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Abstract

Background: Respiratory tract infections (RTIs) are common in travellers due to the year-round or seasonal presence
of respiratory pathogen and exposure to crowded environments during the itinerary. No study has systematically
examined the burden of RTI infections among travellers. The aim of this systematic review and meta-analysis is to
evaluate the prevalence of RTls and symptoms suggestive of RTls among travellers according to risk groups and/or
geographic region, and to describe the spectrum of RTls.

Methods: The systematic review and meta-analysis was registered in PROSPERO (CRD42022311261). We searched
Medline, Embase, Scopus, Cochrane Central, Web of Science, Science Direct and preprint servers MedRxiv, BioRxiv,
SSRN and IEEE Xplore on 1 February 2022. Studies reporting RTls or symptoms suggestive of RTls in international
travellers after 1 January 2000 were eligible. Data appraisal and extraction were performed by two authors, and
proportional meta-analyses were used to obtain estimates of the prevalence of respiratory symptoms and RTls in
travellers and predefined risk groups.

Findings: A total of 429 articles on travellers’ illness were included. Included studies reported 86841 symptoms
suggestive of RTls and 807 632 confirmed RTls. Seventy-eight percent of reported respiratory symptoms and 60% of
RTls with available location data were acquired at mass gatherings events. Cough was the most common symptom
suggestive of respiratory infections, and the upper respiratory tract was the most common site for RTls in travellers.
The prevalence of RTls and respiratory symptoms suggestive of RTls were 10% [8%; 14%] and 37% [27%; 48%],
respectively, among travellers. Reporting of RTls in travellers denoted by publication output was found to correlate
with global waves of new respiratory infections.

Interpretation: This study demonstrates a high burden of RTls among travellers and indicates that travellers’ RTls
reflect respiratory infection outbreaks. These findings have important implications for understanding and managing
RTls among travellers.
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Introduction

After a 70% drop in traveller arrivals in 2019 due to the COVID-
19 pandemic, international travel appears to be rapidly recover-
ing. Most countries have relaxed their entry requirements and
reopened their borders. The UN World Tourism Organization
reports that arrivals in the first 7 months of 2022 have reached
57% of pre-pandemic levels, due in part to increased vaccination
rates and a manageable number of COVID cases.!

Although the COVID-19 pandemic has turned into an
endemic, non-severe infection in most areas, the risk of
respiratory infectious disease persists. Exposure to crowded
environments, such as encountered during transportation,
sightseeing, mass gatherings, and the year-round or seasonal
presence of respiratory pathogens in frequently visited areas
make travellers particularly vulnerable to respiratory infections.
The full spectrum of travel-related respiratory illness is rarely
described and studies are dated.”* The estimated prevalence
of respiratory symptoms among travellers varies widely. For
example, it ranges from less than 1% among travellers arriving
at US airports to more than 39% among French medical students
travelling abroad and up to 93% of Hajj pilgrims.*~® The preva-
lence is equally high in confirmed respiratory tract infections
(whether diagnosed medically or by molecular methods).

RTIs in travellers often resemble those in the local popu-
lation, and tropical respiratory illnesses remain rare in trav-
ellers.””® Thus, as in the general population, upper respiratory
tract infections (URTIs) are more common than lower respira-
tory tract infections (LRTIs).” Pathogens circulating in the local
population, such as respiratory viruses, are frequently detected
in travellers.® Influenza is the most common virus, with an
estimated prevalence of 2.8% and up to 15% among travellers
with fever.'’~" Travellers are particularly affected by the H3N2
variant and to a lesser extent by the HIN1 or B group variants."
Other viruses commonly found in travellers include rhinoviruses,
adenoviruses and respiratory syncytial virus type A." Typical
or atypical bacteria are also common and fungi are sometimes
detected, notably histoplasmosis."

Certain groups of travellers or specific locations have
an increased risk of respiratory infections. For example,
tourists have a higher risk of respiratory infections than
immigrants, visitors of friends and relatives (VFRs), and
expatriates (P <0.0001)."° Outbreaks of respiratory infections
are commonly reported in relation to air travel or on ships with

17—

their confined spaces.'”~?! Respiratory infections also occur at
mass gatherings, especially religious and sporting events with
large crowds, and account for up to 40% of all illnesses reported
during such events.”> However, some respiratory infections are
limited to certain travel groups.

To date, there are no systematic reviews or global studies
that provide information on the complete range of respiratory
illness in travellers by specific groups of travellers. We therefore
aimed to conduct a systematic review and meta-analysis of
studies published between 2000 and 2022, taking into account
different regions and risk groups to obtain reliable prevalences.
The main objective of this study was to estimate the prevalence
of respiratory symptoms and RTIs among all travellers stratified
by specific regions and/or risk groups. As a secondary objective,
we examined the types of symptoms indicative of RTIs and

confirmed RTIs that occurred in travellers and assessed the
difference in risk for the two important factors of age and sex.

Methods

This systematic review follows the PRISMA 2020 guide-
lines and has been registered in the PROSPERO database
(CRD42022311261).

Eligibility criteria
Studies that reported at least one case of respiratory infection or
respiratory symptoms in travellers were included.

Respiratory infections or respiratory tract infection (RTIs)
were broadly defined as infections affecting at least one segment
of the respiratory tract (either as the site of infection or the
route of transmission). Only confirmed respiratory infections
were considered, i.e. cases diagnosed either by clinical exami-
nation (including history, clinical examination and complemen-
tary tests) or by molecular methods (such as PCR or serol-
ogy). Respiratory infections caused by viruses, bacteria including
mycobacteriaceae, and fungi were evaluated.

In addition, respiratory symptoms were defined as a group of
symptoms suggestive of the presence of RTIs. Cough, dyspnoea,
expectoration, loss of sense of smell or taste, rhinitis/runny
nose/congestion, sinus pain, sore throat, voice failure/hoarseness
and wheezing were considered symptoms of RTIs in our article.

Only adult travellers who had crossed at least one interna-
tional border were studied. Cases of respiratory infections or
symptoms that occurred during specific occasions such as mass
gatherings, air travel, cruises or on commercial vessels were
considered and stratified by specific groups. Considering the
limited number of reported respiratory infections among partic-
ipants in various mass events outside the Hajj (Saudi Arabia),
including events such as AsiaWorld-Expo (Hong Kong SAR),
Baba Farid (Pakistan), Easter Festival (Austria), Eco-Challenge
(multiple countries), EXIT Festival (Serbia), Grand Magal of
Touba (Senegal), Rock Werchter (Belgium), Sojourn (Germany),
Sziget Festival (Hungary), Tablighi Jamaat (India), Umrah (Saudi
Arabia), Universiade (Serbia), Winter Olympics and Paralympics
(2002, USA) and World Youth Day (2008, Australia), we grouped
them into a single risk category in our study and referred to
them as Mass gathering events. For air travel and cruise ships,
no distinction was made between crew members and other
passengers. Special categories were also defined for refugees and
asylum seekers. Settled immigrants, already established in the
country of reporting, were excluded. Studies that used genome
sequencing or mathematical models to estimate the country in
which respiratory infection was acquired or to predict new cases
were excluded.

Studies in English, French, Spanish and German that reported
cases between 1 January 2000 and 31 January 2022 were
reviewed, including those whose recruitment period began
before 2000 but included cases from the period of interest.
Preprints, conference abstracts and peer-reviewed studies such
as randomized controlled trials (RCTs), cohort studies, case—
control studies, cross-sectional studies, case series, case reports,
prevalence studies and systematic reviews were considered for
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eligibility. Reviews, editorials, opinion pieces, essay summaries,
books and articles for which full text was not available were
excluded. Commentaries, short communications and letters to
the editor that did not report original cases were also excluded.

Information sources

A systematic search was conducted on 1 February 2022 in
the bibliographic databases Medline, Embase, Scopus, Cochrane
Central Register of Controlled Trials (CENTRAL), Web of Sci-
ence, Science Direct and the preprint servers MedRxiv, BioRxiv,
SSRN and IEEE Xplore (TL). All strings were recorded and can
be found in the Appendix (section 1).

