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Abstract

Background: International travel has been recognized as a risk factor contributing to the spread of antimicrobial
resistance (AMR). However, tools focused on AMR in the context of international travel and designed to guide
decision-making are limited. We aimed at developing an evidence-based educational tool targeting both healthcare
professionals (HCPs) and international travellers to help prevent the spread of AMR.

Methods: A literature review on 12 antimicrobial-resistant bacteria (ARB) listed as critical and high tiers in the WHO
Pathogen Priority List covering four key areas was carried out: AMR surveillance data; epidemiological studies
reporting ARB prevalence data on carriage in returning travellers; guidance documents reporting indications on
screening for ARB in returning travellers and recommendations for ARB prevention for the public. The evidence,
catalogued at country-level, provided the content for a series of visualizations that allow assessment of the risk of
AMR acquisition through travel.

Results: Up to January 2021, the database includes data on: (i) AMR surveillance for 2.018.241 isolates from 86
countries; (ii) ARB prevalence of carriage from 11.679 international travellers and (iii) 15 guidance documents
published by major public health agencies. The evidence allowed the development of a consultation scheme for
the evaluation of risk factors, prevalence of carriage, proportion and recommendations for screening of AMR. For
the public, pre-travel practical measures to minimize the risk of transmission were framed.

Conclusions: This easy-to-use, annually updated, freely accessible AMR travel tool (https:/epi-net.eu/travel-tool/o
verview/), is the first of its kind to be developed. For HCPs, it can provide a valuable resource for teaching and
a repository that facilitates a stepwise assessment of the risk of AMR spread and strengthen implementation of
optimized infection control measures. Similarly, for travellers, the tool has the potential to raise awareness of AMR
and outlines preventive measures that reduce the risk of AMR acquisition and spread.
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Background

Antimicrobial resistance (AMR) is a global public health issue
that is limiting the ability to successfully treat infections. Interna-
tional travel has been recognized as one of the risk factors for the
acquisition and spread of antibiotic-resistant bacteria (ARB),’
together with human and animal antibiotic misuse, healthcare
transmission, suboptimal antibiotic dosing and environmental
contamination.’

At international, national and local levels, surveillance
programs, implementation of infection prevention and con-
trol (IPC) measures and antimicrobial stewardship (AMS)
interventions are recognized as key components of the AMR
control strategies. Surveillance systems and repositories, such as
the European Antimicrobial Resistance Surveillance Network
(EARS-Net), the Global Antimicrobial Resistance Surveillance
System (GLASS), the Centre for Disease Dynamics, Economics
& Policy’s (CDDEP) and the COMBACTE-MAGNET Epi-
demiology Network (EPI-Net), allow the monitoring of AMR
through the timely sharing of data and provide a valuable
source of information, particularly with regard to documenting
trends in AMR at global level. So far, surveillance reports
focusing on imported cases due to travelling are limited and
recommendations on the ideal population among travellers to
be targeted by screening activities are still to be defined.’

Constant monitoring and extraction of AMR data from
surveillance systems is one of the mainstay of the COMBACTE-
MAGNET EPI-Net project in the fight against the spread of
AMR. AMR epidemiological data from surveillance systems
across Europe are collected, regularly updated and made freely
available through a web-based platform (www.epi-net.eu). Since
its launch in September 2018, the EPI-Net platform is continu-
ously developing new visualization tools to facilitate consultation
of AMR data from different sources.

Although international travel has been recognized as a
relevant contributing factor to AMR, no traveller-based clinical
algorithms exist to support healthcare professionals (HCPs)
decision-making in terms of IPC and AMS strategies to be
adopted in the daily practice when dealing with individuals
returning from travel.

With the purpose of retrieving and displaying data specifically
focusing on AMR and international travel, a multi-pronged
review of the literature was conducted, covering four key areas
including AMR surveillance, ARB carriage and IPC guidance.

The collected evidence set the groundwork to build the frame-
work of the ‘AMR travel tool’, an ad hoc, evidence-based,
dynamic tool designed for both HCPs and international trav-
ellers. The AMR travel tool has been successfully integrated in
the existing EPI-Net online platform.

Methodology

Data collection

Data were obtained through a comprehensive multi-step litera-
ture review covering the following four key areas:

i) Public access to national/international AMR surveillance
databases and repositories reporting the most recent AMR
data for invasive and non-invasive clinically relevant resistant
isolates.

ii) epidemiological studies reporting prevalence data on ARB
carriage in returning international travellers,

iii) guidance documents from main public health agencies pub-
lished between January 2010-December 2020 reporting indi-
cations on screening for ARB in individuals returning from
international travel,

iv) guidance documents and official websites reporting practical
recommendations to prevent AMR targeting the public.

The target ARB were those listed at critical and high tiers in
the World Health Organization (WHO) s global Pathogen Prior-
ity List (PPL)*: carbapenem-resistant Acinetobacter baumannii
(CRAB), carbapenem-resistant Escherichia coli, carbapenem-
resistant Klebsiella pneumoniae, carbapenem-resistant Pseu-
domonas aeruginosa (CRPA), third-generation cephalosporins-
resistant E. coli, third-generation cephalosporins-resistant
K. pneumoniae, vancomycin-resistant Enterococcus faecium
(VRE), methicillin-resistant Staphylococcus aureus (MRSA),
fluoroquinolone-resistant (FQR) Neisseria gonorrboea, FQR-
Salmonella spp, FQR- Campylobacter spp, third-generation
cephalosporins-resistant Neisseria gonorrboea. The modified
PICO inclusion/exclusion criteria and a comprehensive list
of the variables collected for each key area is displayed in
Supplementary Tables 1 and 2.

