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1. INTRODUCTION

Successive waves of migrants have settled in Marseille, originating
mostly from Algeria, Armenia, Corsica, Lebanon, Morocco,
Tunisia, Portugal, the Comoros and Italy, making the city pop-
ulation one of the most cosmopolitan in France with around
1.5 million inhabitants. Marseille is also an international port and
the seat of several large international companies using expatriate
workers worldwide, and the city has a large university campus host-
ing student from various countries of origin, part of whom partic-
ipate in an elective abroad. To answer the population needs, the
Institut Méditerranée Infection (Mediterranean Infection Institute)
has a travel clinic where more than 7000 international travelers
[mostly tourists, business travelers and students and migrants
Visiting their Friends and Relatives (VFR) in their country of origin]
are seen yearly for pre-travel advice and vaccinations. In addition,
the Institute coordinates EuroTravnet, the European Network for
the surveillance of travel-associated diseases (https://www.istm.
org/eurotravnet). Among these international travelers, we pay par-
ticular attention to several special populations facing specific risks
of travel-associated diseases. Given that a large Muslim community
lives in Marseille and the environs, about 2000 pilgrims travel each
year to Mecca, Kingdom of Saudi Arabia (KSA) for the Hajj, one of
the largest recurrent annual religious Mass Gatherings (MGs) in the
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We review the most recent work conducted by our group on the circulation of infectious agents in mobile populations, including
pilgrims participating in the Hajj (Mecca, Saudi Arabia) and the Grand Magal of Touba (Senegal) pilgrimages, homeless people,
and medical students participating in an elective abroad. Using a similar epidemiological study design with standardized
questionnaires and molecular assays allows comparison of different populations of travelers. The main infectious pathogens
and antibiotic resistance genes linked to travel were identified in certain specific populations of travelers, as well as in a group of
homeless migrant people in Marseille. The role of several risk factors has also been demonstrated, allowing identifying individuals
at increased risk of disease or pathogen carriage on which to base targeted preventive measures. Such results, together with those
obtained through international surveillance networks allow better description of the epidemiology of travel-associated infectious
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world [1]. In this city, there are approximately 1500 homeless per-
sons, including 800 sleeping on city streets, park benches, and sub-
ways. Approximately 600 individuals reside temporarily at the two
main municipal shelters, which have a high turnover. Most of these
homeless people are migrants [2]. The Mediterranean Infection
Institute works in close collaboration with the Institute of Research
for Development in Senegal on various research projects, including
notably the epidemiology of infections among Senegalese pilgrims
traveling to participate in the Grand Magal of Touba (GMT), a large
religious MG in central Senegal.

Studies aiming at investigating the circulation of infectious agents
in mobile populations, notably in those participating in MG events,
is one of the robust components of the research conducted at the
Institute. Here, we summarize our most recent work on the molec-
ular epidemiology of microbes and antibiotic resistance genes in
special populations of travelers, including pilgrims participating in
MGs, homeless people and medical students abroad.

2. OVERALL DESIGN OF
EPIDEMIOLOGICAL SURVEYS

Since 2012, we have conducted several prospective cohort studies
in Hajj pilgrims with the purpose of investigating the most frequent
infections and acquisition of pathogens. Pilgrims were recruited
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through one of the private specialized travel agencies in Marseille.
They were followed-up by bilingual (French and Arabic) medical
doctors who travelled with the group during the Hajj. At inclusion
(7-10 days before departing from France), a standardized pre-Hajj
questionnaire was used to collect information about demographic
characteristics and medical history. Then, 2 days before leaving the
KSA, a post-Hajj questionnaire was used to collect clinical data,
antibiotic intake, and information on compliance with individual
preventive measures against respiratory and gastrointestinal infec-
tions. To identify the acquisition of respiratory and enteric patho-
gens, all pilgrims underwent nasopharyngeal and rectal swabs,
upon inclusion (pre-Hajj) and just prior to leaving the KSA (post-
Hajj). Nasopharyngeal swabs were collected by the doctors accom-
panying the group. Rectal swabs were self-collected by each pilgrim
with a standardized procedure which was previously explained to
the participants by the investigators [3,4]. To evaluate the interac-
tion and dynamics of respiratory pathogens during the 2018 Hajj
season, two additional respiratory swabs were collected: 5-6 days
post-arrival and 12-13 days post-arrival in the KSA [5]. Samples
were transported within 48 h of collection (or after storage at room
temperature for samples collected during travel) to our laboratory
in Marseille for storage at —80°C until processing.