Selection process

The results of the various strings were imported into Endnote20
Reference Manager (Clavirate, Boston, MA 02210) to achieve
deduplication. The references were then transferred to the knowl-
edge synthesis software Rayyan QCRL. All studies were checked
for eligibility first by title and abstract and then by full text. All
references of included studies and excluded reviews were also
reviewed. The screening processes were performed simultane-
ously by two different blinded authors (T.L., R.H.). Pooling was
performed at the end of each round, and a third author (P.S.)
was involved in the decision in case of disagreement. Reasons
for exclusion were recorded for each excluded study in Rayyan
QRCI and reported in the PRISMA flowchart.

Data collection

For each article in which at least one respiratory symptom and/or
confirmed respiratory infection was reported, the total number,
the sex stratification, the age group, the size of the study popu-
lation, and the type of respiratory symptom or respiratory infec-
tion and possible accompanying symptoms were recorded. The
country where the respiratory symptom or infectious respiratory
disease was detected and the location where it was acquired were
also noted. Age groups were defined in four categories, Child/Y-
outh (0-19 years) to accommodate included papers where young
adults were included in ‘child’ categories, Adult (20-39 years),
Middle-aged Adult (40-59 years) and Senior Adult (60+ years).
When only the percentage or prevalence per 1000 persons was
reported, the data were converted to absolute numbers. If this
was not possible, the study was excluded. The extraction process
was performed manually twice per study in two different Google
sheets before they were merged (T.L.).

Bias assessment

We used the JBI Critical Appraisal Tools” to evaluate our
studies. These tools were developed by an independent, non-
profit research organization at the Faculty of Health and Medical
Sciences, University of Adelaide, Australia, and include a specific
checklist for each study design. Studies were scored simultane-
ously by two blinded authors (T.L., R.H.), and a mean score was
calculated. Scores are expressed as a percentage of the maximum
possible score and can therefore be easily compared between
different types of studies. Interpretations in the literature differ,

but it is reasonable to assume that a score above 70% indicates
a low risk of bias, a score between 50% and 70% indicates a
medium risk of bias, and a score below 50% indicates a high
risk of bias.

Data synthesis

All studies that met the inclusion criteria were included in the
descriptive analysis. The absolute number of cases of respiratory
infections, respiratory symptoms, and the number of cases by UN
region or specific category and the distribution by sex and age
were calculated. Maps were generated for respiratory infections,
respiratory symptoms and major respiratory infection outbreaks
in the past 20 years (HIN1, MERS-CoV, SARS-CoV-1, SARS-
CoV-2), with absolute numbers of cases calculated for the 17
subregions of the UN geoscheme. Studies that reported only
positive cases, had no reference population or whose reference
population was not exclusively travellers were excluded from
the meta-analysis. No studies were excluded due to a high risk
of bias—only those identified by three unsupervised learning
algorithms (k-means, DBSCAN and Gaussian mixture models)
in the graphic display of study heterogeneity (GOSH) graphs.
The meta-analysis of proportions was calculated with a logistic
regression model using the maximum likelihood estimator for
tau?, the Hartung—Knapp adjustment for the random effects
model and a logit transformation. A significance level of 0.05
was used for all statistical tests. All analyses were performed with
the statistical program RStudio (version 2022.07.1).**

Role of the funding source

There was no funding source for this study.

Results

Database searches yielded 2042 articles, of which 204 were
identified as duplicates and 1234 were excluded after review of
titles and abstracts. Of the remaining 602 articles, 19 full texts
could not be found and 583 were screened for eligibility. After
the second screening, 268 articles were included. Based on their
references and the references of the excluded journals, 340 new
studies were identified. Of these, an additional 161 studies were
included, bringing the total number of included studies to 429.
An overview of the screening process and reasons for exclusion
during full-text screening is provided in Figure 1 and the full list
of included studies can be found in the Appendix (section 2).%

The year of publication of included studies ranged from
2000 to January 2022, with most studies (7 =78) coming from
2020 and fewest from 2002 containing the fewest (7 =3). The
year 2022 cannot be compared because it included only the
month of January. The largest difference between years was 2019
(n=19) and 2020 (= 78) with four times more studies than the
previous year due to a large number of 2020 COVID-19-related
publications. Figure 2 shows the number of included studies per
year compared with the date of the first observed case of the four
epidemics/pandemics of respiratory infections of the twenty-first
century. Reporting of RTIs in travellers denoted by publication
output s was found to correlate closely with global waves of new
respiratory infections.
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Identification of
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[ Identification of studies via other methods ]

Records identified (n=2042)
from:

Medline (n=217), Scopus (n=74)
Embase(n=376),Cochrane(n=3)
Web of science (n=1265)
Science direct (n=6)

BioRxiv (n=16), MedRxiv (n=73)

Records removed before
screening:
Duplicate records removed
(n=204)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other

Records identified from:
Websites (n = 0)
Organisations (n = 0)
Citation searching (n = 340)

SSRN (n=10), IEEE Xplore (n=2) reasons (n'=0)

_ ]

Records screened > Records excluded

(n =1236)

(n =1838)
!

Reports sought for retrieval Reports not retrieved

v

Reports sought for retrieval Reports not retrieved

(n=6)

\d

!

Reports excluded:
Duplicate records (n = 26)
Wrong outcome (n = 35)
Wrong population (n = 41)
Wrong publication type (n=37)
Wrong study duration (n=26)
Other languages (n=0)
Duplicate cases (n=10)

Reports assessed for eligibility o
(n=334) =

Figure 1. PRISMA flow diagram 2020
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Figure 2. Time-series plot of the absolute annual frequency of included studies with the date of the first observed case of the four epidemics/pan-

demics of respiratory infections of the twenty-first century

Of the 429 included studies, more than 66% (284/429) were
cross-sectional studies and the remainder were RCTs (n=2),
cohort studies (n=17), case—control studies (1 =2), case reports
(n=157), case series (n=355) and prevalence studies (7=12). The
overall mean for the JBI critical score was 77% (SD 15), with a

minimum score of 25% and maximum score of 100%. Random-
ized control trials have the lowest mean for the JBI critical score
with 63% (SD 3) and case—control studies the highest one with
92% (SD 11). The study with the minimal JBI score overall 25%
was a case report (Table 1).
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Included studies reported 86841 symptoms suggestive of
RTIs and 807 632 confirmed RTIs. Of the reported respiratory
symptoms with available information on the area of acquisition,
78% (11033/14095) occurred at mass gathering events.
The most represented UN region for respiratory symptom
acquisition was the Americas with 8% (1166/14095), while
the Oceania region reported only one respiratory symptom in a
case report. Respiratory symptoms were linked to airplanes,
cruise ships/commercial vessels and refugees/asylum seekers
in 93, 465 and 341 travellers, respectively. Of the confirmed
respiratory illness cases with known area of acquisition, 60%
(81862/137233) were from mass gatherings events and the
most represented UN region of acquisition was Asia where
14% (19812/137233) of respiratory cases were acquired.
Oceania was the least represented UN region with only 1%
(788/137233) of confirmed cases. There were 451, 2478 and
11179 reported respiratory infection cases linked to airplanes,
cruise ships/commercial vessels and refugees/asylum seekers,
respectively. The sex ratio for respiratory symptoms was 1.15
male:1.00 female (men: 986/women: 858) and for respiratory
infections this was 1.50 male and 1.00 female (men: 28 220;
women: 18 822). Regarding age categories, 76% (1161/1521) of
reported symptoms were in older adults (>60 years), whereas
for respiratory infection cases the distribution was balanced
among age categories. Missing data were common in the included
studies particularly for sex and age. Place of acquisition was
not reported in 84% (72746/86841) of reported respiratory
symptoms, as well as in 83% (670399/807632) of reported
respiratory tract infection cases. A high rate of missing data was
found for both respiratory symptoms and confirmed RTI cases.
Specifically, 98% (85322/86843) of the data was missing for
the age category and 98% (85 025/86869) for sex in respiratory
symptoms. Similarly, 97% (783 183/807632) of the data was
missing for the age category and 94% (760 590/807632) for sex
in confirmed RTI cases (Table 1).