Search strategy

Mapping of surveillance systems and proportion of AMR. An existing
list of national surveillance sources and international reposi-
tories (EPI-Net,’) including data on at least one of the target
ARB (Supplementary Table 3) was updated and used to retrieve
country-level data. The mapping update of the existing inven-
tories was performed from January 2017 to December 2020
in English language. The list and the main characteristics of
surveillance systems and networks identified for ARB data collec-
tion are summarized in Supplementary Table 3. Information on
proportion of resistance for the target pathogens isolated from
invasive or clinically relevant samples were extracted. When data
on ARB targets could not be retrieved from surveillance reports,
an additional pathogen-based search targeting the missing data
for specific pathogens or countries was performed. Multicentre
studies published between January 2017 and December 2020
reporting surveillance data for at least two hospital centres and
for at least one continuous year were included. Reviews were
excluded and used only to identify original research articles
reporting proportion of resistance. When resistance data for
less than 30 isolates were reported by a surveillance system or
study, data were not extracted. The search terms used are listed
in Supplementary Table 4, and the studies for which data were
extracted are listed in Supplementary Table 5.

Prevalence of ARB carriage in returning travellers. A search for stud-
ies reporting data on carriage of ARB targets in individuals
returning from international travel was conducted using PubMed
database. Studies published between January 2015 and Decem-
ber 2020 in English language were searched using the following
terms: ((‘travel’ OR ‘migration’ OR ‘migrant’ OR ‘spread’) AND
(‘antibiotic’ OR ‘drug’ OR ‘antimicrobial’ AND resistantx) AND
(‘colonization’ OR ‘carriage’)). No restriction by study type was
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applied. Reviews were excluded and used only to identify original
research articles reporting proportion of resistance in returned
individuals.

Guidance documents on AMR screening in individuals with a history
of travel. A literature search on the most relevant guidance
documents reporting recommendations on screening activities
among individuals with a history of travel was conducted using
PubMed and Google search engine from January 2010 and
December 2020 and was restricted to English language. The
following search strategy was applied: (‘antimicrobial resistance’
OR “antibiotic resistance’ OR ‘AMR’ OR ‘multidrug resistant-
bacteria’) AND ‘screening’ AND (‘travel’ OR ‘international
travel” OR ‘travellers’ OR ‘transfer abroad’) AND ‘pathogen
name’ AND ‘country name’. Clinical guidelines for ARB
prevention and control that did not provide recommendations
specifically targeting international travellers were excluded.

Practical recommendations for international travellers. Published lit-
erature from international public health societies and agencies,
such as the WHO, ECDC and CDC providing practical rec-
ommendations dedicated to preventing the risk of acquiring
ARB, were comprehensively reviewed. General information on
AMR and practical recommendations were additionally searched
through Google search engine using the following combination
of terms: ‘antimicrobial resistance’ AND (‘international travel’
OR ‘travel health’) AND (‘educationx’ OR ‘advice’).

Data synthesis, tool design and validation
process

The data collected were grouped at country-level and used to
develop a graphical consultation tool to be integrated in the
already established COMBACTE-MAGNET EPI-Net website.

In order to optimize the communication of the web tool
content to the target audience, a beta version was sent for revision
and approval to a panel of 12 experts in AMR surveillance from
all over the world and to the Patient and Public Involvement (PPI)
panel of COMBACTE-MAGNET.

The primary structure of the tool is centred on a straightfor-
ward query of ‘base country’ and ‘country of travel’ to output
in two separate user-specific sections: (a) decision support for
HCPs and (b) pre-travel educational indications for travellers.
Raw data from target knowledge sources were collected and
transformed into a stepwise decision aid to guide HCPs in con-
sidering the overall risk factors associated with travel, proportion
of resistance and colonization rates related to travel destina-
tions, and indications to screen patients. Qualitative data were
tabulated while quantitative data were charted on bar graphs,
sunburst plots or interactive matrices, and the main informa-
tion displayed by ARB type. The studies on AMR carriage are
graphically displayed using bar charts that underline the number
of travellers identified as carriers upon return from travel in
a specific country of destination. Surveillance data are shown
in two different visualizations: (a) sunburst plots displaying the
country-to-country differences in the proportion of AMR and (b)
interactive infographics that show matched country-to-country
AMR proportions using colour to represent the scale of the
difference. All the displayed graphics are freely downloadable
through the website.

Likewise for travellers, a series of practical recommendations
on how to minimize AMR acquisition during travel and ARB-
specific infographics were developed as freely downloadable,
printable and user-friendly flyers summarizing: pathogens, at-
risk populations, the level of risk, route of transmission and key
tips on how best to prevent infections during planned travel.

Results

AMR surveillance data availability worldwide

The mapping and review retrieved a total of 12 surveillance
systems and two international repositories reporting data on the
12 ABR targets. Data were extracted from: the COMBACTE-
MAGNET EPI-Net and CDDEP repositories, which include
several surveillance systems and sources; four international
surveillance systems, namely GLASS, EARS-Net, FWD-Net and
Euro-GASP; seven national surveillance systems, namely AGAR-
AURA (Australia), ANRESIS (Switzerland), CARA (Canada),
CARSS (Canada), ICMR (India), Ministry of Health New
Zealand (New Zealand) and SWEDRES (Sweden); and eight
surveillance studies.””'* Out of 436 papers screened, eight studies
met inclusion criteria. Overall, data for a total of 2.018.241
isolates from 86 countries were extracted. Publicly accessible
surveillance data on the ARB target are lacking in 111 countries.

Eleven surveillance systems/repositories (1.707.410 isolates,
84,6 % of the data retrieved) reported data for high-income coun-
tries (HIC), three (238.514 isolates, 11,8%) for upper middle-
income countries (UMIC), three (65.181 isolates, 3,2%) for
lower middle-income countries (LMIC) and two (7.136 isolates
0,4%) for low-income countries (LIC). The most comprehensive
surveillance systems in terms of ARB and countries monitored
were the ones from WHO (GLASS) and ECDC (EARS-Net). The
list of countries, surveyed bacteria and sources are detailed in
Supplementary Tables 3 and 5.

