.1) and 13/129 (10.1)
after after
PCR screening of AR gene 13/129 (10.1) 13/129 (10.1)
-CTX-M before and before and 42/129
42/129 (32.1) (32.1) after
after
Hajj 2014 Mecca, Mina Longitudinal survey  Rectal France PCR 7/89 (7.87) PCR screening of AR gene 7/89 (7.87) before  7/89 (7.87) before Leangapichart
and Medina conducted on 129 samples screening in before and -CTX-M and 31/89 (34.83) and 31/89 (34.83) etal., 2016 [19]
pilgrims (2013); 98 samples 31/89 (34.83) after after
pilgrims (2014) after
before, during and
after the Hajj
Hajj 2013 Mecca, Mina Longitudinal survey  Rectal France PCR - PCR screening of AR gene 2013: 2/129 (1.6) 2013: 2/129 (1.6) Leangapichart
and Hajj and Medina conducted on 129 samples screening of -mcr-1 colistin resistance before and before and 11/129 etal., 2016 [20]
2014 pilgrims (2013); 98 AR gene in gene 11/129 (8.53) (8.53) after, 2014:
pilgrims (2014) samples, after, 2014: 1/92 1/92 1.0) before
before, during and culture, AST, 1.0) before and and 9/90 (9.2) after
after the Hajj and MLST 9/90 (9.2) after
Hajj 2014 Mecca, Mina Longitudinal survey  Pharyngeal France Culture, PCR A.baumannii*0/  CRO-resistant A.baumannii 39/43 (90.6) 39/90 (43.3) Leangapichart
and Medina conducted on 98 and rectal screening in 98 before (0) etal., 2016 [21]
pilgrims (98 swabs samples, AST,  and 43/90
pilgrims before; 90 collected and MLST (47.8) after
pilgrims after the before and PCR screening of AR gene
Hajj) after Hajj -OXA-72 A.baumannii 1/90 (1.1) 1/90 (1.1)
-NDM-5 E.coli 1/90 (1.1) 1/90 (1.1)
Hajj 2014 Mecca Cross-sectional Nasal and No data Culture and 165/200 (40.3) MRSA 33/165 (20.0) 33/200 (16.5) Ahmed and
survey conducted hand skin PCR Mashat, 2014
on 200 male swabs [22]
workers from 50
kitchens
Hajj 2014 Mecca Cross-sectional Sinus GULF (58%), Asian Culture and 46/226 (20.4) MRSA 13/46 (28.3) 13/226 (5.8) Marglani et al.,
survey conducted secretion (12.4%), South Asia AST IMP-resistant K.pneumoniae  3/14 (21.4) 3/226 (1.3) 2016 [23]

on 226 pilgrims

swabs under

(11.9%), North Africa
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with acute endoscopic (11.5%), Africa

rhinosinusitis guidance (3.5%), Europe

attending Alnoor (2.2%), and American

Specialized (0.5%)

Hospital
January to Mecca Cross-sectional Urine, blood, Saudi Arabia (47.3%), Culture and 57/374 (15.2) MRSA 36/57 (63.2) 36/374 (9.6) Haseeb et al.,
June 2015 survey conducted sputum Pakistan (8%), Egypt AST ESBLs-E. coli 4/107 (3.7) 4/374 (1.1) 2016 [24]

on 374 ill pilgrims (6.4%), Bangladesh Ceftazidime-resistant A. 16/21 (76.2) 16/374 (4.3)

with community- (4%), Yemen (6.7%), baumannii

acquired infections Myanmar (5.3%), IMP-resistant E.coli 3/107 (2.8) 3/374 (0.8)

attending Al-Noor Nigeria (2.1%), IMP-resistant K.pneumoniae  5/6 (83.3%) 5/374 (1.3)

Specialist Hospital Indonesia (3.5%), IMP-resistant A.baumannii 9/10 (90.0) 9/374 (2.4)

and Ajyad Indian (3.5%), and IMP-resistant P.aeruginosa 5/45 (1.1) 5/374 (1.3)

Emergency others (13.1%)