Of the 2163 respiratory symptoms for which UN regional
location assignment was possible, 84% (1809/2163) could be
assigned to the 17 UN subregional geoschemes. Latin America
and the Caribbean was the subregion with the most travel-related
respiratory symptoms, with 60% (1086/1809) of reported respi-
ratory symptoms. No reports of travel-related respiratory symp-
toms were found for other subregions such as Australia and
New Zealand, Central Asia, Eastern Europe, Northern Europe,
Micronesia, Polynesia and Antarctica (Figure 3A). Looking at
respiratory tract infections, of the 41263 cases for which UN
regional location was available, 81% (33493/41263) could be
attributed to the 17 UN subregional geoschemes. For RTIs, South
Asia was the subregion with the most reported cases of respi-
ratory illness among travellers, and Micronesia and Antarctica
were the least affected regions, with 1 and 0 cases, respectively
(Figure 3B).

Cough was the most common respiratory symptom with
11206 reported cases among travellers, 76% of whom
(8556/11206) contracted the symptoms at mass gatherings.
Fever was commonly associated with respiratory symptoms
(4309). Common cold-like syndrome (CCLS) and Influenza-
like Tllness (ILI) were reported in 108 841 and 50 317 travellers,
respectively. See the Appendix (Section 3) for more details.

Medically diagnosed respiratory infections accounted for
126 710 of the reported cases. Forty-nine percent (61553/
126 710) of these were URTI, followed by 29% (37 014/126 710)
LRTI and 21% (26632/126710) mixed RTIs. Pharyngitis
accounted for 51% (31396/61553) of LRTIs. Among LRTIs,
pneumonia and tuberculosis were the most common, accounting
for 43% (16 063/37 104) and 41% (15 136/37 104), respectively.
More than 70% (10 542/15136) of the TB cases were observed
in the specific group of refugees and asylum seekers (Appendix
section 4).

Respiratory infections detected by molecular diagnosis were
mainly viruses (94%, 61688/65580), followed by bacteria
(6%, 3863/65 580) and fungi (<1%, 29/65 580). Coronaviridae
accounted for 54% (35117/65 580) of the viruses detected, with
SARS-CoV-2 accounting for 95% (33258/35117) of those.
Orthomyxoviridae were also frequent (35%, 22 683/65 580),
with HIN1 (A/H1N1) accounting for 22% (5091/22 683) of the
influenza viruses detected. Fifty-seven percent (2219/3863) of
the bacteria were Gram-negative, with Haemophilus influenzae
accounting for 49% (1081/2219) of the Gram-negative bacteria
and 28% (1081/3863) of the total bacteria detected. For fungi,
Candida albicans was the most frequent (Appendix section 5).

Global maps showing the absolute frequency of publications
related to respiratory infections in travellers in the 17 United
Nations subregional geoschemes for the four respiratory epi-
demics/pandemics of the twenty-first century are provided in the
Appendix (section 6).

Meta-analysis

Fifty-nine studies were included in the meta-analysis for respi-
ratory symptoms, of which two were eliminated by the graphic
display of heterogeneity (GOSH) analysis.**'*2*=%1 All included
studies yielded a prevalence of respiratory symptoms in travellers
of 37% [27%; 48%] for the years 2000 to 2022. Subgroup
analysis shows that this estimate varies by exposure group,
with the reported prevalence of respiratory symptoms in mass
gatherings reaching 64% [51%; 75%], whereas after air travel
only 8% [4%; 14%] of travellers had respiratory symptoms
(Figure 4).

For respiratory infection cases, 111 studies were included
in the meta-analysis, 9 of which were removed by the GOSH

analysis.“‘“*”* 15,17-20,22,28,31-37,40,43,45,46,49,51,53,54,56,58,59,64-66,69,72-74,

77.79-15% The prevalence of confirmed respiratory illness among
travellers was estimated to be 10% [8%; 14%]. Americas and
mass gatherings were the groups at highest risk, with 21%
[7%; 50%)] and 18% [11%; 27%], respectively. Asia had a
lower-than-average risk of 6% [2%; 14%] (Figure 5).

Discussion

This systematic review included 429 studies published between
2000 and January 2022 with an overall low risk of bias
that reported respiratory symptoms or confirmed RTIs in
travellers. We found a prevalence of respiratory symptoms and
confirmed RTI cases of 37% [27%; 48%] and 10% [8%; 14%],
respectively. This is the first meta-analysis to estimate global
prevalences among travellers by region and specific area. These
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results demonstrate the high burden of respiratory infections
among travellers regardless of risk group.

It is well known that mass gatherings are conducive to the
spread of airborne diseases and that participants are therefore at
high risk of suffering from respiratory symptoms and infections.
In our study, the prevalence in mass gatherings was 1.7 and 1.8
higher than the overall prevalence for respiratory symptoms and
infections, respectively, compared with other traveller groups.
Furthermore, in absolute numbers, mass gatherings accounted
for 60% of the reported cases of respiratory infections for which
the area of acquisition was available, underscoring the risk of
transmission during these events. Preventive measures, such as
frequent changing of face masks, have been suggested to reduce
respiratory transmission at mass gatherings. One study demon-
strated a positive association between changing masks every
4 hours and fewer upper respiratory tract infections.”” However,
other studies have failed to provide clear evidence of the effec-
tiveness of face masks against viral respiratory infections in this
setting, possibly because of non-compliance with protocols.* In
contrast to mass gatherings events, cases among airplane and
cruise ship passengers were essentially limited to airborne viruses
with SARS-CoV-2 and Influenza A virus accounting for most of
the cases reported in our study.

The Americas, particularly the Latin America and Caribbean
subregion, was the region with the highest absolute number of

respiratory symptoms among travellers. The estimated preva-
lence of respiratory symptoms and confirmed RTIs is also higher
than in other continents. However, the region with the highest
absolute number of confirmed respiratory infections was Asia,
particularly Southern Asia (Figure 3). This difference may be
explained by the fact that mild respiratory symptoms or infec-
tions are underrepresented in the literature. Indeed, only 8-55%
of travellers seek medical attention when they become ill during
their trip, so mild respiratory symptoms or illnesses are more
likely to go unreported.'”” In addition, most studies are from
developed countries, so reported cases depend on the preferred
destinations of these countries. In fact, Asia is the second most
visited continent after Europe, with 360 million international
tourist arrivals in 2019.

Most URTIs are caused by viral pathogens. In the last
22 years, 94% of the causative agents of RTIs in travellers
reported in the literature were viruses. It is therefore not
surprising that 49% of medically diagnosed infections in our
studies were URTIs, compared with 29% LRTIs. Fever was
found to be frequently associated with respiratory symptoms,
confirming the findings of many studies, namely that respiratory
infections are the most common cause of fever in travellers.'**~'>*
Influenza-like illness (ILI), defined by the Centers for Disease
Control and Prevention as fever (temperature of 37.8°C or
higher) and cough and/or sore throat, was frequently observed in
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Figure 4. Meta-analysis estimating the prevalence of respiratory symptoms in travellers from 2000 to 2022 with subgroup analysis by UN region and

specific groups

certain areas of increased risk for respiratory virus transmission,

such as cruises and mass gatherings. For example, in a 3-year

prospective study, 33% of ill passengers and crew members

were diagnosed with ILL"’ In our systematic review, we found
two cases of H5N1 infection in travellers. The first case was
reported in November 2010 and involved a traveller returning
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Figure 5. Meta-analysis estimating the prevalence of respiratory cases
in travellers from 2000 to 2022 with subgroup analysis by UN region
and specific groups

160

from a poultry market in Shanghai.'®® The second case was

reported in December 2013 and involved a Canadian traveller

16

who had recently returned from a 3-week stay in Beijing.'*' Avian

Influenza Weekly Update number 881, published on 3 February
2023, reports that a total of nine cases of HSN1 were reported
in China during 2010-14."* These findings highlight the critical
role of travellers as sentinels in detecting the spread of influenza
and emphasize the importance of continuous surveillance of
travellers to prevent respiratory infection outbreaks.

We observed that men were proportionately more often
affected by respiratory symptoms and infections, which contrasts
with other studies that have shown that the male sex is
associated with a lower incidence of RTIs such as pneumonia and

bronchitis.'®

3 Age appears to have a lesser impact on respiratory
infections in our study that were previously described. However,
due to the large number of missing values for age and sex, we
were not able to statistically verify these differences and the
results should therefore be interpreted with care. Further studies
are needed to estimate the sex differences in respiratory infections
among travellers.

