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Antimicrobial resistance among migrants in Europe:
a systematic review and meta-analysis

Laura B Nellums*, Hayley Thompson*, Alison Holmes, Enrique Castro-Sdnchez, Jonathan A Otter, Marie Norredam, Jon S Friedland,
Sally Hargreaves

Summary

Background Rates of antimicrobial resistance (AMR) are rising globally and there is concern that increased migration
is contributing to the burden of antibiotic resistance in Europe. However, the effect of migration on the burden of
AMR in Europe has not yet been comprehensively examined. Therefore, we did a systematic review and meta-analysis
to identify and synthesise data for AMR carriage or infection in migrants to Europe to examine differences in patterns
of AMR across migrant groups and in different settings.

Methods For this systematic review and meta-analysis, we searched MEDLINE, Embase, PubMed, and Scopus with
no language restrictions from Jan 1, 2000, to Jan 18, 2017, for primary data from observational studies reporting
antibacterial resistance in common bacterial pathogens among migrants to 21 European Union-15 and European
Economic Area countries. To be eligible for inclusion, studies had to report data on carriage or infection with
laboratory-confirmed antibiotic-resistant organisms in migrant populations. We extracted data from eligible studies
and assessed quality using piloted, standardised forms. We did not examine drug resistance in tuberculosis and
excluded articles solely reporting on this parameter. We also excluded articles in which migrant status was determined
by ethnicity, country of birth of participants’ parents, or was not defined, and articles in which data were not
disaggregated by migrant status. Outcomes were carriage of or infection with antibiotic-resistant organisms. We used
random-effects models to calculate the pooled prevalence of each outcome. The study protocol is registered with
PROSPERO, number CRD42016043681.

Findings We identified 2274 articles, of which 23 observational studies reporting on antibiotic resistance in 2319 migrants
were included. The pooled prevalence of any AMR carriage or AMR infection in migrants was 25-4% (95% CI
19-1-31-8; 2=98%), including meticillin-resistant Staphylococcus aureus (7-8%, 4-8-10-7; 2=92%) and antibiotic-
resistant Gram-negative bacteria (27-2%, 17-6-36-8; 2=94%). The pooled prevalence of any AMR carriage or infection
was higher in refugees and asylum seekers (33-0%, 18 -3—47 - 6; 2=98%) than in other migrant groups (6-6%, 1-8-11-3;
I2=92%). The pooled prevalence of antibiotic-resistant organisms was slightly higher in high-migrant community
settings (33-1%, 11-1-55-1; 2=96%) than in migrants in hospitals (24-3%, 16-1-32-6; 2=98%). We did not find
evidence of high rates of transmission of AMR from migrant to host populations.

Interpretation Migrants are exposed to conditions favouring the emergence of drug resistance during transit and in
host countries in Europe. Increased antibiotic resistance among refugees and asylum seekers and in high-migrant
community settings (such as refugee camps and detention facilities) highlights the need for improved living
conditions, access to health care, and initiatives to facilitate detection of and appropriate high-quality treatment for
antibiotic-resistant infections during transit and in host countries. Protocols for the prevention and control of
infection and for antibiotic surveillance need to be integrated in all aspects of health care, which should be accessible
for all migrant groups, and should target determinants of AMR before, during, and after migration.

Funding UK National Institute for Health Research Imperial Biomedical Research Centre, Imperial College Healthcare
Charity, the Wellcome Trust, and UK National Institute for Health Research Health Protection Research Unit in
Healthcare-associated Infections and Antimictobial Resistance at Imperial College London.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Antimicrobial resistance (AMR) is increasing worldwide,
presenting substantial challenges to the prevention and
treatment of common bacterial infections."” This
resistance results in worse and more costly health
outcomes® and an increased risk of morbidity and
mortality.”” In Europe, resistance has been reported for

every major class of antibiotic in both community
and health-care settings.® Various factors might be
contributing toward onward transmission of resistance,
including travel, migration, and socioeconomic factors.”*

In Europe, combined resistance to fluoroquinolones,
third-generation cephalosporins, and aminoglycosides
increased between 2011 and 2014 in isolates for
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Research in context

Evidence before this study

Rates of antimicrobial resistance (AMR) are rising in Europe,
and there is concern that increased migration, especially among
refugees and asylum seekers, might be contributing to the
burden of antibiotic resistance. Following PRISMA guidelines,
we searched MEDLINE, Embase, PubMed, and Scopus, using
terms pertaining to migration, antibiotic resistance, common
bacterial infections, and European Union (EU)-15 and European
Economic Area (EEA) countries, for articles published between
Jan1,2000, and Jan 18, 2017. Search terms are given in the
appendix. Articles reporting primary research on antibiotic
resistance in key common bacteria in migrants were included
with no language restrictions. There is insufficient evidence
regarding patterns of AMR in migrants to Europe. As a result,
the size of the burden of AMR is in these populations, or where
drug-resistant organisms are acquired, remain unknown.
Infection prevention and control responses require a robust and
comprehensive understanding of the scientific literature, and
therefore systematic reviews and meta-analyses are needed in
this area to develop robust evidence-based strategies to
counter AMR. We did this systematic review and meta-analysis
to identify and synthesise data on antibiotic resistance carriage
or infection in migrants to countries in the EU, EEA, and
Switzerland to examine differences in patterns of AMR across
migrant groups and in high-migrant community settings.

Added value of this study

The relationship between AMR and migration to Europe has
not previously been systematically examined. Given that
migration and antibiotic resistance are increasing in Europe,

Gram-negative bacteria, including Klebsiella pneumoniae
(from 16-7% to 19-6%) and Escherichia coli (from 3-8% to
4.8%).° In England, bloodstream infections caused by
E coli resistant to the most frequently used antibiotics for
sepsis (eg, piperacillin-tazobactam) increased from 8-5%
to 11-7% between 2011 and 2015; resistant K pneumoniae
increased from 12-6% to 18-5% in the same period."
These changes will result in an increased reliance on
carbapenems, which are considered as antibiotics of last
resort, and there are concerns about rising rates of
carbapenem-resistant bacteria worldwide. Although the
prevalence of meticillin-resistant Staphylococcus aureus
(MRSA) in tested isolates decreased slightly in Europe
during this period (from 18-6% to 17-4%), it remains
high in some parts of Europe and worldwide. For
example, the prevalence of MRSA is 0-3-60% in Europe,
12-89% in Africa, and 10-53% in eastern Mediterranean
countries, from which many migrants to Europe
originate.®

More than 30 million European Union (EU) residents
are born outside the EU,” and more than 2 million
migrants have entered Europe since 2015 during the
recent refugee crisis.® Whether migrants—and refugees
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robust evidence is needed to inform policy and practice to
improve the prevention, detection, and treatment of AMR.
This systematic review and meta-analysis examines data on
antibiotic resistance among 2319 migrants to EU-15 and EEA
countries reported in 23 articles. Our findings show that the
pooled prevalence of any antibiotic resistance carriage or
infection was increased in refugees and asylum seekers
compared with other migrants, and in high-migrant
community settings rather than in hospitals. There was also
evidence that antibiotic-resistant organisms are being acquired
during and following migration, with little evidence of onward
transmission to host populations.