The most commonly surveyed bacterial phenotypes were
third-generation cephalosporin-resistant (3GCR) enterobac-
terales (3GCRE) and carbapenem-resistant enterobacterales
(CRE) (35,5 and 36,5% of the entire data collection of tested
isolates, respectively) followed by MRSA (12,9%) and CRAB
(1,9%). CRPA and VRE were monitored by four surveillance
systems/repositories with 2,5 and 2,0% of tested isolates, respec-
tively. FQR- and/or 3GCR N. gonorrhoea and FQR Salmonella
spp and Campylobacter spp were included in a limited number of
surveillance systems (five systems, 1,5% of tested isolates; four
systems, 1,6% of tested isolates; eight systems, 2,7% of tested
isolates and four systems, 2,8% of tested isolates, respectively).
The overall proportions of resistance, current gaps in data
reporting and availability, are shown in Figure 1.

Prevalence of carriage of antibiotic-resistant
bacteria in individuals returning from
international travel

The literature search retrieved 368 articles, which were assessed
for eligibility. Thirty-four studies were included and resistance
data extracted, accounting for data from overall 11.679 inter-
national travellers tested.”~** All the included studies were con-
ducted in HIC, mostly in Europe (29/34, 85%). Twenty-four
(71%) prospectively enrolled individuals before their departure.
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Figure 1. Proportion of antimicrobial resistance (AMR) worldwide, stratified by country and displayed by ARB type and specimen. In bold the
percentage of resistance is reported, in parenthesis is reported the year to which data refer. The number of tested isolates for each ARB target is shown
in Supplementary Table 3. On the right side (grey) the income-status of each country is displayed (HIC: high-income country, UMIC: upper medium-
income country, LMIC: lower medium-income country, LIC: low-income country). Warm-to-cool colour scheme corresponds to numerical data of
resistance rates for each ARB target, with warm colours representing high-value resistance data points and cool colours representing low-value data
points.
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Figure 2. Data on carriage of third generation cephalosporin-resistant Enterobacterales in international travellers returning from six world regions:
African Region (light blue), Eastern Mediterranean Region (yellow), European Region (purple), Region of the Americas (orange), South-East Asian
Region (green) and Western Pacific Region (blue). Total number of travellers reported visiting the world regions and the corresponding percentage
of antimicrobial-resistant bacteria upon return are displayed. The dimension of the pie charts corresponds to the sample site (number of travellers

tested).

The length of stay abroad was specified in 19 (56 %) studies and
reported as mean value of the study population.

Opverall, 30 studies (88%) assessed colonization risk for
3GCRE, eight (24%) for CRE, three for MRSA, two for VRE
and one for CRAB. The pre-travel colonization status was
reported in 17/24 (71%) of the prospective studies. Among
them, 3GCRE acquisition rate was 31,6% and CRE acquisition
rate was 0,7%. Figure 2 shows the overall colonization rate
of returning travellers with 3GCRE carriage for six different
world regions: African Region, Eastern Mediterranean Region,
European Region, Region of the Americas, South-East Asian
Region and Western Pacific Region.

Guidance documents on AMR screening in
returning travellers

The search retrieved 15 documents meeting the inclusion
criteria.”’~% Among them, four (27%) were published by three
main international agencies: WHO, ECDC and CDC, while
eleven documents (73%) were national or regional guidance
documents, all of which (with the exception of South Africa)
were from HIC. The indications were grouped by drug-resistant
bacteria species and presented as follows: (i) ‘who to consider
for screening’: recommendations provided for individuals
with/without hospitalization abroad (ii) ‘when to screen’:
recommendations specifying the screening timeframe and (iii)
‘what screening’ recommendations detailing screening sites
(Table 1).

Thirteen out of 15 documents provide indications on
screening activities in returning travellers for Gram-negative

resistant bacteria (Table 1). Specifically, indications for CRE
were described in 12 documents (80%), for CRAB and CRPA
in two documents (13%) and for 3GCE in three documents
(20%). Indications for screening for Gram-positive-resistant
bacteria were reported in five documents: three (27%) and two
(13%) documents on MRSA and VRE, respectively. No specific
screening recommendations related to returned travellers were
found for the remaining ARB target.

Seven documents suggested screening all returning travellers
from ‘high-risk’ countries: three documents further detailed
which countries, while four documents referred to ‘high endemic’
settings. None of these documents clearly explain resistance
rates, thresholds for empiric therapy, or definitions of ‘high-risk’
populations or ‘high endemic’ countries.

The most common criteria considered in the guidance
documents were hospitalization abroad, country of travel, and
time since hospitalization abroad. Eleven out of 15 (73%)
documents specify the ideal timeframes to screen travellers
that had been previously hospitalized abroad (Table 1). For
CRE, seven guidance documents recommend to screen patients
that were hospitalized abroad within the preceding 12 months.
Regarding MRSA, one document recommends to screen patients
within 6 months, and two documents recommend a timeframe
of 12 months from hospitalization abroad. For VRE, one
document indicates to screen individuals within 12 months from
hospitalization.

The majority of the documents (10/15, 67%), do not specify
whether and how often screening should be performed among
individuals with a history of international travel that were not
hospitalized during the trip.