The number of articles published annually on respiratory
infections in travellers has been increasing since the 2000s, indi-
cating a growing interest among researchers (Figure 2). While
this positive trend may be partially attributed to factors such
as improved diagnosis, the identification of new viruses and
an overall increase in awareness, the positive cyclical pattern
observed, with up to four times more publications in the year
following the four respiratory virus epidemics/pandemics of the
twenty-first century, cannot be explained by these factors alone.
This cyclical pattern suggests that travellers are significantly
affected by these viruses and reflect the global spread of respira-
tory infectious diseases. In addition, maps created using reported
cases in the literature provide further evidence of this overlap
with official maps reporting the total number of cases (Appendix
section 6). Since 1995, GeoSentinel, a network of travel and
tropical medicine clinics, has identified geographic and temporal
patterns of morbidity among travellers, immigrants and refugees.
However, GeoSentinel relies on the reporting of illness from
specified travel and tropical medicine clinics and sees only a small
proportion of ill returning travellers, which makes it difficult
to assess the true impact of respiratory infections in the global
mass of travellers. Therefore, new studies are using apps to track
travellers’ symptoms during travel to increase the accuracy of
the data and to allow ‘bottom up’, real-time reporting of illness
including respiratory illness. For instance, a pilot study that used
an app called ITIT ‘Illness Tracking in Travellers’'** to capture
travellers’ symptoms during their travel showed that 67% of
the symptoms reported during travel were symptoms suggesting
respiratory illness or infections.'®

An important limitation of our study is that in many cases
reference populations were not available, so that only absolute
numbers could be calculated in the descriptive analysis. Another
potential limitation is that most studies used a convenience
sampling method because of the difficulty of following travellers
throughout their journey. Therefore, most studies included par-
ticipants who sought counselling before the trip or ill returned
travellers. This may introduce bias into prevalence estimates,
such as underestimation. In addition, studies reporting only
ill travellers cannot be included in the meta-analysis to esti-
mate prevalence. Overrepresentation of traveller groups, such
as Hajj pilgrims, or imbalance in the number of reported cases
from countries where testing is more readily available may also
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confound the results and partially explain why species identifica-
tion is not possible in most cases. Finally, some high-risk groups
such as VFRs, immunocompromised travellers or business trav-
ellers, and sociodemographic factors such as obesity are missing
from our risk categories, so the results in this paper cannot be
generalized to such subgroups.

Conclusion

In summary, our systematic review and meta-analysis provide
an estimate of the prevalences of respiratory symptoms and
infections in travellers. In addition, we present the distribution of
these infections across UN regions, specific groups of travellers
and area of acquisition, as well as by sex. Respiratory symptoms
and infections represent a significant burden for travellers and
specific factors such as attendance at mass gatherings events
increase the risk of infection. Travellers can act as sentinels and
evaluations of traveller infections may be useful in identifying
emerging respiratory infections of pandemic potential. Further
studies are needed to better assess the true impact of these travel-
acquired respiratory infections in terms of morbidity and quality-
of-life impact. New digital tools such as mobile applications
will allow researchers access to real-time data on travellers’
illness throughout their journey and allow for rapid response to
emerging respiratory infections.

Data sharing

The sources from which the data were obtained are listed in
Appendix (section 2), and the absolute numbers used can be
found there. The full data set is available upon request from
the corresponding author (thibault.lovey@uzh.ch) after the arti-
cle has been published and a data sharing request has been
submitted.

Author contributions

Thibault Lovey (Conceptualization-Equal, Data curation-Lead,
Formal analysis-Lead, Investigation-Lead, Methodology-Equal,
Visualization-Lead, Writing—original draft-Lead), Robin Hasler
(Investigation-Equal, Writing—review & editing-Supporting),
Philippe Gautret (Validation-Equal, Writing—review & editing-
Equal), Schlagenhauf
Investigation-Equal, Methodology-Equal, Supervision-Lead,
Validation-Lead, Writing—review & editing-Lead).

Patricia (Conceptualization-Equal,

Conflict of interest: None declared.

Data availability statement

The full data set is available upon request from the corresponding
author.

References

1. World Tourism Organization (UNWTO), editor. The Economic
Contribution of Tourism and the Impact of COVID-19. World
Tourism  Organization (UNWTO), 2021. DOLhttps://doi.o
rg/10.18111/9789284423200.

(o8]

“w

10.

17.

18.

20.

21.

22.

. Trimble A, Moffat V, Collins AM. Pulmonary infections in the

returned traveller. Prneumonia 2017; 9:1.

. Baker RE, Mahmud AS, Miller IF et al. Infectious disease in an era

of global change. Nat Rev Microbiol 20225 20:193-205.

. Dollard P, Griffin I, Berro A et al. Risk assessment and management

of COVID-19 among Travelers arriving at designated U.S. airports,
January 17-September 13, 2020. MMWR Morb Mortal Wkly Rep
2020; 69:1681-5.

. Dao TL, Hoang VT, Ly TDA et al. Infectious disease symptoms

and microbial carriage among French medical students travel-
ling abroad: a prospective study. Travel Med Infect Dis 2020;
34:101548.

. Hoang V-T, Dao T-L, Ly TDA et al. The dynamics and interactions

of respiratory pathogen carriage among French pilgrims during the
2018 hajj. Emerg Microbes Infect 2019; 8:1701-10.

. Matteelli A, Beltrame A, Saleri N et al. Respiratory syndrome and

respiratory tract infections in foreign-born and national travelers
hospitalized with fever in Italy. | Travel Med 2006; 12:190-6.

. Meltzer E, Schwartz E. Travel-related respiratory infections. In:

Schwartz E (ed). Tropical Diseases in Travelers. Oxford, UK: Wiley-
Blackwell, 2009, pp. 413-26.

. Jin X, Ren J, Li R et al. Global burden of upper respiratory

infections in 204 countries and territories, from 1990 to 2019.
eClinicalMedicine 2021; 37:100986.

Mutsch M, Tavernini M, Marx A et al. Influenza virus infection
in travelers to tropical and subtropical countries. Clin Infect Dis
2005; 40:1282-7.

. Askling HH, Lesko B, Vene S et al. Serologic analysis of returned

travelers with fever. Sweden Emerg Infect Dis 2009; 15:1805-8.

. Souza Luna LK, Panning M, Grywna K et al. Spectrum of viruses

and atypical bacteria in intercontinental air travelers with symp-
toms of acute respiratory infection. J Infect Dis 2007; 195:675-9.

. Goeijenbier M, Van Genderen P, Ward BJ et al. Travellers and

influenza: risks and prevention. | Travel Med 2017; 24:taw078.

. Camps M, Vilella A, Marcos MA et al. Incidence of respiratory

viruses among travelers with a febrile syndrome returning from
tropical and subtropical areas. ] Med Virol 2008; 80:711-5.

. Cottle LE, Gkrania-Klotsas E, Williams H]J et al. A multinational

outbreak of histoplasmosis following a biology field trip in the
Ugandan rainforest. | Travel Med 2013; 20:83-7.

. Ansart S, Perez L, Vergely O et al. lllnesses in travelers returning

from the tropics: a prospective study of 622 patients. | Travel Med
2006; 12:312-8.

Plucinski MM, Wallace M, Uehara A et al. Coronavirus disease
2019 (COVID-19) in Americans aboard the Diamond Princess
cruise ship. Clin Infect Dis 2021; 72:e448-57.

Hatzianastasiou S, Mouchtouri VA, Pavli A et al. COVID-19 out-
break on a passenger ship and assessment of response measures,
Greece, 2020. Emerg Infect Dis 2021; 27:1927-30.

. Qi R-R, Wang J-Q, Pan L-L ef al. Descriptive epidemiology of

deployment-related medical conditions and shipboard training-
related injuries in a Chinese navy population. Public Health 2016;
141:170-7.

Millman AJ, Kornylo Duong K, Lafond K et al. Influenza outbreaks
among passengers and crew on two cruise ships: a recent account
of preparedness and response to an ever-present challenge. | Travel
Med 20155 22:306-11.