Hospital
Hajj 2014 Mecca Cross-sectional Urine No data Culture, AST, 58 E.coli carrying AR genes Alyamani et al.,
and 2015 survey conducted PCR, and -CTX-M 27/58 (46.5) 27/58 (46.5) 2017 [25]

on 58 E.coli MLST -TEM 22/58 (37.9) 22/58 (37.9)

isolates from -SHV 2/58 (3.2) 2/58 (3.4)

pilgrims suffering -OXA-1 28/58 (48.3) 28/58 (48.3)

urinary tract -aac6 26/58 (44.8) 26/58 (44.8)

infection attending
two different
general hospitals,
which tried to be
consistent and to
present all studies
in a similar way

Cefotaxime and Cepacia selective medium

AST; Antibiotic susceptibility test
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Table 2. Prevalence of antibiotic resistance bacteria istlidies conducted in patients hospitalized in Meanod the Medina area.

Period/Year Geographical Study design Samples Country of origin Microbiological Number of Bacteria or gene investigated Number of Number of References
area techniques individuals with individuals with individuals with
positive culture resistant bacteria resistant
(or number of (or number of bacteria/
positive positive isolates / number of
isolates)/number No. of individuals individual tested
of individual with positive (%)
tested (or total culture (or total
number of number of
isolates) (%) isolates) (%)
April 2003 to Mecca Cross-sectional survey Wound swabs, No data Culture and 512/512 (100.0) MRSA 199/512 (38.9) 199/512 (38.9) Asghar and
March 2004 conducted on 512 S. ear swabs, eye AST Momenah,
aureus clinical isolates swabs, blood, 2006 [26]
from hospitalized urine, respiratory
patients attending tract
Al-Noor, King Abdul-
Aziz, Hera and King
Faisal hospitals
January 2003to  Mecca Cross-sectional survey Multiple biopsies ~ Saudi Arabia Culture and 132/132 (100.0) Metronidazole-resistant 41/132 (31.0) 41/132 (31.0) Karima 2006
February 2004 conducted on 132 from gastric (97.7%) others AST Helicobacter pylori [27]
patients with peptic antrum and (2.3%) Tetracycline and erythromycin 4/132 (3.0) 4/132 (3.0)
ulcer disease attending fundus, resistant H. pylori
Hera General Hospital duodenum
April 2004 to Mecca Cross-sectional survey Blood Saudi Arabia Culture and 1530/1626 Oxacillin-resistant CoNS 245/402 (61.0) 245/1626 (15.1)  Asghar 2006
March 2005 conducted on 1,626 (62.2%) others AST (94.1) MRSA 161/303 (53.0) 161/1626 (9.9) [28]
patients with sepsis (37.8%) IMP-resistant E.coli 7/148 (5.0) 7/1626 (0.4)
attending Al-Noor, King IMP-resistant Klebsiella sp. 4/109 (4.0) 4/1626 (0.2)
Abdul-Aziz, Hera, and IMP-resistant Acinetobacter sp. 18/127 (4.0) 18/1626 (1.1)
King Faisal hospitals IMP-resistant Pseudomonas sp.  61/142 (43.0) 61/1626 (3.8)
October 2005to  Mecca Cross-sectional survey Different sites of No data Culture and 1137/1137 CRO-resistant E.coli 28/149 (18.8) 28/965 (2.9) Asghar and
March 2006 conducted on 1,137 infection; urinary AST (100.0) CRO-resistant K.pneumoniae 11/148 (22.9) 11/965 (1.1) Faidah, 2009
clinical isolates from tract infection, IMP-resistant E.coli 6/74 (8.1) 6/965 (0.6) [29]
965 patients attending respiratory tract IMP-resistant K.pneumoniae 1/11 (9.1) 1/965 (0.1)
Al-Noor and Hera infection, wound
hospitals infection,
septicemia,
female genital
infection, and
other infections
May 2008 to Mecca Cross-sectional survey Different sites of 22 different Culture and 1087/1087 Oxacillin-resistant CoNS 85/97 (82.4) 85/1087 (7.8) Asghar 2011
April 2009 conducted on 1,087 infection; urinary ~ countries: Saudi AST (100.0) MRSA 271/688 (39.4) 271/1087 (24.9) [30]
patients with gram- tract infection, Arabia (81%), VRSA 9/441 (2.0) 9/1087 (0.8)
positive bacterial respiratory tract Pakistan (4.4%), Ampicillin-resistant S. 4/19 (21.1) 4/1087 (0.4)
infection attending Al- infection, wound Yemen (2.0%), pneumoniae
Noor, Hera, and King infection, Nigeria (1.9%), E. faecalis VRE 1/149 (2.0) 1/1087 (0.09)
Abdul-Aziz Hospitals septicemia/blood  Egypt (1.7%), Enterococcus spp. VRE 3/86 (3.5) 3/1087 (0.3)