Journal of Travel Medicine, 2022, Vol. 29, 4

(panunuo))
sqiuow 7| pavsia £13unod jo ssa[piedar ‘peoiqe pazijedsoy
[€3591 10 001§ UIYITA\ S[enPIATIPUL I0] PapUIWOI3T wﬁmﬁuvuum Pareisp I0N TIA
SIOIAIP SUI[[9MPUT JO SIS
1X9 ‘SUOISIOUI/SUOISI[/SPUNOM
uado ‘urois 10 unys [eaurrad pasia
/leueliad ¢(qems auo Yim SaTeu  SyuowW 7| A13Un02 jo ssa[paeSar ‘peoiqe pazijesdsoy
LuOr: SaIeu Jotruy UIYITA\ wﬁmﬂ—ufi—uﬁi .HOw 1uﬁﬁuEEOUvu wﬁﬂﬁuvuum payrelsp JON VSIN
Ppasia
£13un02 jo ssa[paeSar ‘peoiqe pazijesidsoy
QuLIn I0 J003Is «—NuUmm pa[relsp 10N S[ENPIATIPUTL I0] PIpUIWUIOIT MEMDUUHUW payrelsp 10N TIOE
HdD JO uorssiwisue) paiodar sey
eyl [eadsoy Aue ur pue (ueisnyed ‘ysopejSueq
‘exue 11§ ‘erpu] *3-9) JULUNUOIQNS UBIPU] ‘[9BIS]
(91D [BI1I1ID) SIS IIXD €929910) euET LIS ‘urlspieq ‘TedaN
‘(9xe2 TRONILId) UOINS ‘(A1) yI10x MIN] '3°9) UOIZAT PILOQEIS UIISE ‘SOAIPTRIA ‘BIpU] ‘UBINyg oueuQ (sOuv)
[eaydoenopus  syuow 7| A[reroadsa-ys ut s[esrdsoy ur a1ed pIaAIedal ‘ysape[Sueq o3 pa[jaAen) oym YIESH  SWSIUBSIO JUBISISAI-ONOIqIIUE 10§
‘punom ‘aurIm 1o [e31931 003§ urgIm OUM S[ENPIAIPUI 10] PIPUIWIWIOIAT FUIUIIING  S[ENPIAIPUT FUIUIIIOS JIPISUOD) D €107 EpEUED) JI[qnJ  JOUE[[IPAINS puE Junsd) ‘GuIuaaIdg
(VSN ‘ysape[Sueq ‘ueisnyeq VSN ‘ysope[Sueq ‘ueisnyeqd oureIu) AdD Sunioday 107 suonenSay
‘erpuy ur Ajrenonied) peoiqe pazijeiidsoy usaq ‘eIpuU] 03 PI[[9AEI] OyM yIesy MAN] *(FJD) de9dRIIANOBqOIIUT
[B3091 10 003G PI[IEIdAP JON aAey 3ey3 sjuaned 10§ PaIOPISUOD 9q 03 SUIUAAIOG  S[ENPIAIPUT SUIUAIIOS IIPISUO)) ™D 610C Epeue) iqng Suronpoid-asewsuadeqie)
Ppajrelop 10N pojreisp 10N papaau St gyoressar 1oyling JUUuHC&uH JION pa1relsp 10N VIO »m<mu SINIIOR] o918) 3jeay ur
pSOULSNADY SPUOUOPNIS ]
pue nuupunpqia1o0qoiauIdy;
nUNMUN:UHUNLOHmHEm
(SBATR JIWAPUD, Ul pazifeadsoy usaq JuelsisaI-wauadeqaed Jo [043U0d
Teuerrad ‘sqems [831091 s909€,] PI[IEIdP 0N aAey 3ey3 sjuaned 10J papudWWIOIT FUIUIIIOG PpajieIap J0N D £10T [BqO[D OHM  pue uonuaadid oyl 105 saurpppinn
[01IU0D) pue UONUIAIL]
9seasi(] 10§ a13ud) ueadoinyg oyl
paziuojod woij doueping :s3un3ds 21edYI eIy
9q 01 P3IAPISUOD 03UI 9BIDBLINIOBOIIIUY IULISISIT
10 spunom Surureap *3+3 ‘pa3dayur passia £13unod Jo ssa[piedas -wouadeqred Jo £13ud jo uonuadid
Nﬁu\iuuw JOYIIo ST yargm nuﬁw g0 sypuowr 7T »mﬁﬁuum Ied(3jeay e ur Ae1s uﬂwﬁﬂ:v\wc Jjo %uCuw:.— 91 10j S[O0] pue saInseawr
Aue ‘Terdariad 10 [B109Y uTyIA ® y3m Juaied Aue 10§ papUSIILIOdIT SUIUIIIOG Ppajresap 30N D 2107 2domg DDA [033u0d pue uonudAdId uondUL
MITAT DIBUWIAISAS UO PIseq
Jojsueny I9pIo(-ssoid uo mﬂwmﬁmgu
‘peoiqe sprem/s[eadsoy ul panIwpe usaq IAey YIIM SOII[IOB) UIIMID( Jojsuer)
[8309Y Pa[IeIdp 10N 1B} S[ENPIAIPUL 10J PIIIPISUOD 3q 03 FUIUIIIOG PpafieIap J0N TIOE $107 2domy >HADA ul -TgSH UO JUIWISSISSE ST
Jojsueqy I9p1o(-ssord
uo siseqduwd [e10ads yaim ‘sanijoey
91BO3[BIY U2IMIDq Fojsuesd Judned
“K31[108] 91ROYIRIY y3noays (44D) 28338119108 q0IIU]
® 03Ul SI9PI0q $S0IdE paiIdysue) Juaned Aue Suronpoid-asewduadeqied
[6399 P3[IEIp 0N 703 PAPUAWWOIT A]FU0NS IO 10§ SUIIIING Po[TEIdP 10N IO 1107 °domyg DADH Fo praids oy uo JuowIssasse sy
peoiqe pazijendsoy
sweypown peoiqe paziendsoy -uou S[ENpIAIPUI 10]
(2115) 2anpadoid Surusarg  Surudaidg syuaned J0J SUOEPUSUILIOdIT FUIUIIIOG SUOLIEPUIUIIOIT FUIUIIIOG uorgax
PR SUdYM oYM foym uagoyeg e /AnuUno) Aouady 3313 JUDWNDOP duepIns)