Williamson KM, Butler M, Elton B et al. Transmission of SARS-
CoV-2 Delta variant from an infected aircrew member on a
short-haul domestic flight, Australia 2021. | Travel Med 2022;
29:taacl44.

Balkhy HH, Memish ZA, Bafaqeer S, Almuneef MA. Influenza
a common viral infection among hajj pilgrims: time for routine
surveillance and vaccination. | Travel Med 2004; 11:82-6.

yZ0z Atenuer 0 uo 1senb Aq £z 261 2/L80PEEBYS/0E/SI0IE/W) (/W00 dno"olWapese)/:sdpy Wo.j papPEojuUMOQ



Journal of Travel Medicine, 2023, Vol. 30, 5

"

23.

24.

25.

26.

27.

28.

29.

31.

32.

W
w

34.

36.

39.

40.

41.

42.

Aromataris E, Munn Z. JBI manual for evidence synthesis. JBI
2020. https://doi.org/10.46658/JBIMES-20-01.

RStudio Team (2020). RStudio: Integrated Development for R.
RStudio, PBC, Boston, MA URL http://www.rstudio.com/.

Page M]J, McKenzie JE, Bossuyt PM et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BMJ 2021; n71.

Rack J, Wichmann O, Kamara B ez al. Risk and spectrum of diseases
in travelers to popular tourist destinations. | Travel Med 2006;
12:248-53.

Redman CA, MacLennan A, Wilson E et al. Diarrhea and respi-
ratory symptoms among travelers to Asia, Africa, and South and
Central America from Scotland. | Travel Med 2006; 13:203-11.
Olsen SJ, Chen M-Y, Liu Y-L et al. Early introduction of severe
acute respiratory syndrome coronavirus 2 into Europe. Emerg
Infect Dis 20205 26:1567-70.

Olanwijitwong J, Piyaphanee W, Poovorawan K et al. Health
problems among Thai tourists returning from India. | Travel Med
2017; 24. https://doi.org/10.1093/jtm/tax013.

. Cabada MM, Maldonado F, Mozo K et al. Self-reported health

problems among travelers visiting Cuzco: a Peruvian airport survey.
Travel Med Infect Dis 2009; 7:25-9.

Lewis M, Sanchez R, Auerbach S ez al. COVID-19 outbreak among
college students after a spring break trip to Mexico - Austin, Texas,
March 26-April 5, 2020. Mmuwr-Morb Mortal Wkly Rep 2020;
69:830-5.

Morgan ], Cano MV, Feikin DR et al. A large outbreak of
histoplasmosis among American travelers associated with a hotel
in Acapulco, Mexico, spring 2001. Am | Trop Med Hyg 2003;
69:663-9.

. Centers for Disease Control and Prevention (CDC). Coccid-

ioidomycosis in travelers returning from Mexico-Pennsylvania,
2000. MMWR Morb Mortal Wkly Rep 20005 49:1004-6.
Neatherlin ], Cramer EH, Dubray C et al. Influenza
A(HIN1)pdmO09 during air travel. Travel Med Infect Dis 2013;
11:110-8.

. Vogt TM, Guerra MA, Flagg EW et al. Risk of severe acute

respiratory syndrome—associated coronavirus transmission aboard
commercial aircraft. | Travel Med 2006; 13:268-72.

Toyokawa T, Shimada T, Hayamizu T et al. Transmission of SARS-
CoV-2 during a 2-h domestic flight to Okinawa, Japan, March
2020. Influenza Other Respi Viruses 20225 16:63-71.

. Speake H, Phillips A, Chong T et al. Flight-associated transmis-

sion of severe acute respiratory syndrome coronavirus 2 corrob-
orated by whole-genome sequencing. Emerg Infect Dis 2020; 26:
2872-80.

. Centers for Disease Control and Prevention (CDC). Influenza B

virus outbreak on a cruise ship-northern Europe, 2000. MMWR
Morb Mortal Wkly Rep 20015 50:137-40.

Ferson M, Paraskevopoulos P, Hatzi S et al. Presumptive summer
influenza A: an outbreak on a trans-Tasman cruise. Commun Dis
Intell 2000; 24:45-7.

Walker L], Codreanu TA, Armstrong PK et al. SARS-CoV-2 infec-
tions among Australian passengers on the Diamond Princess cruise
ship: a retrospective cohort study. PloS One 2021; 16:¢0255401.
Rashid H, Barasheed O, Booy R. Acute febrile respiratory infec-
tion symptoms in Australian hajjis at risk of exposure to Middle
East respiratory syndrome coronavirus. Med | Aust 2013; 199:
453-3.

Alfelali M, Haworth EA, Barasheed O et al. Facemask against viral
respiratory infections among hajj pilgrims: a challenging cluster-
randomized trial. PloS One 2020; 15:¢0240287.

. Hajj Research Team, Barasheed O, Rashid H et al. Viral respiratory

infections among hajj pilgrims in 2013. Virol Sin 2014; 29:364-71.

44,

46.

47.

48.

49.

50.

57.

58.

60.

61.

62.

63.

Balaban V, Stauffer WM, Hammad A et al. Protective practices and
respiratory illness among US Travelers to the 2009 hajj. | Travel
Med 2012; 19:163-8.

. Refaey S, Amin MM, Roguski K et al. Cross-sectional survey and

surveillance for influenza viruses and MERS-CoV among Egyptian
pilgrims returning from hajj during 2012-2015. Influenza Other
Respi Viruses 2017; 11:57-60.

Mushi A, Yassin Y, Khan A ez al. A longitudinal study regarding the
health profile of the 2017 South African hajj pilgrims. Int | Environ
Res Public Health 2021; 18:3607.

Alasmari AK, Edwards PJ, Assiri AM et al. Use of face masks
and other personal preventive measures by hajj pilgrims and their
impact on health problems during the hajj. | Travel Med 2020;
27:taaal5s.

Hoang V-T, Goumballa N, Dao T-L et al. Respiratory and gastroin-
testinal infections at the 2017 Grand Magal de Touba, Senegal: a
prospective cohort survey. Travel Med Infect Dis 2019; 32:101410.
Sejvar ], Bancroft E, Winthrop K e al. Leptospirosis in “eco-
challenge” athletes, Malaysian Borneo, 2000. Emerg Infect Dis
2003; 9:702-7.

Goumballa N, Hoang VT, Perieres L ez al. Lack of Neisseria menin-
gitidis among pilgrims during the 2017, 2018 and 2019 Grand
Magal of Touba. Senegal Clin Microbiol Infect 2020; 26:1697-8.

. Husain EH, Dashti AA, Electricwala QY et al. Absence of Neisseria

meningitidis from throat swabs of Kuwaiti pilgrims after returning

from the hajj. Med Princ Pract 2010; 19:321-3.

. Al-Jasser FS, Kabbash 1A, AlMazroa MA, et al. Patterns of diseases

and preventive measures among domestic hajjis from Central, Saudi
Arabia [complete republication]. East Mediterr Health | Rev Sante
Mediterr Orient Al-Majallah Al-Sibbiyah Li-Sharq Al-Mutawassit
2013; 19 Suppl 2: S34-41.

. Wilder-Smith A, Foo W, Earnest A et al. High risk of mycobac-

terium tuberculosis infection during the hajj pilgrimage. Trop Med
Int Health 20055 10:336-9.

. Wilder-Smith A, Earnest A, Ravindran S et al. High incidence of

pertussis among hajj pilgrims. Clin Infect Dis 2003; 37:1270-2.

. Alqahtani AS, Tashani M, Heywood AE et al. Tracking Australian

hajj pilgrims’ health behavior before, during and after hajj, and the
effective use of preventive measures in reducing hajj-related illness:
a cohort study. Pharmacy 2020; 8:78.

56. Park J-H, Jang JH, Lee K et al. COVID-19 outbreak and presymp-

tomatic transmission in pilgrim travelers who returned to Korea
from Israel. | Korean Med Sci 2020; 35:e424.

Hoang V-T, Meftah M, Anh Ly TD et al. Bacterial respiratory
carriage in French hajj pilgrims and the effect of pneumococcal
vaccine and other individual preventive measures: a prospective
cohort survey. Travel Med Infect Dis 2019; 31:101343.