Implications of all the available evidence
Migrants—refugees and asylum seekers in particular—are
exposed to conditions (eg, overcrowding, poor sanitation, and
poor access to health services) in transit and host countries in
Europe that favour the emergence of AMR. The evidence
suggests that migrants acquire drug-resistant bacteria in
high-migrant community settings, such as refugee camps,
transit centres, or detention facilities in host countries, with
little evidence that there is substantial onward transmission to
local European host populations. These findings highlight that
migrant communities are vulnerable to exposure to AMR in
Europe and that initiatives aiming for improved prevention,
detection, and treatment of antibiotic-resistant infections in
high-migrant community settings, supported by better social
conditions and access to health services, are urgently needed
for these migrant communities.

and asylum seekers in particular—have high rates of
AMR carriage or infection, or where bacterial resistance
could be acquired, remains unknown. Some migrant
groups might have an increased risk of antibiotic
resistance because of poor sanitation or overcrowded
living conditions, barriers to accessing health services, or
disruptions in treatment during migration and on arrival
in host countries.” Additionally, high prevalence rates of
AMR in countries of origin or transit associated with
insufficient health infrastructure, antibiotic stewardship,
infection prevention and control, vaccine coverage, or
surveillance—particularly in the context of conflict—
could increase the risk of bacterial resistance, as could
return travel to their countries of origin and contact with
health services in these settings.”®" Alternatively, the risk
of antibiotic resistance in migrant communities might be
lower than it is in locally born populations in Europe
because of reduced access and exposure to antibiotics or
health-care facilities. Thus, rather than importing
antibiotic resistance, migrants could instead be vulnerable
to exposure to AMR pathogens in host countries.

The absence of data on AMR carriage or infection in
migrants to Europe might be partly attributable to
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insufficient surveillance in migrants’ countries of origin
and within migrant populations in host countries.® For
example, 70% of migrants arriving in Europe during the
recent refugee crisis originated from Afghanistan,
Eritrea, Iraq, Nigeria, and Syria. Surveillance data for
priority antibiotic-resistant organisms in these countries
are unavailable, athough incidence is high in neigh-
bouring countries for which data are available.” For
example, for E coli, reported resistance to third-generation
cephalosporins is 19-33% in Lebanon, 23-31% in Jordan,
and 10-94% in Pakistan.® Data on AMR carriage or
infection are also insufficient because of variations in
approaches to surveillance and screening across
EU countries, which are mostly done in secondary and
tertiary health-care settings (eg, hospitals) rather than in
community settings, such as primary care. This approach
further restricts the availability of data about AMR in
migrant populations in view of the barriers they
experience in accessing health services” and fails to
capture risk factors favouring the emergence of drug
resistance in settings like refugee camps, transit centres,
or detention facilities.”** Consequently, the epidemiology
of AMR in migants, and extent to which high rates of
migration might contribute to the burden of antibiotic
resistance in Europe, remain unclear."”* Although
infection prevention and control strategies rely on
published scientific literature, to our knowledge, peer-
reviewed primary research reporting AMR in migrant
populations has not been comprehensively examined.
Systematic reviews and meta-analyses are essential for
transparently and systematically summarising available
evidence,”* and are needed in this field to develop robust
and evidence-based responses in policy and practice.

The aim of this systematic review and meta-analysis
was to identify and synthesise data on AMR, including
carriage of or infection with antibiotic-resistant
organisms, in migrants to countries in the EU, European
Economic Area (EEA), and Switzerland to examine
differences in patterns of antibiotic resistance across
migrant groups, such as refugees and asylum seekers,
and in high-migrant community settings, such as
refugee camps and hospitals.

Methods

Search strategy and selection criteria

For this systematic review and meta-analysis, we did a
literature search to identify peerreviewed articles
reporting primary research from observational studies in
EU-15 and EEA countries and Switzerland to capture
21st Century patterns of migration and antibiotic-resistant
organisms. The study conforms to the Preferred
Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) guidelines.”

Two reviewers (LBN and HT) searched MEDLINE,
Embase, PubMed, and Scopus for peer-reviewed articles
reporting primary research from observational studies
done between Jan 1, 2000, and Jan 18, 2017 We used a

Boolean search strategy with search terms pertaining to
migration, antibiotic resistance, the common bacterial
infections of interest, EU-15 and EEA countries, and the
appropriate MeSH headings for each database. Search
terms were identified from relevant research, systematic
reviews, reports, experts in migrant health and AMR, and
the 2014 WHO report on the surveillance of antimicrobial
resistance.**” A detailed summary of all search terms is
provided in the appendix.

To be eligible for inclusion, articles had to report carriage
or infection with laboratory-confirmed antibiotic-resistant
organisms in migrants. In our analysis, AMR carriage or
infection includes MRSA and Gram-negative bacteria,
including extended-spectrum  f-lactamase  (ESBL)-
producing bacteria or multidrug-resistant bacteria, with
combined resistance defined as resistance to three or
more antimicrobial groups. Migrants were defined as
individuals born outside the country in which the study
was conducted, including refugees, asylum seekers, and
other migrant groups. An individual was categorised as a
refugee or asylum seeker where these terms were used to
classify them in the relevant article. Refugees and asylum
seekers were defined as individuals who have been
granted asylum or are seeking or have previously sought
asylum under the 1951 UN Convention on the Status of
Refugees. Other migrants were all other foreign-born
individuals who were not categorised as refugees or
asylum seekers. Other reasons for migration included
family, work, or education.

This systematic review and meta-analysis focuses on
antibiotic resistance in common bacterial pathogens® and
the evidence gap around its magnitude in migrant
populations. We did not examine drug resistance in
tuberculosis and excluded articles solely reporting on this
factor. We also excluded articles in which migrant status
was determined by ethnicity, country of birth of
participants’ parents, or was not defined, and articles in
which data were not disaggregated or reported by migrant
status. Comments, editorials, reviews, letters, case
reports, and duplicate studies were also excluded. No
language restrictions were placed on the searches or
search results. Non-English articles were included and
translated before full-text screening.

Two reviewers (LBN and HT) manually screened the
bibliographies of included articles to identify additional
eligible studies. In cases where articles could not be
accessed, authors were contacted to retrieve the full texts.
Title and abstract screening, full text screening, data
extraction, and quality assessment were also done
independently by LBN and HT. Any discrepancies were
discussed until a consensus was reached. EndNote X7 and
Rayyan programmes were used for screening. Piloted
forms were used for data extraction and quality
assessment. Summary data were extracted on study
design, country, screening setting, recruitment,
population, sample size, sample demographics, period of
study, and reported AMR carriage or infection. The quality
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assessment form comprised relevant components of
validated quality assessment and risk of bias frameworks
including the Critical Appraisal Skills Programme tools,
GRADE,* the Newcastle-Ottawa Scale,” and the Cochrane
Effective Practice and Organisation of Care Group.*
Articles were given a quality score percentage to reflect
methodological rigour (for relevant study design) and
clarity and transparency in reporting. We did not exclude
articles based on quality scoring; however, sensitivity
analyses were conducted. The quality assessment is
available on request.

Data analysis

Articles that met the inclusion criteria and reported
prevalence data for AMR in migrant (foreign-born)
populations were included in the meta-analysis. Articles
identified through the literature search that reported on
AMR in migrants but that did not report prevalence data
were not included in the meta-analysis. To adjust for
heterogeneity across the studies (eg, across settings or
migrant populations), we used random-effects models for
the analyses. Pooled estimates of the prevalence of any
detected AMR carriage or infection were calculated for all
migrants across the included articles; by migrant status for
refugees and asylum seekers and other migrant groups;
and by setting for high-migrant community settings
(eg, camps, transit centres, detention centres, or reception
centres) and hospital settings. We did subanalyses for
MRSA and drug-resistant Gram-negative bacteria. We also
calculated pooled estimates of the prevalence of AMR
carriage and AMR infection in migrants across the
included articles. We used sensitivity analyses to examine
the effect of quality across the articles. Heterogeneity was
explored graphically in forest plots to determine whether
characteristics such as sex, study country, date of data
collection, country of origin, or screening approach across
the studies might explain sources of heterogeneity, and in
stratified analyses in relation to migrant status, setting,
and infection versus carriage.