Pa198||09 UOIBWIOUI UleW Y} 4O AIBLUWINS PUB MBIASI Y} Ul Ppapn[oul Sjuswnoop aoduepinb G| ayi 4o 1si7 'L a|qeL



Journal of Travel Medicine, 2022, Vol. 29, 4

SILIIUNOD UBJLIJY-UOU Ul OS[e

JeadenIdeqoIatuy Sunnpoid
-asewauadeqIed Jo UondIIp
£103BI10qR] PUE SUIUIIIDS AY3 10§

syjuowr 71-9—¢ Inq 9uauUnUOd UedLIFY Y3 uo A[renonted ‘preoiqe eIy saurjopm$ Sunjiom pue JuIWIEIS
[003§ Uz paziferdsoy Jusnied Aue 01 papULUIIOIAT ST FUTUIIIOG pa[Ie3dp jou D 10T yinog IAHJ  Snsuasuod :HM-TD INDSVS 24l ST
VSIN Jo
sa3e1 y3ry yam sudjqoxd d1y1oads
u:umhuh& ST Huu—vr—umu ﬁNCuh—m ﬁwum&mCJ eur U>N£ (o2} —uuNuﬁmOUUu %H:.:JOU B ur sem A/.\mwwzv
ATeULIN © JT QULIN PUE UDS U2XYOI] JO SeaTe  syauow ¢  Juaned-ur ue uaaq aaey oym syuaned 1o peoiqe [eaidsoy e aoejdyiom Jord usym papuswuroddr Snanp sn22020](¢dp1g NULISISIT
‘yeoly3 ‘uroid/wnoutiad 9sou woIy sqems [LERIYNY woIj patidjsues) syuaned 10§ PIPUIWWOIAT ST FUIUIIING st 3uruaa1ds Juswiordwa-a1g VSUN +10T pueaIg DSJH  -UI[[IDIYIdW [O1IUOD PUE UOIIUIAL]  §T
s3umos
9INDE YSII00G UT 9BIIBLIAIOLJOTNUY
Suronpoid-asewauadeqed
syjuow 7| PuB[I09S IPISINO (puepoas) JO [07IU0D puE JudwIFeURW
T:;m Io ﬁmuuom E—Jﬁ\X/ —UMN:Nt&mCH— mﬁ{_vmumﬁ HCM TO—UEOEECUMH ST wﬂiﬁuvhuw ﬂuudmﬁu—u JON 14D 910T N SdH :{—Oﬂ—uvuM—U \ﬁhmo OJH qu tv:COr—l (a8
peoiqe [eydsoy S9[BI230BQOINUY
syjuow 7| WO1j J12JSUBII JOIIIP JO ISED UI JO SEISIIAO UOISSIWIPE Sunnpoid-ssewouadeqres
€30y uryITA [e31dsoy JO ISED UI PIPUIWWOIAT ST FJO) T0F JUIUIIG Ppajredp 10N ™D 020¢C UIeIuod 03 SUOIDE JO JIOMIWEI] 7T
payisia Anunod jo ssa[pregar
uolssIpe uo sjuaned 10§ Os[e PaIAPISUOd 3q 03 JUIUIIIIG
*(uopuoT 491saYdUBIA A[[e199dsd 3S9M YIION]) PAIOU U] dABY
swdjqoId 219yM seaTR/SUOIZAT Y PUE ‘yS ‘UBMIE], Koy,
‘EOLIDWY [BIIUDD/YINOG ‘BISY ISEY YINOG ‘UeISD{R] ‘Isey
S[PPIAN ‘BIEIN ‘BoL3y YaioN ‘uede[ Aeif ‘[oris ‘puefai] qdD jo
syqiuow ¢ ‘eIpu] 939910) ‘snad4) ‘euryn) ‘sued[eq oy1 ‘ysope[dueq ur (puerSuy) JOTIUOD PUE JUIWIFLUBW UONIIIP
0038 10 [8309Y Uz Paz11e31dsot] S[ENPIAIPUT TOJ PIPUIWIOIAT ST FUTUIIIOG Pa[TeIap J0N D €10T N IHd A[TB3 9U1 10J I[[00I ISNI MDY [T
(YD) 2eadeLIIORqOIIUY
SBAIE JIWIPUD, Ul Juessisar-wuadeqied
—quvhnmuom Io ﬁmuuou »—CCum —UOZNHM—U JON 10Nm—wumﬁmm0£ mﬁwﬂ—um\,m—uﬁm qu ﬂuﬂ:uEECUOH wﬁuﬁum\auw ﬂuudmﬁu—u JON 14D S10T vsn joleie] wC —C‘:ECU HCw Muﬂm—umﬂo %um:una 01
sajeaidse
[BaYoE] IO SUOIIAINIS L103e1dsar pue salIs Pa3Isia £13Unod jo ssa[pIesal ‘proiqe
£wo3so ‘spunom ‘urorg ‘Jeueriad 10 (€309 PI[ILIAP JON Ppazi[eardsoy S[enpIAIpUI 0] PIPUSWIOIAT FUTUIIING Pa[reIap 30N TIA
SIIBUOAU [[B UT SNON[IqUIN YBIIq UD[S 19710
pue fwoisoayoen ‘wnauliad/uroid ‘saiis
Awo3so ‘auLin ‘s1939Y3e JO SIS ‘Spunom Pa3IsIA £13UNOD PUE SILI[IDB] JILIYI[EIY JO
mwumwhdw —NWCUEE umﬂ\—uc —U:N —Mmmz —uvdﬁuv—u JON mwu:vhwwou amﬁwﬂﬁ_\,:u:_ qu —UOMVEMEECUOH mﬂiﬁmvhuw ﬂuudmﬁu—u JON VSIN
Juage snondayul
ay3 uo Surpuadap sajeaidse [eayoeny Lprwapud
10 SUO132109s £103e11dsaT pue 9318 AWOISO Y31y Jo seaTe 01 Pa[[aALI) OYM
‘spunom ‘uro1g ‘Jeseu ‘[eueriad 10 [e309Yy  PI[IEIDP JON S[ENPIAIPUT UIUAAIOS JDPISUOD)  VIYD ‘AVD
Juage snondayul
a3 uo urpuadap sajeaidse [eayoens 10 Pa3Isia £13Unod jo ssapIresar ALprwapud
SUO0I1321398 %hcum\:&muh —U:N SIS .AECumC —uuhu—ummECu M@ 01 :C_mmmE—uN uo w:m:vvuum " Seare UMEO—UEOV JM:— wC seare 01 —Uu——v.\/mH— Qﬂg
‘spunom ‘uro1g ‘feseu ‘feueriad 10 [e309Yy  Pa[IeILP ION ur pazi[eardsoy s[enpIAIpUI J10J PIPUSUIWOIAT FUTUIIIIG S[ENPIAIPUT SUTUA2IDS JOPISUOD) TIDE
sureIp 10 saqni Lprwapud aredyI[Eay Ul
Aue woig sajemdse ‘spunom ‘syuoned  sypuow g Pausia £13Unod jo ssdpIresdas ‘proiqe Y31y Jo seaTe 01 Pa[[aALI) OYM U01JUI JO [013UO0D pue uonudAdId
PaSLIa1YILD WOIJ JULIN 10 SIOILJ 810N Uz pazierdsoy S[ENpIAIPUT JOJ PIPUIWIOT FUTUIIIG S[ENPIAIPUT UTUAIDS JIPISUOD) D 610T DIINHN oy3 10§ saurpoping uerensny ¢
areD)
s[e31dSOY SBISIIA0 UI PIYIOM IABY OYM JjeIS 10J PIIIPISUOD ey ut &fend) SINIIOL] YI[BIY JIBD 2INDE 10§
9q 03 Suruaa1ds {[e3IdsOY SEISIIAO Uk UT A[JUIIIT UIIq pue £19785  9pmS Y *(FJD) 2EILIINOBQOINUF
SYIUOW 7T 9ABY oYM IO ‘[e3idSOY SeasIono Ue WoIj pairajsuest A[10211p UO UOISSTWO)) Sunpoid-ssewauadeqes jo
$9098J ‘sqeMS [B10Y UIYIA U99q 9ARY OYM S[ENPIAIPUI 10} PIPUIWILIOIDI ST FUIUIIIDG POPUALITOIAT 10U ST FUIUIAIIG D £10T ElENSNY  UBIBISDY dY],  [0JIUOD 9y} 1O SUOHEPUIWIWOINY  §
(9180 IN0Y-47
ur suaznd pue sjudned pazijeidsoy syiuow 9 pasia A13UN0D Jo ssa[pIedal ‘proiqe Aoy yaresy uonIpg pIg ‘VSYN jo peards
10§) wnautiad ¢(S[ISUOI) 120IYI ‘TEseN U Ppazi[eardsoy s[enpIAIpul 10] PIpPULWIUIOIDT FUTUIIOG Ppa[reIap 10N VSIN 9107 rewudqg ystue(q a3 Sunuaaaxd uo duepmn 4
peoiqe pazijendsoy
swrepwn peoiqe paziendsoy -uou S[enpIAIpuUI 10§
(9318) 9anpadoid Suruaardg  Jurudang syuoned 10 SUOHEPUIWWIOdIT SUTUIIIOG SUONEPUSWILIOdIT FUIUIIING uorgax
S1eYM SUAYM YN oYM udorpeg Iedx /Anuno) Aouady 3313 JUSWNDOP duEpInL)