During the 2013 Hajj, a prospective cohort study was conducted
among international pilgrims in collaboration with the Saudi
Ministry of Health. For this purpose, upon arrival at the Jeddah
airport, KSA (pre-Hajj) and after performing the Hajj, at the Mina
encampment before leaving the KSA (post-Hajj), participants were
invited to participate in the study (Figure 1). Pre- and post-Hajj
nasal samples were collected by Saudi staff from each pilgrim, then
stored in a freezer at —80°C within 48 h of collection. The samples

were subsequently transported on dry ice to our laboratory for
analysis [6].

An epidemiological survey program at the GMT was started in
2017, aiming at assessing the burden of infectious disease in par-
ticipants. Pilgrims from two villages - Dielmo and Ndiop, located
in the Fatick region, South Senegal - were recruited (Figure 1).
All pilgrims in these villages were identified by nurses in charge
of primary health care centers in both villages and were invited
to participate in our studies and enrolled in prospective cohort
surveys. Pre-Magal swabs and questionnaires were collected
1-3 days before departing from the villages, while post-Magal sam-
ples and questionnaires were obtained 3-6 days following return
from the GMT. A nurse travelled with the pilgrims to record med-
ical issues occurring during and after the GMT. Nasopharyngeal
swabs were collected by medical teams in the villages using com-
mercial rigid cotton-tipped swab applicators. Rectal samples were
collected using swab applicators from stools provided by partici-
pants in sterile containers. All samples were kept at 4°C before
being transported to the Dakar laboratory for storage in a —80°C
freezer. The samples were subsequently transferred to Marseille on
dry ice for processing [4].

A specific research program addressing travel-associated diseases
in medical students from the Faculty of Medicine in Marseille plan-
ning to take part in an internship abroad during the summer was
initiated in 2017. Students were recruited when consulting for vac-
cination and pre-travel advice at our institute. During this consul-
tation, an inclusion questionnaire was used to collect demographic
data, history of chronic illness, destination and intended travel
dates. Pre- and post-travel kits, which contained questionnaires,
sampling equipment (rigid cotton-tipped swab applicators and
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Figure 1 Countries of origin of sheltered homeless people in Marseille (yellow), countries of destination of medical students participating in an elective

abroad (red), countries where a pilgrimage takes place: Hajj (purple) and Grand Magal de Touba (green).
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transport media) and an instructional document for self-sampling
were provided to participants. Investigators instructed them how to
self-collect respiratory, rectal and vaginal samples. The exact place
of the internship, activities during their stay (missions, tourism
or travel in the host country or other countries during the intern-
ship period), accommodation conditions, contact with children or
animals, clinical symptoms and treatment during their stay were
also documented by a post-travel questionnaire. The self-samples
were collected during the week before travel (pre-travel swabs) and
during the week following return to France (post-travel swabs)
and stored at —80°C until processing [7-9]. The countries where
electives took place are presented in Figure 1.

Since 2000, studies conducted among homeless individuals have
been performed in two homeless shelters or at the hospital. Cross
sectional 1-day surveys have been organized by medical teams of
our institute. At inclusion, adult homeless people were asked to
complete questionnaires, including information on demographics,
personal history, substance use, preventive measures and clinical
presentation. The countries of origin of homeless people sheltered
in Marseille are shown in Figure 1. Body lice were removed from the
body and clothes of infested homeless persons, then were transferred
to sterile plastic tubes and subsequently processed for molecu-
lar analysis [10,11]. Skin swabs were collected and resuspended
in Hank’s balanced salt solution before processing for molecular
technique [12]. Nasal and pharyngeal swabs were collected by
medical staff from each participant and stored at —80°C before
PCR testing for respiratory pathogens (other than Mycobacterium
tuberculosis) [13]. For M. tuberculosis detection, sputum samples
were systematically collected from each participant in a sterile vial
[14]. Recently, for screening of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), a nasal swab was self-collected by
each homeless person using a standardized procedure that was
previously explained to the participants by the investigators [15,16].
For gastrointestinal pathogen carriage, rectal [17] or stool samples
were systematically collected on transport media [18]. Molecular
prevalence surveys of the Antibiotic-resistance encoding Genes
(ARGs) were performed on respiratory or rectal samples and
compared to that of a control group (defined as the non-homeless
group), including administrative staff, physicians, nurses, medical
students and PhD students from our institute [19].