Data were analysed using Stata 14. Metaprop, a Stata
command, was used to calculate pooled estimates for
prevalence and 95% CIs.” In the meta-analyses, a
continuity correction of 0-5 was added to zero cells.
Heterogeneity was assessed through the use of the
I2 statistic.”® This systematic review and meta-analysis is
registered with PROSPERO, number CRD42016043681.

Role of the funding source

The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all the data
in the study and had final responsibility for the decision
to submit for publication.

Results

4275 reports were identified in the database search. After
removal of duplicates, 2274 articles were screened for
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4275 articles identified through database
searching
417 in MEDLINE
1684 in Embase
522 in PubMed
1652 in Scopus

—>| 2001 duplicates removed |

\ 4
| 2274 identified for title and abstract screening |

—>| 1898 excluded |

v

| 376 identified for full-text screening |

359 excluded after full-text screening
1reporting data from before 2000
30 data not disaggregated by migrant
status
6 study location outside area of interest
298 reporting on excluded infections
24 not reporting primary data

17 met eligibility criteria

v

6 additional studies identified outside
search (eg, bibliography screening,
hand-searching, and experts)

v

| 23 included in systematic review |

8 did not report prevalence data

v

| 15 included in meta-analysis |

Figure 1: Study selection

eligibility, of which 376 were included in the full-text
screening (figure 1). 23 articles®*' reporting on antibiotic
resistance in 2319 migrants met the inclusion criteria
and were included in the systematic review; 15 articles
reporting prevalence data on AMR in migrants were
included in the main meta-analysis (table 1).

Seven studies®***7%% were done in Germany, six in
Spain,® #5261 gne in Greece,* two in the Netherlands,”*
one in Austria,” two in Sweden,** two in Switzerland,”*
and two in Italy®* Four articles were published in
Spanish and translated before full-text screening.*#*
The migrants’ countries of origin across the studies are
shown in figure 2. Of the 2319 migrants included across
the studies, 1795 (77%) were asylum seekers or refugees
(defined as those who have applied for or been granted
asylum).®>% Other migrants across the studies
were non-refugee or asylum-seeking foreign-born in-

For more on the Critical
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dividuals (eg, those migrating for economic or family
reasons),**?*% including child migrants or adopted
children.#*# However, reason for migration was often
not reported for individuals classified as other migrants,
for whom only data on foreign-born status were available.

17 studies®-#####5052-545%-0 were done in hospitals, six
studies®###5% were done in high-migrant community
settings (eg, refugee camps or transit centres), and all but
four”*** of the included studies were completed at a
single site (table 1). The articles identified in the
systematic review included studies reporting cohort data
on AMR carriage or infection in migrants (not included
in the meta-analysis),**#** or prevalence data on AMR
carriage or infection in migrants identified through
screenings targeted by specific population (eg, refugee or
asylum seeker) or setting (eg, arrival at refugee centre or
admission to hospital).

Antibiotic susceptibility testing methods for clinical
and screening specimens across the studies and
guidelines used to interpret antimicrobial sensitivity and
minimum inhibitory concentrations are shown in the
panel. Antibiotic susceptibility tests were performed for
fluoroquinolones, aminoglycosides, carbapenems, and
cephalosporins. 19 studies reported on MRS A, *-###425052-60
seven of which reported on community-associated MRSA
or Panton-Valentine leucocidin expression, which is used
as a surrogate for community-associated MRSA in the
scientific literature.®*52% 12 studies reported on antibiotic
resistance in Gram-negative bacteria.?*#*155-%%6! Clinjcal
manifestations, when reported, were predominantly skin
and soft tissue infections or diarrhoea (table 1). Reporting
was good for all key quality indicators and overall study
quality was high (table 1).

Overall, the pooled prevalence of any detected AMR
carriage or infection across all migrants was 25-4%
(95% CI 19-1-31-8; 12=98%; figure 3), including MRSA
(7-8%, 4-8-10-7; 12=93%) and drug-resistant Gram-
negative bacteria (27-2%, 17-6-36-8; 12=94%; table 2),
with variation in reported rates of AMR carriage or
infection by country of origin (figure 2). The pooled
prevalence of AMR infection across migrants in the
included studies was 3:0% (0-0-5-9; [2=87%),
and the pooled prevalence of AMR carriage was
23-0% (16-5-29-4; 12=98%; appendix). Reporting of
AMR infection versus carriage across the articles was a
source of heterogeneity, for which the I2 value reduced
to 87% (appendix). Graphical explorations of
heterogeneity did not suggest that other characteristics
were significant sources of heterogeneity (data not
shown).

We did a sensitivity analysis to examine the effect of
article quality on estimated prevalence of AMR carriage
or infection across the included articles. When we
excluded articles with a quality score of 75% or lower
(25-9%, 95% CI 16-6-35-2), the pooled prevalence of
AMR did not differ substantially from when we included
all studies (25-4%, 19-1-31-8).
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Figure 2: Distribution of antibiotic-resistant organisms among migrants by country of origin

MRSA=meticillin-resistant Staphylococcus aureus.

Panel: Antibiotic susceptibility testing methods and
guidelines

Antibiotic susceptibility testing methods
o D|Sk diﬁusion3$42,44.45,50,52,55,61

. V|tek 239,48750,54*53,60

° E_test41,50,51,56,57

o Other methods#46-485053555859,61

Guidelines

+ (Clinical & Laboratory Standards Institute Guidelines**#495257¢

+  Guidelines from the European Committee on Antimicrobial
Susceptibility Testing Steering Committee3%#4555566

+ National guidelines**4¢475:5759

The pooled prevalence of any detected AMR carriage
or infection among refugees and asylum seekers
(33-0%, 95% CI 18-3-47-6; 12=98%) was higher than it
was in other migrants (6-6%, 1-8-11-3; I12=92%;
figure 4; table 2). In subanalyses by drug-resistant
organism, the pooled prevalence of MRSA in refugees
and asylum seekers (8-2%, 5-0-11-3; I2=84%) was
slightly higher than in other migrants (6-0%, 1-3-10-7;
12=94%). The pooled prevalence of detected drug-
resistant Gram-negative bacteria was similar in refugees
and asylum seekers (27-2%, 17-2-37-1; 12=95%) and
other migrants (27-3%, 6-0-6-1; table 2), although this
was only reported in one study.

The pooled prevalence of detected AMR carriage or
infection in high-migrant community settings (33-1%,
95% CI 11-1-55-1; 12=96%) was slightly increased
compared with hospital settings (24-3%, 16-1-32-6;
12=98%; figure 5; table 2). In subanalyses by drug-
resistant organism, pooled prevalence of drug-resistant
Gram-negative bacteria in high-migrant community
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asylum seekers

