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Abstract

Background: Cross-border healthcare may promote the spread of multidrug-resistant microorganisms (MDRO) and
is challenging due to heterogeneous antimicrobial resistance (AMR) prevention measures (APM). The aim of this
article is to compare healthcare workers (HCW) from Germany (DE) and The Netherlands (NL) on how they perceive
and experience AMR and APM, which is important for safe patient exchange and effective cross-border APM
cooperation.

Methods: A survey was conducted amongst HCW (n =574) in hospitals in DE (n = 305) and NL (n = 269), using an
online self-administered survey between June 2017 and July 2018. Mann-Whitney U tests were used to analyse
differences between answers of German and Dutch physicians (n = 177) and German and Dutch nurses (n =397)
on 5-point Likert Items and Scales.

Results: Similarities between DE and NL were a high awareness about the AMR problem and the perception that
the possibility to cope with AMR is limited (30% respondents perceive their contribution to limit AMR as
insufficient). Especially Dutch nurses scored significantly lower than German nurses on their contribution to limit
AMR (means 2.6 vs. 3.1, p £0.001). German HCW were more optimistic about their potential role in coping with
AMR (p £0.001), and scored higher on feeling sufficiently equipped to perform APM (p < 0.003), although the mean
scores did not differ much between German and Dutch respondents.

Conclusions: Although both German and Dutch HCW are aware of the AMR problem, they should be more
empowered to contribute to limiting AMR through APM (i.e. screening diagnostics, infection diagnosis, treatment
and infection control) in their daily working routines. The observed differences reflect differences in local, national
and cross-border structures, and differences in needs of HCW, that need to be considered for safe patient exchange
and effective cross-border APM.
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Background

Avoiding antimicrobial resistance (AMR) as well as lim-
iting the spread of multidrug-resistant micro-organisms
(MDRO) through AMR prevention measures (APM) is
essential for the quality, safety and durability of health-
care and societal health [1, 2]. Core APM are described
by various international and national healthcare author-
ities, and comprise of both timely and adequate screen-
ing diagnostics, infection diagnosis, antibiotic treatment,
and infection control measures [3—15].

National borders are no barrier for the spread of MDRO.
Since the 2011 EU directive on the application of patients’
rights in cross-border healthcare, cross-border mobility of
both patient and healthcare workers (HCW) between
Germany (DE) and The Netherlands (NL) has steadily in-
creased [16-19]. As a result of the increased cross-border
patient and HCW mobility, MDRO may also spread in
cross-border regions, like the EUREGIO (i.e. comprising
communities of north-eastern NL and north-western DE)
[20, 21]. The INTERREG V-A funded initiative EurHealth-
1-Health (EH1H) combines the focus on AMR and health-
care through close cross-border cooperation [22]. Close
cross-border cooperation was established in particular to
address comparisons of APM implemented in both coun-
tries, understand differences and find solutions for regional
infection control [20].

Previous studies performed within the EUREGIO have
focused on differences in the organization of healthcare
(e.g. relatively more beds available [23], longer average
length of stay [24] and increased connectivity of a higher
number of healthcare facilities [20] in DE compared to
NL), which are known risk-factors for (the spread of) infec-
tions and, thus, indirectly for the spread of AMR [25].
Other studies showed differences in prevalence of MDRO
(e.g. lower MRSA admission prevalence in NL) [26-28],
and antibiotic prescriptions among outpatients (higher pre-
scription prevalence in Germany) [29]. Differences in AMR
and APM between both countries are shaped by a complex
combination of interrelated factors [20]. These factors
range from differences in regulations [30, 31] to differences
in the categorization and designation of MDRO and the
recommendations for diagnostic procedures [32—34].