In addition, molecular epidemiological investigations were per-
formed among hospitalized homeless persons (in emergency
departments or infectious disease units) to diagnose louse-borne,
respiratory or gastrointestinal diseases [20,21].

3. OVERALL DESIGN OF THE
MICROBIOLOGICAL METHOD

Common pathogens were detected by real-time PCR (qPCR). The
most frequent pathogens, including bacteria, viruses and parasites,
were selected according to the literature. Studies on the carriage
of multi-drug resistant bacteria were performed using culture
methods. ARG were identified in isolates by qPCR, conventional
PCR and sequencing. ARG detection was also performed directly
on respiratory and rectal swabs using molecular methods. In
some studies, DNA pooling was performed to reduce the cost of
molecular reactions. Tables 1 and 2 show the target pathogens and
molecular methods for each study.

4. RESULTS
4.1. Hajj and Grand Magal Pilgrims

We evidenced significant acquisition of respiratory pathogens by
comparing the prevalence of pathogens in pre- and post-travel
samples. The overall prevalence of viruses and bacteria increased
significantly from 7.4% and 15.4% before the Hajj to 45.4%
and 31.0% after the Hajj, respectively [6]. More specifically, we
evidenced a significant acquisition of Staphylococcus aureus
(7.5-14.5%), Haemophilus influenzae (11.4-33.3%), Klebsiella
pneumoniae (3.9-21.7%), Moraxella catarrhalis (33.1%),
Streptococcus pneumoniae (9.8-18.5%), rhinovirus (14.9-34.1%),
common human coronaviruses (8.3-9.2%) and influenza viruses
(3.2-3.7%) [5,6,22,23]. These results were consistently observed
over time. Despite a high proportion of respiratory symptoms,
including Influenza-like Illness (ILI) during the Hajj, the Middle
East respiratory coronavirus was never isolated from pilgrims
returning to Marseille and from those returning from other places
[6,24]. Looking at the interactions between pathogens, we observed
that the carriage of rhinovirus and the carriage of S. aureus were
positively associated. This positive interaction was also found
between H. influenzae and M. catarrhalis [5]. The H. influenzae
genotypes acquired in Saudi Arabia were completely different
from those present before travel. We also observed a lack of clon-
ality and a high biodiversity of H. influenzae among French Hajj
pilgrims [22].

Recently, we studied the association between microbiological
carriage and clinical symptoms in Hajj pilgrims and the role of
preventive measures. Carriage of K. pneumoniae, M. catarrhalis—
S. aureus and H. influenzae-rhinovirus co-infections was
significantly associated with the occurrence of Low Respiratory
Tract Infection (LRTI) symptoms [5,22].

In addition, vaccination against invasive pneumococcal diseases
and influenza was associated with a decrease in the acquisition
of S. pneumoniae and in the prevalence of ILI symptoms [23].
Acquisition of rhinovirus was higher among pilgrims who reported
using face masks. The use of disposable handkerchiefs was associ-
ated with a lower acquisition of S. aureus [23].

With regard to gastrointestinal pathogens, we evidenced a signif-
icant acquisition by Hajj pilgrims of Escherichia coli, with EAEC,
EPEC and EHEC the most frequent [3].