culture, female
genital infection,
and ear/eye

others (9%)
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infections
September Mecca Cross-sectional survey Urine, wound Saudi Arabia Culture, AST, 509/509 (100.0) E.coli carrying AR genes Asghar 2012
2009 to March conducted on 509 swabs, and (50.9%), Pakistan PCR -CTX-M 10/54 (18.5) 10/313 (3.2) [31]
2010 clinical isolates from other sample (8.8%), India -TEM 10/54 (18.5) 10/313 (3.2)
313 ICU patients types (5.9%), Egypt -SHV 4/54 (7.4) 4/313 (1.3)
attending Al-Noor, (5.7%) and Yemen K.pneumoniae carrying AR
Hera, and King Abdul- (5.1%) genes
Aziz Hospitals -CTX-M 35/116 (30.1) 35/313 (11.1)
-TEM 22/116 (19.0) 22/313 (7.0)
-SHV 20/116 (17.2) 20/313 (6.4)
P.aeruginosa carrying AR genes
VIM 6/148 (4.1) 6/313 (1.9)
-IMP 7/148 (4.7) 7/313 (2.2)
-VIM&IMP 2/148 (1.4) 2/313 (0.6)
A.baumannii carrying AR genes
-VIM 22/191 (11.5) 22/313 (7.0)
-IMP 26/191 (13.6) 26/313 (8.3)
-VIM&IMP 6/191 (3.1) 6/313 (1.9)
September Mecca Cross-sectional survey Sputum, wound Saudi Arabia Culture, AST, 478/478 (100.0) MBL-producing P. aeruginosa 33/76 (43.4) 33/365 (9.0) Asghar 2012
2009 to March conducted on 478 swabs, and urine  (64%), Pakistan PCR carrying AR genes [32]
2010 clinical isolates from (7.1%), Egypt -IMP 16/76 (21.0) 16/365 (4.4)
365 ICU patients (5.0%), Yemen -VIM 14/76 (18.4) 14/365 (3.8)
attending Al-Noor, (3.3%), India -IMP&VIM 3/76 (3.9) 3/365 (0.8)
Hera, and King Abdul- (3.1%), and
Aziz hospitals Nigeria (1.9%)
February-April Mecca Cross-sectional survey Sputum, No data Culture and 43/43 (100.0) IMP-resistant A.baumannii 26/43 (60.5) 26/43 (60.5) Khan et al.,
2011 conducted on 43 endotracheal AST CTX-resistant A. baumannii 28/43 (65.1) 28/43 (65.1) 2012 [33]
hospitalized patients tube secretion,
attending Al-Noor, tracheal
Hera, Maternity and aspiration,
Children, King Abdul wound swabs,
Aziz, and King Faisal urine, and blood
hospitals
June 2011 to Mecca Cross-sectional survey Foot infection No data Culture and 129/138 (93.5) CTX-resistant E.coli 15/27 (55.6) 15/138 (10.9) Johargy
June 2012 conducted on 138 and urinary tract AST MRSA 15/26 (57.7) 15/138 (10.9) 2016 [34]
diabetic patients infection
attending Umm Al-Qura  samples
University
March to Mecca Cross-sectional survey No data No data Culture and 206/206 (100.0) MRSA carrying AR genes Asghar 2014
September conducted on 206 S. PCR mecA 100/206 (48.5) 100/206 (48.5) [35]
2012 aureus isolates PVL 19/100 (19.0) 19/206 (9.2)
collected from five
major tertiary-care
hospitals
January 2012to  Mecca Cross-sectional survey Blood No data Culture and 190/190 (100.0) Oxacillin-resistant CoNS 178/190 (93.6) 178/190 (93.6) Khan et al.,
October 2013 conducted on 190 AST 2014 [36]