Nonetheless, merely focusing on organisational, regu-
latory, and procedural factors underestimates one of the
most important aspects of successful APM, namely
people and particularly HCW [35-38]. HCW are the
ones active on the work floor, diagnosing and treating
patients, and are thereby largely influencing the success
of APM [38-42]. Furthermore, unequivocal and clear
communication between HCW is a crucial factor for ef-
fective (cross-border) APM [33, 43, 44]. Studying AMR
from the HCW’ perspective on both sides of the border
will help to develop more effective APM cooperation,
because it creates understanding of how HCW perceive
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the AMR problem and how empowered they feel to
tackle the problem through their daily work routines.

This study consisted of a cross-border survey on Dutch
and German HCW employed in hospitals of the EUREGIO.
The aim of this article is to gain an understanding of the
similarities and differences of AMR- and APM-perceptions
of Dutch and German HCW that need to be considered for
effective cross-border AMR cooperation.

Methods

In this cross-sectional study, a survey was conducted
amongst HCW in hospitals in DE and NL, using an on-
line self-administered questionnaire between June 2017
and July 2018. The bi-national research team consisted
of researchers from various specialties, including health
sciences, psychology, medical microbiology and epidemi-
ology, infectious diseases, and infection control (see au-
thors). The study was ethically approved by the ethical
committee of the University of Twente (BCE18321).

Setting and participants

The study was performed in six hospitals, which were
purposively sampled based on their location in north-
eastern NL and north-western DE. The heterogeneous
sample consisted of one large university hospital on each
side of the border (DE: + - 1500 and NL: + — 1300 beds),
as well as one smaller Dutch general hospital (+ - 700
beds) and three smaller German university hospitals (+
- 400-800 beds). Microbiological diagnostics was locally
organised in all except one German hospital. In all par-
ticipating hospitals, local guidelines on antibiotic pre-
scribing were available in the form of (online)
formularies. Expert consultations on medical microbiol-
ogy, infectious diseases and hygiene were available by
phone or in person. Because HCW are mainly respon-
sible to perform APM, they were selected as the key-
stakeholders. HCW consisted of physicians and nurses
of relevant AMR departments (e.g. not psychiatry).

Survey and distribution

After demographic questions, the survey addressed a
variety of AMR-topics, mostly based on a valid and reli-
able AMR questionnaire [38]. First, questions about the
perceived urgency of the AMR problem on various
levels, the perceived causes of AMR, beliefs about anti-
biotic use and the perceived influence that respondents
have to limit the AMR problem were asked (1: Fully dis-
agree — 5: Fully agree). Then, we asked questions about
APM, which were based on recommendations about
APM from various national and international health au-
thorities [3—15] and a study of Dik et al. [45].

APM were introduced to respondents as follows:
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e Screening diagnostics: the process of finding out if a
patient carries resistant bacteria (incl. asking
questions about risk factors for MDRO at admission,
taking cultures and testing cultures).

e Infection diagnosis: the diagnosis of an infection
(present/absent).

e Treatment: the choice of antibiotics that meets both
the patient’s diagnosis and the local antibiotic
guidelines.

e Infection control: the implementation of suitable
hygiene measures for infection and transmission
prevention (e.g. antisepsis, hand hygiene, use of
personal protective equipment, and cleaning of
equipment and rooms).

The perceived importance of APM was questioned
with one item. The perceived influence and perceived
availability of resources, knowledge, and social support
of colleagues and supervisor on APM was questioned
with five items. The perceived influence and perceived
availability of resources, knowledge, and social support
of colleagues and supervisor were later combined for in-
terpretation into a scale of “feeling sufficiently equipped”
for the specific APM.

The survey was originally designed in Dutch for the
regional hospital, which was used as a pilot-test for the
survey. Tests that were held with a nurse and physician
to ensure comprehension and clarity of the questions re-
sulted in small adaptions in wording. After translation
by an official translation service to German, the German
research team members adapted wordings to better fit
the clinical context and jargon. The full survey can be
found in Additional file 1.

The survey was developed and administered in Qualtrics,
and consisted of 5-point Likert items (Not import-
ant-Important, Insufficient—Sufficient). Respondents
were informed of the voluntary nature of their par-
ticipation and confidentiality was guaranteed.