(penounuo)) °L sjqeL



Journal of Travel Medicine, 2022, Vol. 29, 4

All guidance documents mention the recommended sampling
procedure and underline the fact that, in parallel to the targeted
screening activities, adherence to universal IPC measures reduces
the potential for horizontal transmission. Table 1 summarizes the
information collected from the included guidance documents.

Tool design

After approval from both the panels involved, the tool was
made available for free consultation in January 2021 (https://e
pi-net.eu/travel-tool/overview/). Its structure is characterized by
two main parts, one dedicated to the HCPs and the other to
international travellers. A flow chart on how the consultation
tool can be assessed by HCPs in daily practice is shown in
Figure 3, and two hypothetical scenarios for application are
presented in Figure 4a and b. In detail, the HCPs-dedicated part
is structured in five different sections:

i) general factors, tabulated as list of factors to be assessed in
order to rapidly drive users through the main AMR-related
risk factors when dealing with a patient recently returned
from international travel (Supplementary Figure 1);

ii) proportion of ARB in clinical isolates, shown in two dif-
ferent visualizations: a) sunbursts displaying the country-
to-country differences in AMR rate by ARB type, and a
series of interactive matrices (one for each ARB) showing
the ‘match’ between home countries and countries of des-
tination in terms of AMR rate difference, with the colour
in each cell displaying the scale of this difference. The
two types of visualizations can support clinical decisions
on starting the appropriate empiric therapy or implement-
ing screening strategies and/or infection control measures
(Supplementary Figures 2 and 3);

iii) prevalence of carriage in returning travellers, charted on
bar graphs and displayed by ARB type that can further
support healthcare providers’ decisions (Supplementary
Figures 4 and 5);

iv) guidance documents on screening, including interna-
tional, national and regional, for which the availability
and main information are displayed by ARB type
(Supplementary Figures 6 and 7).

The travellers section is organized to provide information on
AMR and tips that can help to avoid potential ARB coloniza-
tion/infection during travel.