In addition, we found that Hajj pilgrims acquired gastrointestinal
extended-spectrum f-lactamase-producing and colistin-resistant
Salmonella enterica, as well as mcr-1 colistin-resistant genes of
K. pneumoniae and E. coli [26-28]. We also observed an acquisi-
tion of respiratory and gastrointestinal carbapenemase-encoding
genes [29]. CTX-M gene acquisition was positively associated with
diarrhea and dyspnea. By contrast, use of macrolides decreased the
acquisition of CTX-M genes [30].

A recent study addressing the epidemiology of infectious diseases
at the GMT also demonstrated a high acquisition rate of S. pneumo-
niae and H. influenzae, rhinoviruses, and common coronaviruses
by pilgrims following participation in the event [4], while Neisseria
meningitidis was never detected [31]. Acquisition of gastrointes-
tinal pathogens was also high, with EPEC, EAEC and EHEC the
most frequent [4].
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4.2. Medical Students

Medical students reported frequent gastrointestinal (74%),
respiratory (39%) and vaginal (5%) symptoms [8]. The overall
acquisition rate of respiratory bacteria was 41%, with the highest
rates observed for S. aureus (19%) and H. influenzae (17%), while
the overall rate of respiratory virus acquisition was 18%, rhinovirus
being predominant (15%) [7]. Acquisition of enteric bacteria was
high (49%), with EAEC (41%) and EPEC (19%) the most frequent
[7,8]. Female students also acquired Atopobium vaginae (14%) and
Gardnerella vaginalis (13%) [7].

Acquisition of S. pneumoniae was low (5.5%) but students present-
ing respiratory symptoms were three times more likely to acquire
S. pneumoniae during travel [7].

Recently, the acquisition of antibiotic-resistant bacteria, including
extended-spectrum f-lactamase-producing Enterobacteriaceae
and carbapenemase-producing Enterobacteriaceae, has been
evidenced in French medical students during an elective abroad,
notably when travelling to South East Asia [9]. In addition, acquisi-
tion of colistin resistance genes has been observed.

4.3. Homeless People

Studies on body lice conducted among infested homeless persons
have identified a high prevalence of louse-borne pathogens
(including Bartonella quintana), but with a decreasing trend from
2000 to 2018 [10,11,20]. The presence of Acinetobacter baumannii
DNA was also demonstrated in human body lice and skin samples,
with a high prevalence [11,12].

The snapshot interventions demonstrated high rates of respira-
tory virus (notably rhinovirus and influenza viruses) [32], and
bacteria (notably H. influenzae and S. pneumoniae) carriage [13].
A strong association between S. pneumoniae or respiratory virus
carriage (including influenza viruses) and respiratory symptoms
was also found with an increased prevalence of respiratory signs
[13]. Overall, homeless people carrying at least one virus were
2.5 times more likely to present with cough or rhinorrhea
and seven times more likely to have a sore throat. Carriage of
S. pneumoniae was associated with a 2.5 times increased frequency
of cough [13]. Using qPCR, Mycobacteria tuberculosis was detected
with a high prevalence among hospitalized homeless individu-
als [21], but low prevalence among sheltered homeless persons,
through cross-sectional surveys [14,18]. Recently, we started a new
research project on SARS-CoV-2 among sheltered homeless per-
sons in Marseille, France, and observed a prevalence rate of 9.0%
[15]. SARS-CoV-2 carriage correlated with symptoms, however
51% of patients testing positive were asymptomatic. Being less than
34 years and being housed in one specific shelter were indepen-
dent factors associated with SARS-CoV-2 positivity (rates of 11.4%
and 20.6%, respectively) [15]. Repeated sampling in the same
population conducted over the year 2020 showed a significant
decrease of SARS-CoV-2 positivity rates following implementation
of measures to mitigate the risk of transmission at shelters. These
measures also impacted bacterial carriage [16].

We also evidenced the presence of digestive pathogen carriage in
rectal, stool or saliva samples, such as E. coli pathotypes [17] and
Tropheryma whipplei [33].