The survey was distributed by email or personal com-
munication followed by snowball sampling with local
differences due to practical matters (e.g. local restric-
tions of using mailing lists and managerial objections
with surveys to avoid overload of work for HCW). Re-
minders were sent twice, but could not be tailored to
non-responders.

Statistical analysis

Descriptive analyses were performed in SPSS (v24). As
physicians and nurses have different responsibilities re-
lated to AMR [46], results are shown separate per func-
tion group. Chi-square tests of homogeneity and Fisher’s
exact tests were used to study demographical differences
between groups ((i) German and Dutch respondents, (ii)
German and Dutch physicians, and (iii) German and
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Dutch nurses). Mann-Whitney U-tests were used to
study differences on the 5-point Likert items between
the before mentioned groups. This nonparametric test
suits the non-normal distribution of the data, and the
nominal nature of the independent variable (i.e. DE/NL)
and ordinal nature of the dependent variable (i.e. 5-point
Likert items) [47]. Reported p-values for the Mann-
Whitney U tests are two-tailed (asymptotic-derived p-
values presented) and a p-value <0.05 was considered
significant. Possible influence of demographic differences
between the German and Dutch groups were considered
by comparing Mann-Whitney U tests results with results
of Analyses of Covariance (ANCOVA) on ranked re-
sponses for each item and scale with age, gender and
years of hospital experience as covariates.

Results

Respondents

Respondent characteristics are presented in Table 1. Of
the 574 respondents, 53% worked in German and 47%
worked in Dutch hospitals. German and Dutch respon-
dents differed significantly on all demographic variables
included (p <0.001). German physicians were signifi-
cantly younger (p<0.001). Dutch nurses were signifi-
cantly more often female (p<0.001), were significantly
older (p =0.002), and had significantly more experience
in the current hospital (p =0.005). Completing the sur-
vey took respondents 16 min on average. The respon-
dents of the two hospitals with the highest number of
responses represented response rates of less than 19%.

Survey results

Results of the survey are presented in Table 2 (AMR
statements) and 3 (AMR prevention measures). Re-
sults compare (i) all respondents (DE-NL), (ii) Ger-
man physicians and Dutch physicians, and (iii)
German nurses and Dutch nurses. Means without
standard deviations are merely used as interpretable
visualisation of differences between groups (i.e. means
closer to one interpreted as disagreement with item
and closer to five interpreted as agreement with item)
and were not used in any calculations. Full results in
the form of percentages per answer category are dis-
cussed in text and can be found in, Additional file 2.
Similarities and differences of Tables 2 and 3 are
summarized in Fig. 1.

AMR problem urgency

Most of the respondents (>59%) perceived AMR as a
problem for the general population, nursing homes, their
hospital and their patients. Dutch respondents scored
higher than German respondents on statements of AMR
being a problem for the general population (p <0.001),
their hospital (p =0.043) and their patients (p =0.002),
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AMR
Similarities DE-NL:

-AMR perceived as a problem
-HCW perceived their contribution to restrain AMR as
limited

Differences DE-NL:

NL

-More optimistic about
their contribution to limit
AMR

-AMR problem more urgent

-Less agreement with the
use of antibiotics in farming
animals as one of the
leading causes of AMR

-More agreement with
following diagnostic and
treatment guidelines

Fig. 1 Antimicrobial resistance (AMR) and AMR prevention measures (APM): similarities and differences between German and Dutch respondents

APM
Similarities DE-NL:

-All APM deemed important to limit AMR
-Nurses perceived to be less equipped for most APM than
physicians

Differences DE-NL:

NL

-APM perceived as more
important

-More equipped for all
APM, except from for
infection control

although German respondents also scored relatively high
(lowest mean importance score is 4.1). Thus, both
German and Dutch respondents perceived AMR as a
problem on various levels, and Dutch respondents do so
slightly more than German respondents.