Annan A, Owusu M, Marfo KS et al. High prevalence of common
respiratory viruses and no evidence of Middle East respiratory
syndrome coronavirus in hajj pilgrims returning to Ghana, 2013.
Trop Med Int Health 2015; 20:807-12.

. El Bashir H, Haworth E, Zambon M et al. Influenza among U.K.

pilgrims to hajj, 2003. Emerg Infect Dis 2004; 10:1882-3.
Gautret P, Benkouiten S, Griffiths K et al. The inevitable hajj cough:
surveillance data in French pilgrims, 2012-2014. Travel Med Infect
Dis 2015; 13:485-9.

Hoang V-T, Ali-Salem S, Belhouchat K et al. Respiratory tract
infections among French hajj pilgrims from 2014 to 2017. Sci Rep
2019; 9:17771.

Imani R, Karimi A, Habibian R. Acute respiratory viral infections
among Tamattu’ hajj pilgrims in Iran. Life Sci | 2013; 10:449-53.
Hoang V-T, Nguyen T-T-T, Belhouchat K et al. Antibiotic use for
respiratory infections among hajj pilgrims: a cohort survey and
review of the literature. Travel Med Infect Dis 2019; 30:39-435.

yZ0z Atenuer 0 uo 1senb Aq £z 261 2/L80PEEBYS/0E/SI0IE/W) (/W00 dno"olWapese)/:sdpy Wo.j papPEojuUMOQ



12

Journal of Travel Medicine, 2023, Vol. 30, 5

64

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

76.

77.

78.

79.

80.

81.

82.

83.

84.

. Gautret P, Charrel R, Belhouchat K ef al. Lack of nasal carriage of
novel corona virus (HCoV-EMC) in French hajj pilgrims returning
from the hajj 2012, despite a high rate of respiratory symptoms.
Clin Microbiol Infect 2013; 19:E315-7.

Benkouiten S, Charrel R, Belhouchat K et al. Circulation of respira-
tory viruses among pilgrims during the 2012 hajj pilgrimage. Clin
Infect Dis 2013; 57:992-1000.

Benkouiten S, Charrel R, Belhouchat K et al. Respiratory viruses
and bacteria among pilgrims during the 2013 hajj. Emerg Infect
Dis 2014; 20:1821-7.

Razavi SM, Masoud A, Ardakani HZ, Dabiran S. Common infec-
tion and allergy induced biomarkers status in respiratory diseases
among Iranian hajj pilgrims. Health (N Y) 2014; 06:137-40.
Hashim S, Ayub ZN, Mohamed Z et al. The prevalence and
preventive measures of the respiratory illness among Malaysian
pilgrims in 2013 hajj season. | Travel Med 2016; 23:tav019.

Kim JH, Lee D-H, Shin S-S et al. In-flight transmission of novel
influenza A (HIN1). Epidemiol Health 2010; 32:¢2010006.
Barbero Gonzilez A, Toledo A, Saavedra F, Esteban Fernindez
J et al. Management of vaccinations and prophylaxis of interna-
tional travellers from community pharmacy (VINTAF study). Aten
Primaria 2003; 32:276-81.

Alon D, Shitrit P, Chowers M. Risk behaviors and spectrum of
diseases among elderly travelers: a comparison of younger and
older adults. | Travel Med 2010; 17:250-5.

Vilkman K, Pakkanen SH, Laiveri T, Siikamiki H et al. Travelers’
health problems and behavior: prospective study with post-travel
follow-up. BMC Infect Dis 2016; 16:328.

Monge-Maillo B, Norman FF, Pérez-Molina JA, Navarro M et al.
Travelers visiting friends and relatives (VFR) and imported infec-
tious disease: travelers, immigrants or both? A comparative analy-
sis. Travel Med Infect Dis 2014; 12:88-94.

Yue Y, Chen Y, Du X ef al. A survey of a COVID-19 cluster of
charter flight importation. Public Health 2021; 199:107-9.

. Stojanovic KS, Lionnet F, Girot R ef al. The risk of going abroad
in sickle cell disease: a study of 148 adults. Trans R Soc Trop Med
Hyg 2011; 105:310-4.

Vlot JA, Vive MGD, Brockhoff HJ et al. Predicting morbidity in
older travellers during a short-term stay in the tropics: the ELDEST
study. | Travel Med 2021; 28:taaa216.

Ratnam I, Black J, Leder K et al. Incidence and risk factors for acute
respiratory illnesses and influenza virus infections in Australian
travellers to Asia. | Clin Virol 2013; 57:54-8.

Suryapranata F, Boyd A, Grobusch MP et al. Symptoms of infec-
tious diseases in HIV-positive travellers: a prospective study with
exposure-matched controls. Travel Med Infect Dis 2019; 29:28-33.
Dao TL, Canard N, Hoang VT et al. Risk factors for symptoms
of infection and microbial carriage among French medical students
abroad. Int | Infect Dis 2020; 100:104-11.

Thi Loi D, Van Thuan H, Tran Duc Anh L et al. Infectious disease
symptoms and microbial carriage among French medical students
travelling abroad: a prospective study. Travel Med Infect Dis 2020;
34, https://doi.org/10.1016/j.tmaid.2019.101548.

Meysamie A, Ardakani HZ, Razavi SM et al. Comparison of
mortality and morbidity rates among Iranian pilgrims in hajj 2004
and 2005. Saudi Med ] 2006; 27:1049-53.

Brotherton JML, Delpech VC, Gilbert GL et al. A large outbreak of
influenza a and B on a cruise ship causing widespread morbidity.
Epidemiol Infect 2003; 130:263-71.

Arima Y, Kutsuna S, Shimada T ez al. Severe acute respiratory
syndrome coronavirus 2 infection among returnees to Japan from
Wuhan, China, 2020. Emerg Infect Dis 2020; 26:1596-600.
Fanoy EB, Sande MA, Kraaij-Dirkzwager M et al. Travel-related
MERS-CoV cases: an assessment of exposures and risk factors in

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

96.

97.

98.

99.

100.

101.

102.

a group of Dutch travellers returning from the Kingdom of Saudi
Arabia, May 2014. Emerg Themes Epidemiol 2014; 11:16.
Goldsmid JM, Sharples N, Bettiol SS. A preliminary study on travel
health issues of medical students undertaking electives. | Travel Med
2006; 10:160-2.

Centers for Disease Control and Prevention (CDC). Update: out-
break of acute febrile illness among athletes participating in Eco-
Challenge-Sabah 2000-Borneo, Malaysia, 2000. MMWR Morb
Mortal Wkly Rep 20015 50:21-4.

Fishbein D, Sandoval M, Wright C et al. Public health surveillance
using emergency medical service logs - US-Mexico land border, El
Paso, Texas, 2009. Morb Mortal Wkly Rep 2010; 59:649-53.
Toda M, Gonzalez FJ, Fonseca-Ford M et al. Notes from the field:
multistate Coccidioidomycosis outbreak in U.S. residents returning
from community service trips to Baja California, Mexico - July-
August 2018. MMWR Morb Mortal Wkly Rep 2019; 68:332-3.
Catala L, Rius C, Garcia de Olalla P et al. Pandemic a/HIN1
influenza: transmission of the first cases in Spain. Enferm Infecc
Microbiol Clin 2012; 30:60-3.

Centers for Disease Control and Prevention (CDC). Update: out-
break of acute febrile respiratory illness among college students—
Acapulco, Mexico, March 2001. MMWR Morb Mortal Wkly Rep
2001; 50:359-60.

Tande AJ, Binnicker MJ, Ting HH et al. SARS-CoV-2 testing before
international airline travel, December 2020 to May 2021. Mayo
Clin Proc 2021; 96:2856-60.

Duncan AR, Priest PC, Jennings LC et al. For influenza infection
in international airline travelers. Am | Public Health 2009; 99:
$360-2.

Foxwell AR. Transmission of influenza on international flights,
May 2009. Emerg Infect Dis 20115 17:1188-94.

Olsen SJ, Chang H-L, Cheung TY-Y et al. Transmission of the
severe acute respiratory syndrome on aircraft. N Engl | Med 2003;
349:2416-22.