A study directly assessing resistance gene carriage rates in nasal/
pharyngeal samples reported a lower proportion of A-lact-
amase-encoding gene carriage, including extended-spectrum
[S-lactamases, especially those belonging to the CTX-M family,
carbapenem-hydrolyzing [S-lactamases, among sheltered home-
less individuals in Marseille as compared to controls [19]. We also
observed a lack of mcr-1, mcr-2, mcr-3, mcr-4 and mcr-5 genes
[19]. This work demonstrated that the type of housing (shelter A
versus B) and smoking were significantly associated with antibiotic
resistance gene carriage among homeless persons.

5. DISCUSSION AND CONCLUSION

Travel medicine has long been focused on diseases affecting tourist
travelers, business travelers and expatriates. The increasing migra-
tion flow from low- to high-income countries in recent decades
has led travel medicine specialists to expand their field of inter-
est to migrant health and travel-associated diseases in VFRs [34].
More recently, emerging fields have appeared in travel medicine
because of a growing proportion of travelers with specific rea-
sons for travel, including, among others, medical tourism [35],
participation in international mass gatherings [36], social exclu-
sion due to homelessness [37] or participation in an elective
abroad [38]. Results from large multicentric surveys conducted
by GeoSentinel and EuroTravNet on ill international travelers
have clearly underlined the critical role of the traveler’s profile
(including notably their reason for travel) in the clinical pattern of
travel-associated diseases [39,40] Nevertheless, the major limita-
tion of these network studies is the lack of a denominator, preclud-
ing calculation of the proportion of ill travelers among all travelers
[41]. This can be achieved by conducting prospective cohort sur-
veys or periodic cross-sectional surveys. In the prospective cohort
surveys that we conducted on international travelers (Hajj pilgrims
or medical students) and on domestic travelers (Grand Magal pil-
grims), each traveler is their own control when assessing their
health status or pathogen carriage before and after exposure to a
potential risk factor (international travel and/or participation in a
specific event such as a religious MG or a medical elective). One-day
cross-sectional surveys conducted in homeless people (snapshot
surveys) also evaluate the prevalence of disease and pathogen
carriage in the population investigated. However, to formally asso-
ciate diseases and pathogen carriage with a potential risk factor
(being homeless), a control population (non-homeless people) must
be investigated at the same time. In so doing, we identified infec-
tious diseases and the main infectious pathogens linked to travel in
certain specific populations of international travelers and homeless
migrant people. Such results, together with those obtained through
international surveillance networks, allow better description of the
epidemiology of travel-associated infectious disease. S. aureus,
H. influenzae, K. pneumoniae, M. catarrhalis, S. pneumoniae,
rhinovirus, common human coronaviruses and influenza viruses
were the respiratory pathogens the most frequently acquired at
the Hajj while S. pneumoniae, H. influenzae, rhinoviruses, and
common coronaviruses were the pathogens most frequently
acquired at the GMT. With regard to gastrointestinal pathogens,
EPEC, EAEC and EHEC were the pathogen most frequently
acquired by Hajj and GMT pilgrims. In medical students returned
from elective abroad, the most frequently acquired respiratory
pathogens included S. aureus, H. influenzae, and rhinovirus and
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the most frequently acquired enteric bacteria included EAEC and
EPEC. In homeless population, our results demonstrated high rates
of rhinovirus and influenza viruses, H. influenzae and S. pneumo-
niae carriage. Interestingly, high prevalence of B. quintana and
A. baumannii were observed in this population. The role of several
risk factors was demonstrated, allowing identification of individ-
uals at increased risk of disease or pathogen carriage on which to
base targeted preventive and therapeutic measures. In pilgrims,
vaccination against invasive pneumococcal diseases and influenza
was associated with a decrease in the acquisition of S. pneumoniae
and prevalence of influenza-like-illness, respectively [5,23]. The
carriage of S. pneumoniae was higher among pilgrims with chronic
respiratory disease [5]. In addition, among the pathogens most
frequently acquired by pilgrims, three accounted for vaccine-
preventable diseases, including influenza, S. pneumoniae and
H. influenzae infections [6]. Vaccination against seasonal influenza
of all target individuals attending the Hajj should be promoted.
Vaccination against S. pneumoniae infection should be considered
in pilgrims with medical risk factors. We also evidenced the role
of K. pneumoniae and M. catarrhalis-S. aureus association and
H. influenzae-rhinovirus association in the occurrence of possible
LRTI symptoms. This reinforces the need for antibiotic use in
case of LRTI symptoms [5]. In addition, the use of face masks,
the reinforcement of hand hygiene and the use of disposable
handkerchief should still be recommended for pilgrims to reduce
respiratory symptoms and acquisition of respiratory pathogens
[22,23]. To prevent and reduce the rate of multidrug resitant
(MDR) bacterial transmission in Hajj pilgrims, personal hygiene
including hand hygiene also should be taught and monitored,
together to rationalization of antibiotic use [29,30]. In homeless
persons, we found a strong association between viruses or S. prneu-
moniae carriage and RTI symptoms [13]. This suggests the need
for vaccination against influenza and S. pneumoniae infections in
such population [13,18]. Additionally, we suggest using diagnostic
set kits for the most frequent infectious diseases among homeless
people at hospital admission, including respiratory virus multiplex
PCR testing [21]. We also recommend measures to mitigate the
risk of transmission of SARS-CoV-2 in homeless person including
staying at housing facility, avoiding gathering of persons, keep-
ing distance from others, wearing a mask, washing hands with
soap and water frequently and for at least 20 s, practicing cough
etiquette, and avoiding touching the eyes, nose, or mouth with
unwashed hands [15,16]. To prevent skin infections and body-lice
infestation, we recommended improvement of personal clothing,
and room hygiene and application of insecticide, laundry, and iver-
mectin treatment when infested [11,12]. Screening for latent and
active TB and parasitological infections in newly arrived migrants
at homeless shelters, establishing health services and manage-
ment systems for respiratory chronic diseases and regular clinical
follow-ups for infected homeless persons with TB are also advis-
able [11,14,18,21]. The acquisition of ESBL-encoding and colistin
resistance genes by medical students during travel abroad is fre-
quent [9]. Because of a theoretical risk of community and hospi-
tal spread, medical students as other healthcare should practice
reinforced standard precautions (hand disinfection with an alcohol-
based solution) after return from areas with a high prevalence of
MDR bacterial carriage.