community setting

Country Migrants Migrants, n Prevalence, % Weight,
with AMR, n (95% Cl) %
Angeletti et al (2016)* Italy 12 48 —0:— 25% (13-6-39-6) 6-45%
Dudareva et al (2011)® Germany 5 232 - 2:2% (0-70-5-0) 8-41%
Georgakopoulou et al (2016)% Greece 7 13  — 53-9% (25-1-80-8) 3-34%
Gustaffson et al (2006)4 Sweden 13 23 —_— 56-5% (34-5-76-8) 4.56%
Hagleitner et al (2012)% Netherlands 17 131 —-— g 13-0% (7-7-20-0) 7-93%
Heudorf et al (2016)*¢ Germany 42 119 ——— 35:3% (26-8-44-6) 7-34%
Kriger et al (2016)*° Germany 18 73 —.— 24-7% (15-3-36-1) 7-03%
Lederer et al (2015)>* Austria 9 15 —_— 60-0% (32-3-83.7) 3.70%
Marschall et al (2006) Switzerland 0 152 . : 0-0% (0-0-2-4) 8.46%
Oliva et al (2013)% Italy 0 96 - | 00% (0-0-3-8) 8-44%
Ravensbergen et al (2015)°¢ Netherlands 40 130 —~— 30-8% (23:0-39-5) 7-49%
Reinheimer et al (2016)5 Germany 92 143 : —— 64-3% (55:9-72-2) 7-51%
Steger et al (2016)°® Germany 12 105 —-— 11-4% (6-1-19-1) 7-86%
Tenenbaum et al (2016)%° Germany 110 325 —°— 33:9% (28:7-39-3) 8-03%
Valverde et al (2015)6* Spain 3 1 ] 27:3% (6-0-61.0) 3-46%
Overall (P=98%, p<0-0001) <7> 25.4% (19-1-31-8)  100-00%
r T 1
0% 50% 100%
Figure 3: Pooled prevalence of antibiotic resistance among migrants to Europe
AMR=antimicrobial resistance.
All migrants Refugees and Other migrants High-migrant Hospital

Any detected antimicrobial resistance
carriage or infection

25-4% (19-1-31-8)

Meticillin-resistant Staphylococcus aureus ~ 7-8% (4-8-10-7)

Drug-resistant Gram-negative bacteria 27-2% (17-6-36-8)

Data are pooled prevalence (95% Cl).

33-0% (18:3-47-6)

8-2% (5:0-11-3)
27:2% (17-2-37-1)

6-6% (1-8-11-3) 33-1% (11-1-55-1) 24-3% (16-1-32-6)

6-0% (1:3-10-7)
27:3% (6:0-6-1)

9-8% (0-0-20-3)
32:1% (19-9-44-4)

7-4% (4-2-10-6)
24-9% (10-9-39-0)

Table 2: Antibiotic resistance across migrant groups and settings

settings (32-1%, 19-9—44-4; [2=84%) was slightly higher
than it was in hospital settings (24-6%, 9-5-39-8;
12=97%; table 2). This was also true for MRSA in
high-migrant community settings (9-8%, 0-0-20-3;
12=94%) compared with in hospital settings (7-4%,
4-2-10-6; 12=93%; table 2).

Migrants were also over-represented among individuals
with community-associated MRSA, accounting for
62-7% (95% CI 50-2-75-3; 12=12%) of Panton-Valentine
leucocidin-positive MRSA isolates (a marker for
community-associated MRSA*#2#42¢) reported among
migrants and non-migrants in the included studies.*##%
Additionally, evidence from the included studies suggests
that antibiotic-resistant organisms were being acquired
during the migration trajectory in transit or host
countries. In three articles, migrants with similar
migration trajectories were colonised with the same
micro-organisms,”®** and in one cross-sectional study in
four refugee centres in Switzerland,” MRSA clusters
with recent transmission events and no relatedness in
relation to regions of origin or travel routes were
identified. Across the included articles, we did not find

evidence of high rates of onward transmission to host
populations.

Discussion
Our systematic review and meta-analysis shows that the
prevalence of AMR carriage and infection is elevated in
refugees and asylum seekers and in high-migrant
community settings in the included studies. Furthermore,
evidence indicates that antibiotic-resistant organisms are
being acquired by migrants during the migration
trajectory in transit or host countries, suggesting that
transmission of AMR is occurring during or following
migration, either from local populations to migrants or
between migrants. We did not find evidence of onward
transmission by migrants to host populations, which
might be partly attributable to social segregation.
Migrants’ risk of exposure to antibiotic-resistant
organisms in transit or host areas can be considered in the
context of increased prevalence of AMR in high-migrant
receiving countries, such as Greece (MRSA in 39-2% of
tested clinical isolates and combined resistance for E coli
and K pneumoniae in 10-7% of tested isolates), Italy

www.thelancet.com/infection Vol 18 July 2018
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(MRSA 34-1%, combined resistance 18-6%), and Spain
(MRSA 25-3%, combined resistance 5-5%); compared
with countries with a lower migrant intake, such as
Sweden (MRSA 0-8%, combined resistance 2-4%).* The
effect that acquisition of AMR has in these countries—
which might then be imported to northern European
countries along the migration trajectory—should also be
considered in the context of ongoing migration of
EU migrants from southern to northern Europe and the
implications that this situation could have for European
countries with a low incidence of AMR.

In particular, our findings highlight the important role
that high-migrant settings, including refugee camps,
reception centres, transit centres, or detention centres, in
transit and in host countries might have for the
dissemination of drug resistance. Poor social conditions
in these settings, such as inadequate sanitation,
overcrowding, and restricted access to health services
(including antibiotics or vaccinations), favour the spread
of antibiotic-resistant infections.*** Such factors might
be more influential determinants of AMR in migrants to
Europe—especially refugees and asylum seekers—than
the importation of these infections from countries of
origin. In the case of MRSA, for example, colonisation
with the same microorganisms has been seen in migrants
with similar trajectories®**' and clusters with recent
transmission events.” Migrants were also over-represented
among Panton-Valentine leucocidin-positive MRSA
cases, which are correlated with community-acquired
infection.®##2%2% In view of concerns about the rising
incidence of community-associated MRSA in Europe®”**
and the increased virulence and severity of infection
associated with Panton-Valentine leucocidin,®® these
findings highlight the need to improve screening and
treatment of MRSA among refugees and asylum seekers
in high-migrant community settings.

The prevalence of antibiotic-resistant Gram-negative
bacteria is also increasing in community settings. For
example, carriage of ESBL-producing enterobacteria has
increased worldwide, including in community populations
in Europe.”® Although carriage of community ESBL-
producing enterobacteria is typically below 5% in Europe,
elevated rates have been reported, including in Belgium
(11-6%) and Spain (7-4%).” Rising rates of carriage of
antibiotic-resistant bacteria in healthy community
populations have resulted in calls for improved antibiotic
stewardship and prevention and control measures for
infection in community settings. The elevated prevalence
of AMR carriage in refugees and asylum seekers (33-0%),
and in high-migrant community settings (33-1%),
reinforce the need for such strategies.

The importance of high-migrant community settings
(eg, camps, transit centres, or detention facilities) for the
spread of infection has been highlighted in previous
research,®*%* and whole-genome sequencing of drug-
resistant strains of bacteria in refugees to Europe has
shown that such organisms are being acquired in transit

www.thelancet.com/infection Vol 18 July 2018
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Country Migrants Migrants, n Prevalence, % Weight,
with AMR, n (95% CI) %
Angeletti et al (2016)* Italy 12 48 25:0% (13-6-39-6)  10-05%
Dudareva et al (2011)% Germany 5 232 = : 2-2% (0-7-5-0) 10-80%
Georgakopoulou et al (2016)* Greece 7 13 ———— 53.9% (25-1-80-8) 7-89%
Heudorf et al (2016)* Germany 42 119 —;o— 35-3% (26-8-44-6) 10-43%
Kruger et al (2016)*° Germany 18 73 —o—'- 24-7% (15:3-36-1) 10-31%
Lederer et al (2015)** Austria 9 15 e 60%(32:3-837) 8:25%
Ravensbergen et al (2015)° Netherlands 40 130 —-— 30-8% (23-0-39-5) 10-48%
Reinheimer et al (2016) Germany 92 143 ——  64:3%(55:9-722) 10-49%
Steger et al (2016)° Germany 12 105 - 11-4% (6-1-19-1) 10-62%
Tenenbaum et al (2016)%° Germany 110 325 -,- 33:9% (28-7-39-3) 10-67%
overall (=98%, p<0-0001) <> 33.0% (18:3-47-6) 100-00%
0% 50% 100%