. Han K, Zhu X, He F et al. Lack of airborne transmission during

outbreak of pandemic (HIN1) 2009 among tour group members,
China, June 2009. Emerg Infect Dis 2009; 15:1578-81.

Young N, Pebody R, Smith G et al. International flight-related
transmission of pandemic influenza A(H1N1)pdm09: an historical
cohort study of the first identified cases in the United Kingdom.
Influenza Other Respi Viruses 2014; 8:66-73.

Chen J,He H, Cheng W et al. Potential transmission of SARS-CoV-2
on a flight from Singapore to Hangzhou, China: an epidemiological
investigation. Travel Med Infect Dis 2020; 36:101816.

Nguyen Cong K, Pham Quang T, Ha-Linh Q ef al. Transmission
of SARS-CoV-2 during long-haul flight. Emerg Infect Dis 2020;
26:2617-24.

Quach H-L, Hoang N-AT, Nguyen CK et al. Successful containment
of a flight-imported COVID-19 outbreak through extensive contact
tracing, systematic testing and mandatory quarantine: lessons from
Vietnam. Travel Med Infect Dis 2021; 42:102084.

Baker MG, Thornley CN, Mills C et al. Transmission of pandemic
a/H1N1 2009 influenza on passenger aircraft: retrospective cohort
study. BMJ 2010; 340:c2424-4.

Murphy N, Boland M, Bambury N et al. A large national out-
break of COVID-19 linked to air travel, Ireland, summer 2020.
Eurosurveillance 2020; 25. https://doi.org/10.2807/1560-7917.E
$.2020.25.42.2001624.

Islamoglu MS, Cengiz M, Borku Uysal B et al. COVID-19 serocon-
version in the aircrew from Turkey. Travel Med Infect Dis 2021;
44:102190.

3. Dhanasekaran V, Edwards KM, Xie R et al. Air travel-related

outbreak of multiple SARS-CoV-2 variants. | Travel Med 2021;
28:taab149.

yZ0z Atenuer 0 uo 1senb Aq £z 261 2/L80PEEBYS/0E/SI0IE/W) (/W00 dno"olWapese)/:sdpy Wo.j papPEojuUMOQ



Journal of Travel Medicine, 2023, Vol. 30, 5

13

104.

106.

107.

108.

110.

111.

112.

114.

115.

116.

117.

118.

119.

120.

121.

Marshall CA, Morris E, Unwin N. An epidemiological study of rates
of illness in passengers and crew at a busy Caribbean cruise port.
BMC Public Health 20165 16:314.

5. Savini S, Monaco D, Turci C. Prevention of the spread of SARS

COV-2 by rapid antigenic tests on the passengers entering an Italian
seaport. Ann Ig Med Prev E Comunita 2021; 518-20.

Kakimoto K, Kamiya H, Yamagishi T et al. Initial investigation of
transmission of COVID-19 among crew members during quaran-
tine of a cruise ship — Yokohama, Japan, February 2020. MM WR
Morb Mortal Wkly Rep 2020; 69:312-3.

Fernandes EG, Souza PB, Oliveira MEB et al. Influenza B outbreak
on a cruise ship off the Sao Paulo coast, Brazil. | Travel Med 2014;
21:298-303.

Ward KA, Armstrong P, McAnulty JM et al. Outbreaks of pandemic
(HIN1) 2009 and seasonal influenza A (H3N2) on cruise ship.
Emerg Infect Dis 2010; 16:1731-7.

. Moriarty LF, Plucinski MM, Marston B] et al. Public health

responses to COVID-19 outbreaks on cruise ships — worldwide,
February-March 2020. MMWR Morb Mortal Wkly Rep 2020;
69:347-52.

Codreanu TA, Pingault N, O’Loughlin E, Armstrong PK et al. The
healthy crew, clean vessel, and set departure date triad: successful
control of outbreaks of COVID-19 on board four cargo vessels.
Prebospital Disaster Med 2021; 36:611-20.

Crepet A, Repetto E, Al Rousan A et al. Lessons learnt from TB
screening in closed immigration centres in Italy. Int Health 2016;
8:324-9.

Aldridge RW, Zenner D, White PJ et al. Prevalence of and risk
factors for active tuberculosis in migrants screened before entry to
the UK: a population-based cross-sectional study. Lancet Infect Dis
20165 16:962-70.

. Crawshaw AF, Pareek M, Were ] et al. Infectious disease testing

of UK-bound refugees: a population-based, cross-sectional study.
BMC Med 2018; 16:143.

Di Meco E, Di Napoli A, Amato LM et al. Infectious and dermato-
logical diseases among arriving migrants on the Italian coasts. Eur
J Public Health 2018; 28:910-6.

Pistone T, Ouattara E, Gabillard D et al. Travel-related health
events and their risk factors in HIV-infected sub-Saharan migrants
living in France and visiting their native country: the ANRS VIHVO
cohort study. Travel Med Infect Dis 2019; 29:40-7.

Ravensbergen SJ, Berends M, Stienstra Y, Ott A. High prevalence
of MRSA and ESBL among asylum seekers in the Netherlands. PloS
One 2017; 12:e0176481.

Varkey P, Jerath AU, Bagniewski SM et al. The epidemiology of
tuberculosis among primary refugee arrivals in Minnesota between
1997 and 2001. | Travel Med 2007; 14:1-8.

Ziyaeyan M, Alborzi A, Jamalidoust M et al. Pandemic 2009
influenza a (HIN1) infection among 2009 hajj pilgrims from
southern Iran: a real-time RT-PCR-based study: A(HIN1)pdm09
infection among 2009 hajj pilgrims from Iran. Influenza Other
Respi Viruses 2012; 6:e80-4.

Leung WL, Yu EL, Wong S et al. Findings from the first pub-
lic COVID-19 temporary test centre in Hong Kong. Hong Kong
Med ] 2021published online April 1. https://doi.org/10.12809/
hkmj208909.

Ashshi A, Azhar E, Johargy A et al. Demographic distribution and
transmission potential of influenza A and 2009 pandemic influenza
A HINT1 in pilgrims. | Infect Dev Ctries 2014; 8:1169-75.
Ceyhan M, Celik M, Demir ET et al. Acquisition of Meningococ-
cal Serogroup W-135 carriage in Turkish hajj pilgrims who had
received the quadrivalent meningococcal polysaccharide vaccine.
Clin Vaccine Immunol 2013; 20:66-8.

122.

123.

124.

127.

128.

129.

130.

132.

134.

137.

138.

139.

140.

Emamian MH, Hassani AM, Fateh M. Respiratory tract infections
and its preventive measures among hajj pilgrims, 2010: a nested
case control study. Int | Prev Med 2013; 4:1030-35.

Koul PA, Mir H, Saha S et al. Influenza not MERS CoV among
returning hajj and Umrah pilgrims with respiratory illness, Kashmir,
North India, 2014-15. Travel Med Infect Dis 2017; 15:45-7.
Memish ZA, Assiri AM, Hussain R, Alomar I et al. Detection of
respiratory viruses among pilgrims in Saudi Arabia during the time
of a declared influenza A(HIN1) pandemic. | Travel Med 2012,
19:15-21.

5. Verhoeven PO, Gautret P, Haddar CH, et al. Molecular dynamics

of Staphylococcus aureus nasal carriage in hajj pilgrims. Clin
Microbiol Infect 201535 21: 650.5-650.€8.

. Ganaie F, Nagaraj G, Govindan V et al. Impact of hajj on the

S. pneumoniae carriage among Indian pilgrims during 2016- a
longitudinal molecular surveillance study. Travel Med Infect Dis
2018; 23:64-71.

Wilder-Smith A. Acquisition of W135 meningococcal carriage in
hajj pilgrims and transmission to household contacts: prospective
study. BMJ 2002; 325:365-6.

Chaw L, Koh WC, Jamaludin SA, Naing L et al. Analysis of SARS-
CoV-2 transmission in different settings. Brunei Emerg Infect Dis
2020; 26:2598-606.