AMR cause

German respondents scored higher than Dutch respon-
dents on statements of the leading causes of AMR being
the use of antibiotics in farming animals (p <0.001) and
the admission of nursing homes (p =0.006). Dutch re-
spondents scored higher on the statement of the use of
antibiotics by patients (p =0.011) as a leading cause of
AMR than German respondents.

Beliefs about antibiotic use

German respondents scored higher on the statement that an-
tibiotics are prescribed at the request of patients (p <0.001)
and on statements about antibiotic prescriptions
according to guidelines (e.g. antibiotic prescriptions
should be based on lab results (p < 0.001), I am sufficiently
informed about the diagnostic policy (p =0.002), and
broad spectrum antibiotics should not be provided when
there is doubt of an infection (p < 0.001)).

Contribution to limit AMR

Notably, only 19% of all respondents totally agreed that
he/she can sufficiently contribute to limit AMR, and
30% respondents perceive their contribution to limit

AMR as insufficient. This is especially true for nurses
(lower means than physicians in both countries).
German respondents scored higher on the item about
being able to sufficiently contribute to limit AMR than
their colleagues from The Netherlands (p <0.001). This
difference was mainly apparent for nurses, where the
means differed more than for physicians (although both
reached significance).

APM importance

All APM were deemed very important to limit AMR by
most (267%) respondents (see also high importance
means). German respondents scored the importance of
all APM higher than respondents from The Netherlands,
although scores for APM importance were high for both
groups (lowest mean importance of Dutch respondents
was 4.5).

Feeling equipped for APM
German respondents scored also higher on the feeling of
being equipped at their hospital for specific APM (screen-
ing diagnostics p =0.005, infection diagnosis p <0.001,
and treatment p <0.001), although the mean scores did
not differ much between German and Dutch respondents.
Both German and Dutch nurses scored feeling suffi-
ciently equipped lower than physicians (lower mean
scores) for most APM, although this was not statistically
tested. This is less apparent when comparing the means
in both groups (physicians-nurses) for infection control.
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Considering demographic differences

The comparison of unadjusted (Mann-Whitney U tests)
and adjusted (ranked ANCOVA corrected for age, gen-
der and years of hospital experience) test results can be
found in Additional file 3. Of all observed differences
that were significant in the unadjusted analyses, only
three were not significant in the adjusted analyses (1. all
respondents: AMR is a problem in our hospital, 2. physi-
cians: AMR is a problem for the general population, and
3. nurses: one of the leading causes of AMR is the use of
antibiotics by patients).

Discussion

This study aimed to compare German and Dutch HCW
in their perceptions of AMR and prevention measures.
This was done in order to create understanding of the
problem urgency and to learn how HCW perceive their
potential contribution to tackle the AMR problem
through daily work routines. Understanding and com-
paring HCW’ perspectives on AMR and APM between
countries where patient and HCW mobility is promoted,
is essential for safe patient and HCW exchange, and ef-
fective cross-border cooperation.

Differences in HCW’ perspectives on AMR and APM

Especially Dutch nurses felt less able to contribute suffi-
ciently to limit AMR, as reflected in their lower mean
score. The resistance rates of several MDRO are higher
in German hospitals than in Dutch hospitals (e.g. pro-
portion of MRSA/S. aureus from cases of bacteraemia:
DE: 9.1% vs. NL: 1,5% and VRE/E. faecium: DE: 16.5%
vs. NL: 1,4%) [28]. These low MDRO rates are likely a
result of the consistent MRSA ‘search and destroy’ policy
that The Netherlands implemented early and retained
since decades [15, 48], while Germany has shown de-
creasing incidence rates for MRSA over the past few
years by a ‘search and follow’ strategy [49]. Dutch HCW
are likely more aware of the urgency of the AMR prob-
lem, because of the longstanding search and destroy pol-
icy. At the same time, German HCW might be more
optimistic about their possible contribution to limit
AMR, because they handle MDRO more often in daily
practice and — starting from a higher level — the inci-
dence can be decreased more in Germany. Additionally,
this powerless feeling might be attributable to the fact
that, in the Netherlands more than in Germany, AMR
problems at least partially also occur outside of the hos-
pital (e.g. MDRO acquired through traveling, food
chains and animals). This is also represented in the dif-
fering answers on leading causes of AMR [50-55]. Thus,
differences between German and Dutch HCW’ percep-
tions of the AMR problem urgency and potential contri-
butions might be attributable to differences between
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both countries in MDRO hospital incidence and APM
strategies.