Coagulase-negative
Staphylococci (CoNS)
isolates from neonatal
septicemia patients
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attending Maternity and
Children Hospital

2014 (4 month- Medina Cross-sectional survey Wound swabs, No data AST and PCR 48/48 (100.0) A.baumannii carrying VIM-1 13/48 (27.1) 13/48 (27.1) El-Ageery
period) conducted on 48 sputum, urine, and
patients attending out- blood Al-Hazmi,
patients clinic at King 2014 [37]
Fahd Hospital
2012 to 2014 Mecca Cross-sectional survey Blood, and skin No data Culture, AST, 107/107 (100.0) ESBLs-A. baumannii 100/107 (94.0) 100/107 (94.0) Alyamani et
conducted on 107 wound infection PCR, MLST A. baumannii carrying AR genes al., 2015 [38]
clinical isolates from -CTX-M 87/107 (81.0) 87/107 (81.0)
ICU patients attending -TEM 73/107 (71.0) 73/107 (71.0)
local general hospitals -SHV 0/107 (0.0) 0/107 (0.0)
-OXA-51 100/107 (94.0) 100/107 (94.0)
-OXA-23 97/107 (91.0) 97/107 (91.0)
August 2013 to Mecca Cross-sectional survey Respiratory No data Culture and 64/64 (100.0) IMP-resistant P.aeruginosa 14/64 (21.9) 14/64 (21.9) Khan and
January 2014 conducted on 64 P. surgical, genital AST Faiz, 2016
aeruginosa clinical samples, urine, [39]
isolates from patients at  blood, ear
Al-Noor and Maternity swabs, eye
and Children hospitals swabs, burn
swabs
No data Mecca Cross-sectional survey Blood cultures, No data Culture, AST, 50/50 (100.0) MRSA carrying AR genes Abulreesh et
conducted on 50 S. wound swabs, PCR mecA 11/50 (22.0) 11/50 (22.0) al., 2016 [40]
aureus clinical isolates urine, nasal fnBPA 4/50 (8.0) 4/50 (8.0)
from clinical swabs, and PVL 0/50 (0.0) 0/50 (0.0)
laboratories sputum van gene 0/50 (0.0) 0/50 (0.0)
January to July Mecca Cross-sectional survey No data No data Culture and 260/260 (100.0) CRO-resistant K. pneumoniae 111/260 (42.7) 111/260 (42.7) Khan and
2015 conducted on 260 K. AST IMP-resistant K. pneumoniae 31/260 (11.9) 31/260 (11.9) Faiz, 2016
pneumoniae clinical [41]
isolates from patients at
Al-Noor, King Faisal,
King Abdul Aziz, Hera,
and Maternity and
Children hospitals
June and Medina Cross-sectional survey Stool samples No data Culture and 30/134 (22.4) Shiga toxin-producing E.coli 21/30 (70.0 21/134 (15.7) Sharaf and
August 2015 conducted on 134 AST resistant to Shabana,
patients suffering from Trimethoprim/Sulfamethoxazole 2016 [42]

diarrhea attending
Ouhud Hospital

. AST; Antibiotic susceptibility test
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720  Figurel Study selection. Flow diagram of identification and selection pregéencluded in systematic review.
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721  Figure2 Antibiotic susceptibility patterns of gram-poséibacteria from in-Hajj and out-Hajj periods. Bhighlights indicate the study was
722  conducted during Hajj seasons. Prevalence of bagesistant to a given antibiotic were calculdtedn the number of AR bacteria divided by
723  the total number of isolates tested, re@,7%; orange, < 67% and33%; green, <33% are highlighted. Different nunshgrisolates tested for