Al-Asmary S, Al-Shehri A-S, Abou-Zeid A et al. Acute respira-
tory tract infections among hajj medical mission personnel, Saudi
Arabia. Int | Infect Dis 2007; 11:268-72.

Barasheed O, Almasri N, Badahdah A-M et al. Pilot randomised
controlled trial to test effectiveness of facemasks in preventing
influenza-like illness transmission among Australian hajj pilgrims
in 2011. Infect Disord - Drug Targets 2014; 14:110-6.

1. Choudhry AJ, Al-Mudaimegh KS, Turkistani AM et al. Hajj-

associated acute respiratory infection among hajjis from Riyadh.
East Mediterr Health | Rev Sante Mediterr Orient Al-Majallah
Al-Sibhiyah Li-Sharq Al-Mutawassit 2006; 12:300-9.

Nik Zuraina NMN, Sarimah A, Suharni M et al. High frequency
of haemophilus influenzae associated with respiratory tract infec-
tions among Malaysian hajj pilgrims. | Infect Public Health 2018;
11:878-83.

. Memish ZA, Assiri A, Turkestani A, et al. Mass gathering and

globalization of respiratory pathogens during the 2013 hajj. Clin
Microbiol Infect 2015; 21: 571.e1-571.¢8.

Razavi Mansour S, Ziaee H, Mokhtari-Azad T, et al. Surveying
respiratory infections among Iranian Hajj pilgrims. Arch Clin Infect
Dis 2007; 2: 67-70.

. Fang L-Q, Sun Y, Zhao G-P et al. Travel-related infections in

mainland China, 2014-16: an active surveillance study. Lancet
Public Health 2018; 3:¢385-94.

. Myers JF, Snyder RE, Porse CC et al. Identification and monitoring

of international travelers during the initial phase of an outbreak
of COVID-19 — California, February 3-March 17,2020. MMWR
Morb Mortal Wkly Rep 2020; 69:599-602.

Liu W, Hu W, Dong Z et al. Travel-related infection in Guangzhou,
China, 2009-2019. Travel Med Infect Dis 2021; 43:102106.
Al-Tawfiq JA, Sattar A, Al-Khadra H ez al. Incidence of COVID-
19 among returning travelers in quarantine facilities: a longitudinal
study and lessons learned. Travel Med Infect Dis 2020; 38:101901.
Goel V, Bulir D, De Prophetis E et al. COVID-19 international
border surveillance at Toronto’s Pearson Airport: a cohort study.
BM] Open 2021; 11:e050714.

Williams GH, Llewelyn A, Brandao R, Chowdhary K ez al. SARS-
CoV-2 testing and sequencing for international arrivals reveals
significant cross border transmission of high risk variants into the
United Kingdom. eClinicalMedicine 2021; 38:101021.

yZ0z Atenuer 0 uo 1senb Aq £z 261 2/L80PEEBYS/0E/SI0IE/W) (/W00 dno"olWapese)/:sdpy Wo.j papPEojuUMOQ



14

Journal of Travel Medicine, 2023, Vol. 30, 5

141.

142.

144.

146.

147.

148.

149.

150.

151.

152.

Wieten RW, Leenstra T, Goorhuis A et al. Health risks of travelers
with medical conditions—a retrospective analysis. | Travel Med
20125 19:104-10.

Vlot JA, Blanter AL Jonker EFF et al. Travel preparation and health
risks in Dutch and Belgian medical students during an elective
in low- or middle-income countries: a prospective self-reporting
cohort study. Travel Med Infect Dis 20205 37:101779.

. Bertollini R, Chemaitelly H, Yassine HM et al. Associations of

vaccination and of prior infection with positive PCR test results for
SARS-CoV-2 in airline passengers arriving in Qatar. JAMA 2021;
326:185.

Lytras T, Dellis G, Flountzi A et al. High prevalence of SARS-CoV-
2 infection in repatriation flights to Greece from three European

countries. | Travel Med 2020; 27:taaa054.

5. Bae SH, Shin H, Koo H-Y et al. Asymptomatic transmission

of SARS-CoV-2 on evacuation flight. Emerg Infect Dis 2020;
26:2705-8.

Belderok S-M, Rimmelzwaan GF, van den Hoek A, Sonder GJB.
Effect of travel on influenza epidemiology. Emerg Infect Dis 2013;
19:925-31.

Sharafeldin E, Soonawala D, Vandenbroucke JP et al. Health risks
encountered by Dutch medical students during an elective in the
tropics and the quality and comprehensiveness of pre-and post-
travel care. BMC Med Educ 2010; 10:89.

Horvath LL, Murray CK, Dooley DP. Effect of maximizing a
travel medicine clinic-s prevention strategies. | Travel Med 2006;
12:332-7.

Whelan J, Rimmelzwaan GF, Hoek A et al. Influenza in long-
term Dutch travelers in the tropics: symptoms and infections. BMC
Infect Dis 20165 16:158.

Camprubi-Ferrer D, Cobuccio L, Van Den Broucke S ez al. Causes
of fever in returning travelers: a European multicenter prospective
cohort study. | Travel Med 2022; 29:taac002.

Potdar V, Choudhary M, Bhardwaj S et al. Respiratory virus
detection among the overseas returnees during the early phase
of COVID-19 pandemic in India. Indian | Med Res 20205 151:
486.

Angelin M, Evengard B, Palmgren H. Illness and risk behaviour in
health care students studying abroad. Med Educ 2015; 49:684-91.

153.

154.

155.

158.

159.

160.

161.

162.

163.

164.

Venugopal U, Jilani N, Rabah S ez al. SARS-CoV-2 seroprevalence
among health care workers in a new York City hospital: a cross-
sectional analysis during the COVID-19 pandemic. Int | Infect Dis
2021; 102:63-9.

Furuya-Kanamori L, Mills D, Sheridan S et al. Medical and psycho-
logical problems faced by young Australian gap year travellerst. |
Travel Med 2017; 24. https://doi.org/10.1093/jtm/tax052.

Angelo KM, Kozarsky PE, Ryan ET et al. What proportion of
international travellers acquire a travel-related illness? A review of
the literature. | Travel Med 2017; 24.

. Wilson ME, Weld LH, Boggild A et al. Fever in returned travelers:

results from the GeoSentinel surveillance network. Clin Infect Dis
2007; 44:1560-8.

. Torresi J, Leder K. Defining infections in international travellers

through the GeoSentinel surveillance network. Nat Rev Microbiol
2009; 7:895-901.

O’Brien D, Tobin S, Brown GV et al. Fever in returned travelers:
review of hospital admissions for a 3-year period. Clin Infect Dis
2001; 33:603-9.

Pavli A, Maltezou HC, Papadakis A et al. Respiratory infections
and gastrointestinal illness on a cruise ship: a three-year prospective
study. Travel Med Infect Dis 2016; 14:389-97.

To KK, Ng KH, Que T-L et al. Avian influenza a H5N1 virus: a
continuous threat to humans. Emerg Microbes Infect 20125 1:1-12.
Rajabali N, Lim T, Sokolowski C et al. Avian influenza a
(H5N1) infection with respiratory failure and meningoencephalitis
in a Canadian traveller. Can | Infect Dis Med Microbiol 2015;
26:221-3.

Avian Influenza Weekly Update Number 881. 2023; published
online Feb 3. https://www.who.int/westernpacific/femergencies/su
rveillance/avian-influenza (accessed Feb 13,2023).

Leder K, Sundararajan V, Weld L et al. Respiratory tract infections
in travelers: a review of the GeoSentinel surveillance network. Clin
Infect Dis 2003; 36:399-406.

ITIT - Ilness tracking in travellers. https://www.itit-travelhealth.o
rg/ (accessed Feb 13, 2023).

. Hedrich N, Lovey T, Kuenzli E et al. Infection tracking in travellers

using a mobile app (ITIT): the pilot study. Travel Med Infect Dis
2023; 52:102526.

yZ0z Atenuer 0 uo 1senb Aq £z 261 2/L80PEEBYS/0E/SI0IE/W) (/W00 dno"olWapese)/:sdpy Wo.j papPEojuUMOQ



	 Travel-related respiratory symptoms and infections in travellers 2000--22: a systematic review and meta-analysis
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Data sharing
	Author contributions
	Data availability statement