A major strength of our work is that the study design allowed
working with relatively homogeneous populations of individuals.

Hajj pilgrims were recruited from a single travel agency, traveled
together, stayed at the same hotels in Mecca and Medina and the
same tents in Mina, and participated in rituals together. GMT pil-
grims were recruited from two closed villages in Senegal, traveled
together to Touba, stayed in the same housing facilities and partic-
ipated in rituals at the same time. Medical students were recruited
mostly through a single medical student association organizing
electives abroad and underwent the same pre-travel evaluation,
vaccinations and counseling at our travel clinic. Homeless people
were recruited from two large shelters in Marseille with very sim-
ilar housing conditions. High participation rates of participants
were ensured by working closely with key persons, including the
accompanying Mutawafs (spiritual guide) for Hajj pilgrims, the
customary chief in Senegal villages, presidents of medical student
associations in Marseille University and directors of homeless shel-
ters in Marseille. Follow-up by mobile medical teams participating
in the pilgrimages or by the medical students themselves, and close
collaboration with homeless shelter medical teams ensured obtain-
ing reliable clinical data and good quality samples.

In addition, using a similar epidemiological study design with stan-
dardized questionnaires and molecular assays allows comparison of
different populations of travelers. Strong similarities were observed
between the Hajj and GMT pilgrimages, although they occur in
very different settings and involve distinct populations of pilgrims.
At both MGs, a high prevalence of symptoms of respiratory tract
infection with acquisition of cosmopolitan respiratory bacteria and
viruses was observed, suggesting that the MG context overcomes
geographical, climatologic and demographic factors. Similarly, Hajj
and GMT pilgrims exhibited high acquisition rates of EPEC, EAEC
and EHEC. In conclusion, these studies allow both identification of
emerging threats such as the acquisition of drug resistant bacteria
at the Hajj, and better understanding of the relationship between
pathogen carriage and clinical symptoms on which to base preven-
tive and therapeutic strategies.
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