Discussion

The risk for AMR acquisition in travellers is multi-faceted and
should take into account a range of factors including epidemio-
logical data (e.g. resistance rates of destination country) as well
as individual-level features, such as the type of travel and the
planned length of stay. From a clinical perspective, an assessment
of the AMR risk by HCPs represents an important part of the
diagnostic evaluation of a patient with history of travel who
requires hospital admission. However, specific risk-based guide-
lines are not available, and a thorough assessment of available
sources, to estimate the risk is time-consuming and not feasible
in current daily practice for each patient. Through a multi-
step literature review and surveillance data on 12 ARB listed

as critical and high tiers in the WHO PPL, we have developed
an evidence-based consultation tool targeting both HCPs and
the general public. The primary objective of this tool is to
prevent ARB acquisition and spread and to support HCPs when
clinically assessing international travellers. To our knowledge,
this is the first educational and consultation tool dedicated to
the risk assessment for ARB acquisition among international
travellers that can facilitate HCPs’ sequential evaluation of AMR
risk factors, prevalence of ARB carriage, proportion of AMR
and recommendations for appropriate screening. In the clinical
context, the AMR travel tool represents a valid support for
HCPs in driving proper IPC strategies (e.g. should I screen the
patient for ARB colonization? Should I isolate the patient?) and
appropriate empiric antibiotic treatment (e.g. should the initial
antibiotic therapy cover ARB?).

From the traveller perspective, preventing colonization
through active advice from HCPs has been suggested as a possible
approach to limit travel-related spread.®* The AMR travel tool
is also designed, to provide information and advice directly to
the traveller on prevention measures that can be adopted to limit
travel-related AMR acquisition.

The tool delivers an easy-to-access and comprehensive
overview of: (i) AMR surveillance data from 86 countries
(44% of the 197 countries worldwide); (ii) recommendations on
screening for ARB compiled from major public health agencies
(n=15 documents); (iii) ARB carriage data from returning
international travellers across all continents (7 = 34 studies) and
(iv) information on AMR for the public.

The included studies on ARB carriage are a valuable source
of information that can complement data from surveillance
systems, further define AMR prevalence in both healthcare and
community settings and support strategies to reduce AMR acqui-
sition risks during travel. Consistently with previously reported
data for antibiotic-resistant Enterobacteriaceae® and consider-
ing only the studies in which individuals were confirmed to not
be colonized before travelling, the acquisition rate associated
with travel reported for 3GCE was 31,6 and 0,6% for CRE.
There are a number of limitations that were identified during our
literature revision. Most of the published data on ARB carriage
were aggregated by world regions or continents, and were not
available for country-level stratification. Therefore, we could
only group AMR data at country level for 17 studies (50% of the
included publications), and provide by-country visualization on
the tool. Additionally, the majority of the included studies did not
report length of travel (16/34, 47%) or hospitalization abroad
(27/34,79%). Determining whether a returned traveller had been
hospitalized abroad is an important factor to be evaluated in
returning travellers and this information should be included in
the epidemiological studies focused on ARB acquisition.

Although it is clear that international travel contributes to

L5 current evidence does

the spread of AMR across countries,
not provide detailed recommendations for individuals returning
to their home country. The majority of the included guidance
documents recommend to screen all returned travellers who had
a hospital admission whilst abroad, irrespective of the country
visited or the length of time spent abroad. Evidence suggests
that universal screening of returned travellers with a prior hos-
pitalization may not be the most cost-effective®® and feasible

approach.


https://epi-net.eu/travel-tool/overview/
https://epi-net.eu/travel-tool/overview/
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
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https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
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Transfer patient from
hospital abroad
with healthcare needs

Shows infection

Individual returning
from travel with
healthcare needs

symptoms?

/

Check general AMR risk factors
Evaluate AMR-related risk factors associated with travel

Check prevalence of carriage in returning travellers
Consider the prevalence of carriage in travellers upon return from
international travel \1,

Check Guidance documents on screening

Consult the most relevant regional, national and international
guidance documents available on Infection Prevention and Control
(IPC) measures (with focus on screening activities) to be adopted in
returning travellers

Check proportion of resistance
Consider the proportion of AMR (in invasive isolates) in the
country from which patient is returning or being transferred from

v

Check EPI-Net graphical tool
Consider the difference in antimicrobial resistance % between the
base country and the country of travel in your clinical decision
process to choose empirical therapy

Check general AMR risk factors
Evaluate AMR-related risk factors associated with travel

Check prevalence of carriage in returning travellers
Consider the prevalence of carriage in travellers upon return from

international travel

Check Guidance documents on screening

Consult the most relevant regional, national and international
guidance documents available on Infection Prevention and Control
(IPC) measures (with focus on screening activities) to be adopted
in returning travellers

Combine the inferences from the evidence presented by
EPI-Net AMR travel tool and apply the prudent measures to
handle your patient and minimise the spread of AMR

Figure 3. The flow chart presents how the different sections of the online tool can be used by health care professionals.

Despite the limited number of available guidance documents
and studies focused on carriage in returning travellers (partic-
ularly for LMIC/LIC), collected evidence was used to develop
a consultation webtool characterized by a series of interactive
visualizations.

The interactive visualizations targeting the HCPs originate
from surveillance data on AMR that are still fragmentary. In
fact, a major limitation of the tool is the absence of AMR
data from many countries. Only for 44% of the world coun-
tries, we were able to find surveillance data and for some of
them, the number of tested isolates was less than one hundred
(Supplementary Table 3). Therefore, the data provided should be
interpreted with caution and as a means to accessing additional
information or as educational material for teaching and in the
process of clinical decision. However, current and future efforts
in AMR surveillance at global level will allow to evaluate out-
comes of the tool and confirm its intended benefit. The data
collected were also used to frame recommendations on AMR
for the general public, displayed in the international travellers-
dedicated section of the tool. The information provided includes
pre-travel recommendations as follows: (i) general advice (e.g.
‘only use antibiotics when prescribed by a certified healthcare

professional” and ‘never share or use leftover antibiotics, com-
plete the full treatment course’) and (ii) ARB-specific informa-
tion such as pathogen description, acquisition risks, route of
transmission and tips to prevent infections that are presented in
downloadable sections and infographics. A practical example is
shown in Supplementary Figure 8.