B

Country Migrants Migrants, n Prevalence, % Weight,
with AMR, n (95% Cl) %
Gustaffson etal (2006)*  Sweden 13 23 ———— 56:5% (34-5-76-8) 479%
Hagleitner et al (2012)% Netherlands 17 131 &= 13-0% (7-7-20-0) 2329%
Marschall et al (2006) Switzerland 0 152 = 0-0% (0-2-4) 34-77%
Oliva et al (2013)%* Italy 0 9% = 00% (0-3-8) 34-14%
Valverde et al (2015)6! Spain 3 11 —e—— 273%(6:0-61.0) 3-01%
Overall (>=92%, p<0-0001) O 6-6% (1-8-11:3)  100-00%
0% 50% 100%

Figure 4: Pooled prevalence of antibiotic resistance by migrant type

Prevalence among refugees and asylum seekers (A) and among other migrants (B). AMR=antimicrobial resistance.

or host countries.” Evidence that such settings contribute
to the emergence of AMR has resulted in a call for
improved prevention efforts in community settings,’
including by the European Centre for Disease Prevention
and Control,® who have highlighted high rates of
antibiotic-resistant bacteria in high-migrant settings (such
as camps) and called for improved hygiene and targeted
interventions to prevent the spread of antibiotic resistance
in such locations.”

Routine testing for the carriage of antibiotic resistance is
mainly done in hospitals, with a particular emphasis on
targeted screening of high-risk patients at hospital
admission (eg, recent antibiotic usage, recent contact with
high-incidence countries, or having been admitted to
hospital where AMR is endemic),” although measures for
the prevention and control of infection in these settings
across Europe have been shown to vary substantially
between and within countries.” In many cases, protocols
for screening and control of infectious disease
transmission in these settings focus on patients who have
come from or have been admitted to hospitals in countries
with a high prevalence of drug-resistant organisms.**”
However, migrants across the included articles had
infrequently been admitted to hospital or had exposure to
antibiotics, with evidence that AMR might have been
acquired during or following migration. Furthermore, key
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A

Country  Migrants Migrants, n Prevalence, % Weight,
with AMR, n (95%Cl) %
Angeletti et al (2016)* Italy 12 48 "‘- 25.0% (13-6-39-6) 21-14%
Dudareva et al (2011)# Germany 5 232 . 2:2% (0-7-5-0) 22.58%
Georgakopoulou etal (2016)*  Greece 7 13 ~—~— 53-9% (25-1-80-8) 16-84%
Heudorf et al (2016)* Germany 42 119 W 353% (26:8-44-6)  21-86%
Lederer et al (2015)** Austria 9 15 '—0— 60% (32:3-83-7) 17-58%
Overall (?=96%, p<0-0001) <E> 331% (11-1-55-1)  100-00%
—T
0% 50% 100%

B

Country Migrants Migrants, n Prevalence, % Weight,
with AMR, n (95% Cl) %

Gustaffson et al (2006)% Sweden 13 23 —*—— 56:5% (34-5-76-8) 6-85%
Hagleitner et al (2012)* Netherlands 17 131 13-0% (7:7-20-0) 11.08%
Kruger et al (2016)*° Germany 18 73 —*— 24.7% (15-3-36:1) 10-02%
Marschall et al (2006) Switzerland 0 152% 0-0% (0-0-2-4) 11-69%
Oliva et al (2013)* Italy 0 96 = 0-0% (0-0-3-8) 11-67%
Ravensbergen et al (2015)® Netherlands 40 130 é_‘_ 30-8% (23-0-39-5) 10-56%
Reinheimer et al (2016)> Germany 92 143 ——  64-3% (55-9-72-2) 10-58%
Steger etal (2016)* Germany 12 105 = 11-4% (6-1-19-1) 11.01%
Tenenbaum et al (2016)°  Germany 110 325 - 33:9% (28-7-39-3) 11-20%
Valverde et al (2015)% Spain 3 11 —E-o— 27-3% (6-0-61-0) 533%
Overall (=98%, p<0-0001) <> 24.3% (16-1-32.6)  100-00%

0% 50% 100%

Figure 5: Pooled prevalence of antibiotic resistance by setting
Prevalence in high-migrant settings (A) and in hospital settings (B). AMR=antimicrobial resistance.
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emerging bacteria of concern in health-care settings, such
as carbapenem-resistant Enterobacteriaceae, might be
more prevalent among travellers who have had contact
with health care in high prevalence countries (including
European travellers or settled migrants in Europe making
return visits to their countries of origin) than in those
migrating to Europe.” This hypothesis is consistent with
literature demonstrating the particular risk of AMR
acquisition and subsequent carriage in travellers to high
prevalence countries.’

Such findings raise questions about the effectiveness or
appropriateness of the current focus on screening in
secondary care settings, and the targeting of migrants and
refugees in particular. This uncertainty is reflected in
recent calls for more robust evidence to guide policies
regarding microbiological screening. Further research is
needed to identify where and when migrants are acquiring
AMR and, in terms of screening, what role it should play,
who should be targeted, and where and how frequently it
should be done.“””” The gap in evidence regarding the
association between migration and AMR and effective
infection prevention and control also aligns with a demand
for more harmonised and evidence-based measures for
the prevention and control of infection across Europe that
are tailored to the local context and characteristics of at-risk
groups.” The increased rates of antibiotic resistance in
high-migrant community settings shown in this systematic

review highlight the potential benefit of screening in
community settings rather than only in hospitals,
especially in view of the substantial barriers that migrants
can experience in accessing secondary health care.*#¥

In addition to improved detection of AMR, for example
through screening for colonisation, and improved
antibiotic susceptibility testing of infections in high-
migrant community settings, interventions should focus
on better sanitation (for staff in migrant centres and the
migrant population), increased quality of living conditions
and less overcrowding, and better access to health services.
These improvements will enable timely detection and
treatment of infections when they do occur, thus reducing
transmission and poorer and more costly health outcomes.
Such initiatives could also be accompanied by health
education and advocacy for migrants and relevant staff to
increase awareness and improve standards of practice.

The findings provide compelling evidence for basic
infection prevention and control, antibiotic surveillance
principles in all aspects of health care,” and targeted
initiatives to improve detection and treatment of drug-
resistant organisms in migrants in community settings.
These changes should be accompanied by increased
provider awareness and comprehensive risk assessments
when engaging with migrant patients in relation to
contact with health services, antibiotic use, or pre-
migration risk factors, travel and immigration history,
and exposure to poor social conditions.”” Such strategies
also need to be supported by improved access to health
services and social conditions in these communities to
reduce the risk of infection and transmission. This
approach aligns with global frameworks, including the
WHO Global Antimicrobial Resistance Surveillance
System,” the WHO draft framework of priorities and
guiding principles to promote the health of refugees and
migrants,” and calls for explicit migrant health policies
to address inequalities.®

In addition to improvements in the prevention,
detection, and treatment of AMR in migrants, it is also
important to reduce the stigma associated with these
communities in view of the findings that migrants might
acquire antibiotic-resistant organisms in host countries,
and that the risk of onward transmission to host
populations is low. This view is consistent with literature
highlighting the continued vulnerability of migrants to
infection in host countries, which is also seen for other
infectious diseases like tuberculosis,** as opposed to the
potential threat they present for transmission to host
populations.®

Although our systematic review and meta-analysis
addresses a key gap in the evidence base by identifying
and synthesising data about patterns of antibiotic
resistance in migrants to Europe, we acknowledge that
the evidence has some key limitations. It is unclear how
representative the migrants included in the studies are of
the wider migrant population across Europe. Refugees
and asylum seekers are over-represented and more data
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are needed from diverse migrant groups, including
family reunion migrants, economic migrants, seasonal
migrants, undocumented migrants, or settled migrants
visiting their countries of origin. This over-representation
might also have resulted in inflated prevalence estimates.
A further limitation is that, in some studies, details about
the reason for migration (eg, refugee or asylum seeker
status) were not collected or reported, and thus could not
be disaggregated in subanalyses. Data were heterogeneous,
which contributed to variations in findings. Study
outcomes, in particular, varied widely because of
differences in definitions used, organisms and types of
drug resistance reported, and measures (eg, carriage vs
infection, sample prevalence or incidence, or proportion
of drug-resistant isolates). Small sample sizes also
contributed to wide confidence intervals in some
subanalyses. To achieve a robust evidence base on AMR in
migrant populations worldwide, efforts should be made to
strengthen global surveillance systems, consistency in
reporting, and data collection on migrant patients.