724  resistance are marked with asterisk.
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Fatani et al., 2002 [12] 47
Dablool and Al-Ghamdi, 2011 [13] 45
Asghar and Momenah, 2006 (MRSA) [26] 199
Asghar and Momenah, 2006 (MSSA) [26] 313
Memish et al., 2006 [14] 85
Asghar, 2006 [28] 303 |44 1 156] 48 53 38 49 42 58
Asghar, 2011 [30] 1-688* 60 | 36 50 42 34 63 39 42 64 51 60 33 38 46 36
|Johargy et al., 2011 (Umrah) [15] 235
Johargy et al., 2011 (Makkah) [15] 128 49
Johargy, 2016 [34] 26 | 54 | 54 54 58 58 50 54 62 58
Abulreesh et al., 2016 [40] 50
lani etal,, 2016 (MRSA) [23] 13 46 39 54 62
Marglani etal., 2016 (MSSA) [23] 33 39
Haseeb et al., 2016 (MRSA) [24] 5-24* 42 60 50 60 50 63 42
Haseeb et al., 2016 (MSSA) [24 7-17% 43 40 40
Asghar, 2006 [28] 402 50 61 34 49
Asghar, 2011 [30] [ 186 63 36 63 50 60 56 50 50 47 [ 50 60 64
Khan et al., 2014 [36 190 60
Asghar, 2006 [28] 78
Asghar, 2011 [30] | 1-99* 48 44 60 | 50 64 | 50 | 50 60 | 33 | 33 50 50 | 38 33 33
Asghar, 2011 (E faecalis) [30] 1-56* 65 50 50 56 61 50 | 50
Fatani et al., 2002 (Streptococcus pyrogenes) [12] [ 24
Asghar, 2006 (Streptococcus spp) [28] 70
Asghar, 2006 (Streptococcus pneumoniae ) [28] 44
Asghar, 2011 (Streptococcus pneumoniae ) [30] 1-19* 33 39 50
Asghar, 2011 (Streptococcus pyrogenes ) [30] 1-12* 56 60 50
Memish et al., 2016 [17] 110 56 48
Haseeb et al., 2016 (Streptococcus spp) [24] 3-15% 36 | |1
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Figure 3 Antibiotic susceptibility patterns of Enterobactegae from in-Hajj and out-Hajj periods. Blue hights indicate the study was conducted during

Hajj seasons. Prevalence of bacteria resistangtees antibiotic were calculated from the numbleAB bacteria divided by the total number of isekat

tested, redy 67%; orange, < 67% arrd33%:; green, <33% are highlighted. Different nurslmrisolates tested for resistance are markedasitdrisk.
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Asghar, 2006 [28] 148 | | | [43] | [ [

Asghar and Faidah, 2009 [29] 40-316" L ]

Asghar, 2012 [31] 22-52+| | 47| 55

Johargy, 2016 [34] 9-27*

Sharaf and Shabana, 2016 [42] 30

Marglani et al., 2016 [23] 8

Leangapichart et al., 2016 (a) (ESBL) [18] 18

Leangapichart etal., 2016 (b) (mcr-1) [20] 10 50

Haseeb et al., 2016 [24] 3-100*

Haseeb etal., 2016 (ESBL) [24] 4

Alyamani et al., 2017 [25 58 | | |

Marglani et al., 2016 [23]

Haseeb et al., 2016 [24]

Asghar, 2006 [28]

6-63*

Asghar and Faidah, 2009 [29]

Haseeb et al., 2016 (E.clocae) [24]

Asghar, 2006 (Salmonella spp .) [28]

Olaitan et al., 2015 [16]

Haseeb et al., 2016 [24]

Asghar, 2006 [28]
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728  Figure4 Antibiotic susceptibility patterns @fcinetobacter sp. andPseudomonas aeruginosa from in-Hajj and out-Hajj periods. Blue highlights
729 indicate the study was conducted during Hajj semd@revalence of bacteria resistant to a giveriatit were calculated from the number of
730 AR bacteria divided by the total number of isolatested, red> 67%; orange, < 67% amxi33%; green, <33% are highlightdaifferent

731 numbers of isolates tested for resistance are rdavké asterisk.
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