All the different sections of the tool have been submitted to,
revised and approved by a panel of experts on AMR surveillance
and by members of the PPI panel of COMBACTE-MAGNET,
and made available online. The information provided by the
tool will be updated annually to continuously improve their
performance and reliability. Ecraid (www.ecraid.eu), as the suc-
cessor of the COMBACTE project, offers an avenue to the future
sustainability of the AMR travel tool.

Conclusions

Our work highlights the value of consolidated AMR surveillance
data and of infection prevention and control guidelines to con-
tain the spread of ARB through international travel. Additionally,
it shows how such data, combined with indications on screening
and reinforced by epidemiological information on carriage of


https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac045#supplementary-data
www.ecraid.eu
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B - Scenario 2

A 26-year old woman has returned to her home country (Austria) from a humanitarian experience in a refugee camp in
Africa (Ethiopia), where she lived for 4 months. One week after returning she accessed the Emergency Department, where
a diagnosis of acute cholecystitis was made, which required surgery within 72 hours. During her stay in the surgery ward,
the physician has to answer the following questions:

* Should I screen (rectal swab) the patient?

* Should I adopt specific IPC measures before surgery (e.g
preemptive isolation of the patient)?

Evaluate AMR-related risk faffefs associated with her —» During her trip, she lived constantly in contact with vulnerable
specific travel using the section “Check general AMR risk  people, and she had sporadic contacts with the local
factors” healthcare system and providers

Consider the proportion of resistance in the country from
which she is returning from compared to the base country —* Ethiopia: 31,4% resistance for invasive CRKP isolates, no
using the sections “Check proportion of resistance” or AMR data available for 3GCRKP and VRE

“Check EPI-Net graphical tool” for empiric therapy and ~ Austria: 2,1% resistance for invasive VRE isolates, 8,4%
screening measures resistance for 3GCRKP isolates, 1,0% resistance for CRKP

Consider the proportion of carriage in returned travellers — Limited data available on colonization of ARB in returned
using the section “Check prevalence of carriage in travellers
returning travellers»

Consult the most relevant guidance documents available »The risk assessments for Carbapenemase-producing

" sivities to b d d i turni Enterobacteriaceae (CPE) and ESBL-producing
for screetzmg ai”{'_fles 3 € a‘opre i .re f,m”"g Enterobacteriaceae (ESBLE-PE) from ECDC published in 2011
travellers “Check G €,00¢ sonscr 9 and 2014 respectively, suggest to consider screening patients

only if admitted in hospitals/wards abroad.

A - Scenario 1

A Danish 45-year old man has recently returned from a journey to Vietnam, and presented to the Emergency
Department in Denmark with a facial abscess. The patient was admitted to a hospital ward and the physician has to
answer the following questions:

Should I screen (nasal swab) the patient?
Should the patient be preemptively isolated until the result of the nasal swab?
Should I start an empiric antibiotic treatment covering MRSA?

9

Evaluate AMR-related risk factors associated with his ~* During his one-month trip he visited family and friends,
specific travel using the section “Check general AMR risk sharing house spaces such as bathroom and towels

factors”

Consider the proportion of resistance in the country from _,  vjetnam: 73.0% resistance for invasive MRSA isolates

which he is returning, compared to the base country using
the sections “Check proportion of resistance” or “Check
EPI-Net graphical tool” for empiric therapy and screening

Denmark: 1.7% resistance for invasive MRSA isolates

measures
Consider the proportion of carriage in returned travellers ~> Data not available for MRSA colonization in returned
using the section “Check prevalence of carriage in travellers

returning travellers»

» Recommendations for MRSA available from a National

. - . ; guidance document published in 2016 by the Danish Health

for screening activities to be adopted in returning Authority, indicating to screen for MRSA individuals who have

travellers “Check Guidance documents on screening” been abroad in the past 6 months and display signs and
symptoms of staphylococcal infection, especially if the person
has shared equipment.

Consult the most relevant guidance documents available

Figure 4. Hypothetical scenario 1 (4a) and hypothetical scenario 2 (4b) on how the tool can practically be used by healthcare professionals.

ARB in returning travellers, can be used to create a framework
that supports clinical practice and the delivery of preventive
messages to the public at large. All these aspects are crucial
to fight the silent pandemic of AMR and its spread across
countries. The AMR travel tool represents the first evidence-
based tool driven by publicly available surveillance data and

individual-level data that supports decision-making processes of
HCPs treating returned travellers. The AMR travel tool is easy-
to-use, periodically updated and freely accessible on https://epi-
net.eu/travel-tool/overview/. The tool can prospectively have an
impact at three different levels: (i) strengthening the implemen-
tation of optimized IPC measures in hospital and community


https://epi-net.eu/travel-tool/overview/
https://epi-net.eu/travel-tool/overview/
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settings when an international traveller is admitted to hospital
or examined by a general practitioner; (ii) increasing knowledge
of global AMR epidemiological data and making knowledge
available for decision-making on personalized antibiotic thera-
pies, screening activities and guidelines development; (iii) raising
awareness on the travel-related risks associated with AMR, and
the importance of limiting the spread of AMR whilst preserving
antibiotics for future generations. These considerations may
prove even more pressing in light of a future scenario of the
upcoming ‘post-COVID era’, when international travel will be
restored.

Meeting at which the paper has been presented

European Congress of Clinical Microbiology and Infectious Dis-
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