This systematic review and meta-analysis highlights
the risk of AMR carriage and infection faced by migrants,
particularly refugees, asylum seekers, and those residing
in high-migrant community settings. The elevated
prevalence of AMR in these groups could be attributed to
the conditions they are exposed to in transit and host
countries in Europe, which encourage the emergence
and spread of drug resistance. The findings highlight a
need for targeted strategies to improve the detection,
treatment, and prevention of antibiotic resistance in
high-migrant community settings, with little evidence to
suggest that migrants significantly contribute to the
burden of antibacterial resistance in Europe. Such
strategies could include the development of Europe-wide
screening guidelines, antimicrobial stewardship pro-
grammes in high-migrant community settings, and
innovative approaches, such as technology-based
surveillance or patient-held electronic records.®* These
approaches should be accompanied by integration of
robust infection prevention and control as core practices
throughout health services to prevent transmission of
infection and development of antibiotic resistance. Such
approaches are prioritised in the WHO global action plan
on antimicrobial resistance’ and are particularly salient
because of the barriers to accessing health care faced by
migrants,”® which are exacerbated by increasingly
restrictive health services across Europe.”* Our findings
highlight that these initiatives need to be supported by
strategies to minimise social deprivation, improve living
conditions in high-migrant settings (such as refugee
camps, transit centres, and detention facilities) in host
countries in Europe, and improve—rather than restrict—
access to high-quality health services for migrant
communities regardless of legal resident status.”
Contributors

LBN, SH, and JSF were responsible for the design of the research.
LBN and HT did the database search, screening, quality assessment,

www.thelancet.com/infection Vol 18 July 2018

data extraction, and analysis, and contributed to the writing of the
manuscript, in collaboration with AH, JAO, EC-S, MN, JSF, and SH.

Declaration of interests
SH is a freelance peer review editor for The Lancet Infectious Diseases.
The other authors declare no competing interests.

Acknowledgments

LBN, SH, and JSF are funded by the UK National Institute for Health
Research Imperial Biomedical Research Centre and the Imperial College
Healthcare Charity. SH and LBN are also funded by the Wellcome Trust
(grant number 209993/Z/17/Z). EC-S, JAO, and AH acknowledge the
support of the National Institute for Health Research Health Protection
Research Unit in Health care-associated Infections and Antimictobial
Resistance at Imperial College London.

References

1  Nature. The antibiotic alarm. Nature 2013; 495: 141.

2 WHO. Global action plan on antimicrobial resistance. 2015.
http://www.wpro.who.int/entity/drug_resistance/resources/global_
action_plan_eng.pdf (accessed Aug 17, 2017).

3 Gandra S, Barter D, Laxminarayan R. Economic burden of
antibiotic resistance: how much do we really know?

Clin Microbiol Infect 2014; 20: 973-80.

4 European Centre for Disease Prevention and Control/European
Medicines Agency Joint Working Group. The bacterial challenge:
time to react. https://ecdc.europa.eu/sites/portal/files/media/en/
publications/Publications/0909_TER_The_Bacterial _Challenge_
Time_to_React.pdf (accessed Aug 17, 2017).

5  Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas KZ.
Deaths attributable to carbapenem-resistant Enterobacteriaceae
infections. Emerg Infect Dis 2014; 20: 1170-75.

6  WHO. Antimicrobial resistance: global report on surveillance 2014.
April, 2014. http://apps.who.int/iris/bitstream/10665/
112642/1/9789241564748_eng.pdfrua=1 (accessed Aug 17, 2017).

7  Laxminarayan R, Duse A, Wattal C, et al. Antibiotic resistance—the
need for global solutions. Lancet Infect Dis 2013; 13: 1057-98.

8  European Centre for Disease Prevention and Control.

Annual epidemiological report 2014. Antimicrobial resistance and
healthcare-associated infections. https://ecdc.europa.eu/sites/portal/
files/media/en/publications/Publications/antimicrobial-resistance-
annual-epidemiological-report.pdf (accessed Aug 17, 2017).

9  Holmes AH, Moore LS, Sundsfjord A, et al. Understanding the
mechanisms and drivers of antimicrobial resistance. Lancet 2016;
387:176-87.

10 van der Bij AK, Pitout JD. The role of international travel in the
worldwide spread of multiresistant Enterobacteriaceae.

J Antimicrob Chemother 2012; 67: 2090-100.

11 WHO. Migration and health: key issues. 2016. http://www.euro.
who.int/en/health-topics/health-determinants/migration-and-
health/migrant-health-in-the-european-region/migration-and-
health-key-issues#page-wrap (accessed Aug 17, 2017).

12 Maltezou HC. Antibiotic resistance and the refugee crisis in
Europe—preemptive action is indicated. Travel Med Infect Dis 2016;
14: 69-70.

13 Auguet OT, Betley JR, Stabler RA, et al. Evidence for community
transmission of community-associated but not
health-care-associated methicillin-resistant Staphylococcus aureus
strains linked to social and material deprivation: spatial analysis of
cross-sectional data. PLoS Med 2016; 13: €1001944.

14  Public Health England. English surveillance programme for
antimicrobial utilisation and resistance (ESPAUR). Report 2016.
https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/575626/ESPAUR_Report_2016.pdf
(accessed Aug 17, 2017).

15 Eurostat. Migration and migrant population statistics. 2015.
https://infoeuropa.eurocid.pt/files/database/000066001-000067000/
000066600.pdf (accessed Aug 17, 2017).

16 International Organization for Migration. EU migrant, refugee
arrivals by land and sea approach one million in 2015. Dec 18, 2015.
https://www.iom.int/news/eu-migrant-refugee-arrivals-land-and-
sea-approach-one-million-2015 (accessed Aug 17, 2017).

17  Lillebaek T, Andersen AB, Dirksen A, Smith E, Skovgaard LT,
Kok-Jensen A. Persistent high incidence of tuberculosis in
immigrants in a low-incidence country. Emerg Infect Dis 2002; 8: 679-84.

809



Articles

810

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Cousins S. Syrian crisis: health experts say more can be done.
Lancet 2015; 385: 931-34.

Mahfoud M, Al Najjar M, Hamzeh AR. Multidrug resistance in
Pseudomonas aeruginosa isolated from nosocomial respiratory and
urinary infections in Aleppo, Syria. J Infect Dev Ctries 2015; 9: 210-13.
UNHCR. Refugees/migrants emergency response—Mediterranean
2016. http://data.unhcr.org/mediterranean/regional.php

(accessed Aug 17, 2017).

WHO. Worldwide country situation analysis: response to
antimicrobial resistance. 2015. http://apps.who.int/iris/
bitstream/10665/163468/1/9789241564946_eng.pdfPua=1&ua=1
(accessed Aug 17, 2017).

Hargreaves S, Nellums L, Friedland J, Goldberg J, PMurwill P,
Jones L. Extending migrant charging into emergency services.

BM] 2016; 352: i685.

European Centre for Disease Prevention and Control.

Systematic review of the effectiveness of infection control measures
to prevent the transmission of carbapenemase-producing
Enterobacteriaceae through cross-border transfer of patients. 2014.
https://ecdc.europa.eu/sites/portal /files/media/en/publications/
Publications/ESBL-systematic-review-effectiveness-infection-
control-measures.pdf (accessed Aug 17, 2017).

Aiken AM, Allegranzi B, Scott JA, Mehtar S, Pittet D,

Grundmann H. Antibiotic resistance needs global solutions.

Lancet Infect Dis 2014; 14: 550-51.

MacPherson DW, Gubbins PO, Holtom P, Segarra-Newnham M.
Population mobility, globalisation, and antimicrobial drug
resistance. In: Choffnes ER, Relman DA, Mack A, eds. Antibiotic
resistance: implications for global health and novel intervention
strategies: workshop summary. Washington, DC: National
Academies Press, 2010: 35.

Memish ZA, Venkatesh S, Shibl AM. Impact of travel on
international spread of antimicrobial resistance.

Int ] Antimicrob Agents 2003; 21: 135-42.

Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: synthesis of
Dbest evidence for clinical decisions. Ann Intern Med 1997; 126: 376-80.
Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
PLoS Med 2009; 6: €1000100.

Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 2009; 151: 264-69.

Klinkenberg E, Manissero D, Semenza |, Verver S.

Migrant tuberculosis screening in the EU/EEA: yield, coverage and
limitations. Eur Respir | 2009; 34: 1180-89.

Tomaés BA, Pell C, Cavanillas AB, Solvas ]G, Pool R, Roura M.
Tuberculosis in migrant populations. A systematic review of the
qualitative literature. PLoS One 2013; 8: €82440.

Costelloe C, Metcalfe C, Lovering A, Mant D, Hay AD. Effect of
antibiotic prescribing in primary care on antimicrobial resistance in
individual patients: systematic review and meta-analysis. BMJ 2010;
340: c2096.

Galdn Montemayor JC, Moreno Bofarull A, Baquero Mochales F.
Impacto de los movimientos migratorios en la resistencia
bacteriana a los antibidticos. Rev Esp Salud Publica 2014; 88: 829-37.
Oxman AD, Group GW. Grading quality of evidence and strength of
recommendations. BMJ 2004; 328: 1490-94.

Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in
meta-analyses. Ottawa, ON: Ottawa Hospital Research Institute, 2011.
Higgins JP, Altman DG, Getzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BM]J 2011; 343: d5928.

Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata command to perform
meta-analysis of binomial data. Arch Public Health 2014; 72: 1.

Sterne JA, Bradburn MJ, Egger M. Meta-analysis in Stata.

In: Egger M, Davey-Smith G, Douglas Altman D, eds. Systematic
reviews in health care: meta-analysis in context, 2nd edn. London:
BM]J Books, 2008: 347—69.

Angeletti S, Ceccarelli G, Vita S, et al. Unusual microorganisms
and antimicrobial resistances in a group of Syrian migrants:
sentinel surveillance data from an asylum seekers centre in Italy.
Travel Med Infect Dis 2016; 14: 115-22.

41

42

43

45

47

49

50

51

52

53

54

55

56

57

58

59

Broseta A, Chaves F, Rojo P, Otero J. Emergence of a single clone of
community-associated methicillin-resistant Staphylococcus aureus in
southern Madrid children. Enferm Infecc Microbiol Clin 2006;

24: 31-35 (in Spanish).

Casado-Verrier B, Gomez-Fernandez C, Pano-Pardo JR, et al.
Prevalencia de infecciones de piel y tejidos blandos producidas por
Staphylococcus aureus resistente a meticilina comunitario en
Madrid. Enferm Infecc Microbiol Clin 2012; 30: 300-06.

Cercenado E, Cuevas O, Marin M, et al. Community-acquired
methicillin-resistant Staphylococcus aureus in Madrid, Spain:
transcontinental importation and polyclonal emergence of
Panton—Valentine leukocidin-positive isolates.

Diagn Microbiol Infect Dis 2008; 61: 143—49.

Dudareva S, Barth A, Paeth K, et al. Cases of community-acquired
meticillin-resistant Staphylococcus aureus in an asylum seekers
centre in Germany, November 2010. Euro Surveill 2011; 16: 19777.
Frick MA, Moraga-Llop FA, Bartolomé R, et al. Infecciones por
Staphylococcus aureus resistente a meticilina adquirido en la
comunidad en nifios. Enferm Infecc Microbiol Clin 2010;

28: 675-79.

Georgakopoulou T, Mandilara G, Mellou K, et al. Resistant shigella
strains in refugees, August-October 2015, Greece.

Epidemiol Infect 2016; 144: 2415-19.

Gustafsson E, Ringberg H, Johansson P. MRSA in children from
foreign countries adopted to Swedish families. Acta Paediatr 2007;
96: 105-08.

Hagleitner MM, Mascini EM, van Berkel S, Bosman ], Mulder ]JC,
van Setten PA. Foreign adopted children are a source of
methicillin-resistant Staphylococcus aureus transmission to countries
with low prevalence. Pediatr Infect Dis ] 2012; 31: 655-58.

Heudorf U, Krackhardt B, Karathana M, Kleinkauf N, Zinn C.
Multidrug-resistant bacteria in unaccompanied refugee minors
arriving in Frankfurt am Main, Germany, October to

November 2015. Euro Surveill 2016; 21: 30109.

Heudorf U, Albert-Braun S, Hunfeld K-P, et al.
Multidrug-resistant organisms in refugees: prevalences and impact
on infection control in hospitals. GMS Hyg Infect Control 2016;

11: Doc16.

Kriiger C, Schuler-Luttmann S, Haug T, Gantert M, Hermsen M.
Multidrug-resistant bacteria in refugee children and pregnant
women admitted to a general hospital in North Rhine-Westphalia,
Germany. Klin Pidiatr 2016; 228: 227-29.

Lederer I, Taus K, Allerberger F, et al. Shigellosis in refugees,
Austria, July to November 2015. Euro Surveill 2015; 20: 30081.
Manzur A, Dominguez A, Pujol M, et al. Community-acquired
methicillin-resistant Staphylococcus aureus infections: an emerging
threat in Spain. Clin Microbiol Infect 2008; 14: 377-80.

Marschall ], Diirig P, Mithlemann K. Low prevalence of
methicillin-resistant Staphylococcus aureus (MRSA) carriage in
women from former Yugoslavia living in Switzerland.

Eur J Clinl Microbiol Infect Dis 2006; 25: 535-36.

Oliva A, Lichtner M, Mascellino M, et al. Study of
methicillin-resistant Staphylococcus aureus (MRSA) carriage in a
population of HIV-negative migrants and HIV-infected patients
attending an outpatient clinic in Rome. Ann Ig 2012; 25: 99-107.
Piso R, Kach R, Pop R, et al. A cross-sectional study of colonization
rates with methicillin-resistant Staphylococcus aureus (MRSA) and
extended-spectrum beta-lactamase (ESBL) and
carbapenemase-producing Enterobacteriaceae in four Swiss refugee
centres. PLoS One 2017; 12: e0170251.

Ravensbergen SJ, Lokate M, Cornish D, et al. High prevalence of
infectious diseases and drug-resistant microorganisms in asylum
seekers admitted to hospital; no carbapenemase producing
Enterobacteriaceae until September 2015. PLoS One 2016; 11: €0154791.
Reinheimer C, Kempf 'V, Géttig S, et al. Multidrug-resistant
organisms detected in refugee patients admitted to a University
Hospital, Germany June December 2015. Euro Surveill 2016;

21: 30110.

Steger S, Demetz F, Schmidt C, Borgmann S. Low percentage of
asylum seekers colonized with multi-resistant bacteria treated at a
German hospital. Jacobs | Epidemiol Prev Med 2016; 2: 021.
Stenhem M, Ortqvist A, Ringberg H, et al. Imported
methicillin-resistant Staphylococcus aureus, Sweden.

Emerg Infect Dis 2010; 16: 189-96.

www.thelancet.com/infection Vol 18 July 2018



Articles

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Tenenbaum T, Becker K-P, Lange B, et al. Prevalence of
multidrug-resistant organisms in hospitalized pediatric refugees in
an University Children’s Hospital in Germany 2015-2016.

Infect Control Hosp Epidemiol 2016: 37: 1310-14.

Valverde A, Turrientes M-C, Norman F, et al. CTX-M-15-non-ST131
Escherichia coli isolates are mainly responsible of faecal carriage
with ESBL-producing Enterobacteriaceae in travellers, immigrants
and those visiting friends and relatives. Clin Microbiol Infect 2015;
21: el—4.

Boyle-Vavra S, Daum RS. Community-acquired methicillin-resistant
Staphylococcus aureus: the role of Panton—Valentine leukocidin.

Lab Invest 2007; 87: 3-9.

Otter J, Kearns A, French G, Ellington M. Panton—Valentine
leukocidin-encoding bacteriophage and gene sequence variation in
community-associated methicillin-resistant

Staphylococcus aureus. Clin Microbiol Infect 2010; 16: 68-73.
European Centre for Disease Prevention and Control. Surveillance
Atlas of Infectious Diseases. 2015. https://ecdc.europa.eu/en/
surveillance-atlas-infectious-diseases (accessed Aug 17, 2017).
Woerther P-L, Burdet C, Chachaty E, Andremont A. Trends in
human fecal carriage of extended-spectrum f-lactamases in the
community: toward the globalization of CTX-M.

Clin Microbiol Rev 2013; 26: 744-58.

Connolly MA, Gayer M, Ryan MJ, Salama P, Spiegel P,

Heymann DL. Communicable diseases in complex emergencies:
impact and challenges. Lancet 2004; 364: 1974-83.

European Centre for Disease Prevention and Control.
Antimicrobial resistance surveillance in Europe 2014: Annual report
of the European Antimicrobial Resistance Surveillance Network
(EARS-Net). Stockholm: European Centre for Disease Prevention
and Control, 2015.

Otter ], French G. The emergence of community-associated
methicillin-resistant Staphylococcus aureus at a London teaching
hospital, 2000-2006. Clin Microbiol Infect 2008; 14: 670-76.
Angeletti S, Cella E, Lai A, et al. Whole-genome sequencing of
Klebsiella pneumoniae MDR strain isolated in a Syrian refugee.
Pathog Glob Health 2017; 111: 212-15.

European Centre for Disease Prevention and Control. Assessing the
burden of key infectious diseases affecting migrant populations in
the EU/EEA. Stockholm: European Centre for Disease Prevention
and Control, 2014.

European Centre for Disease Prevention and Control. Rapid risk
assessment: communicable disease risks associated with the
movement of refugees in Europe during the winter season.
Stockholm: European Centre for Disease Prevention and Control,
2015.

Public Health England. Acute trust toolkit for the early detection,
management and control of carbapenemase-producing
Enterobacteriaceae. 2013. https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/329227/Acute_trust_
toolkit_for_the_early_detection.pdf (accessed Aug 17, 2017).
Tacconelli E, Cataldo M, Dancer S, et al. ESCMID guidelines for the
management of the infection control measures to reduce
transmission of multidrug-resistant Gram-negative bacteria in
hospitalized patients. Clin Microbiol Infect 2014; 20: 1-55.
Reinheimer C, Kempf VA, Jozsa K, et al. Prevalence of
multidrug-resistant organisms in refugee patients, medical tourists
and domestic patients admitted to a German university hospital.
BMC Infect Dis 2017; 17: 17.

www.thelancet.com/infection Vol 18 July 2018

75

76

78

79

80

81

82

83

84

85

86

87

88

89

90

Walter J, Haller S, Hermes J, Arvand M, Sin MA, Eckmanns T.
Letter to the editor: Is there a need for special treatment of refugees
at hospital admission? Euro Surveill 2016; 21: 30137.

Seybold U, Wagener |, Jung ], Sammet S. Multidrug-resistant
organisms among refugees in Germany: we need evidence-based
care, not fear-based screening. J Hosp Infect 2016; 92: 229-31.
Leblebicioglu H, Rodriguez-Morales AJ, Rossolini GM, Lopez-Vélez R,
Zahar ]-R, Rello ]. Management of infections in critically ill returning
travellers in the intensive care unit—I: considerations on infection
control and transmission of resistance. Int ] Infect Dis 2016; 48: 113-17.
Tornimbene B, Eremin S, Escher M, Griskeviciene J, Manglani S,
Pessoa-Silva CL. WHO Global Antimicrobial Resistance
Surveillance System early implementation 2016-17. Lancet Infect Dis
2018; 18: 241-42.

WHO. Promoting the health of refugees and migrants: draft
gramework of priorities and guiding principles to promote the
health of refugees and migrants. Geneva: World Health
Organization, 2017,

Rechel B, Mladovsky P, Ingleby D, Mackenbach JP, McKee M.
Migration and health in an increasingly diverse Europe.

Lancet 2013; 381: 1235-45.

Lillebaek T, Andersen AB, Dirksen A, Smith E, Skovgaard LT,
Kok-Jensen A. Persistent high incidence of tuberculosis in
immigrants in a low-incidence country. Emerg Infect Dis 2002;

8: 679-84.

Lillebaek T, Andersen AB, Bauer J, et al. Risk of Mycobacterium
tuberculosis transmission in a low-incidence country due to
immigration from high-incidence areas. J Clin Microbiol 2001;

39: 855-61.

Dahle UR, Sandven P, Heldal E, Caugant DA. Continued low rates
of transmission of Mycobacterium tuberculosis in Norway.

J Clin Microbiol 2003; 41: 2968-73.

Kamper-Jorgensen Z, Andersen AB, Kok-Jensen A, et al.

Migrant tuberculosis: the extent of transmission in a low burden
country. BMC Infect Dis 2012; 12: 1.

Stich A. Frequent infectious diseases in migrants.

Der Internist 2016; 57: 409-15.

Blaya JA, Fraser HS, Holt B. E-health technologies show promise in
developing countries. Health Affairs 2010; 29: 244-51.

Mendelson M, Rettingen J-A, Gopinathan U, et al. Maximising
access to achieve appropriate human antimicrobial use in
low-income and middle-income countries. Lancet 2016; 387: 188-98.
Das P, Horton R. Antibiotics: achieving the balance between access
and excess. Lancet 2016; 387: 102-04.

Department of Health. Making a fair contribution: a consultation
on the extension of charging overseas visitors and migrants using
the NHS in England. 2015. https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/483870/NHS_
charging_acc.pdf (accessed Aug 17, 2017).

Kentikelenis A, Karanikolos M, Williams G, et al. How do economic
crises affect migrants’ risk of infectious disease? A systematic-
narrative review. Eur | Public Health 2015; 25: 937-44.

811



	Antimicrobial resistance among migrants in Europe: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Data analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