AMR awareness

As the awareness in both Dutch and German HCW in
this study is considerably higher compared to similar
studies [40, 56], and because the ongoing EH1H network
project and preceding networks (MRSA-net and Eursaf-
ety network) in this area already contribute to improving
awareness [20, 26], recent and future cross-border AMR
prevention strategies in this region do not primarily
need to target problem awareness to such an extent as is
often suggested for AMR prevention strategies [4]. How-
ever, continuing current efforts to retain awareness of
the AMR problem in- and outside of hospitals (e.g. the
German DART 2020 strategy and the European Anti-
biotic Awareness Day (EAAD)) [57, 58] is recom-
mended, since no short-term solutions are expected to
be found for the complex AMR problems [2, 25].

HCW empowerment

Astonishingly, only few HCW from both countries per-
ceived their contribution to limit AMR as sufficient. Al-
though German respondents felt slightly more optimistic
about their contribution to limit AMR than their Dutch
colleagues, their mean score is far from optimistic (3.5).

Therefore, AMR prevention strategies in both coun-
tries should primarily focus on the awareness of how
HCW can contribute to preventing the (cross-border)
spread of MDRO. Studies have shown that improved
APM over time, which can only be realized by
empowered individual HCW, have led to a regional/
national stabilisation or even reduction of MDRO
prevalence [26, 59, 60].

Special attention is required for empowering nurses in
APM, since nurses are less confident about their role in
diagnostics, diagnosis and treatment, as also reflected in
this study’s results [46, 61-64]. Nurses are the “eyes and
ears” most frequently being in contact with the patient,
and can thereby fastest recognize inadequate or subopti-
mal APM [61, 63, 64]. Empowering HCW starts with
promoting pro-active roles of all HCW in all APM com-
ponents [63]. To empower HCW and specifically nurses,
more coordinated and innovative (e.g. problem-based
learning) approaches to AMR education and communi-
cation are needed, dovetailed to the HCW needs [65—
67]. Furthermore, awareness of HCW’ potential contri-
bution to limit AMR can be improved by measuring and
reporting APM performance and AMR outcomes data,
according to general audit and feedback principles of
quality management [68]. Current surveillance efforts in
both countries (i.e. PREZIES and KISS [69]) are the basis
for reporting such data. Although outcomes (e.g. de-
creased resistance or less infections) are not easily linked
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to individual APM actions, incorporating measurements
on APM performance and outcome data over the long-
term in cyclic learning processes, has shown to improve
HCW’ APM performance [59, 69-71].

Cross-border AMR cooperation

Germany and The Netherlands both have very developed
healthcare systems, but the two systems differ considerably
from one another in organisational, regulatory and financial
structures [72, 73]. Previous studies found that cross-border
healthcare is not yet optimal according to HCW, mainly be-
cause of communication barriers and non-supportive IT
[74-76]. Suboptimal and/or ambiguous communicational
and non-supportive I'T are known barriers within institutions
[46, 77], and will become even more problematic on a na-
tional or cross-border level, because of differences in lan-
guage, taxonomy, and interoperability of IT.

Furthermore, AMR outcomes and APM cooperation
in a cross-border setting are not only influenced by
HCW’ perceptions and actions, but also by the complex
interplay of organisational, regulatory and financial
structures that shape a healthcare system [20]. These
structures are robust, and dealing with them may be
done differently on the level of federal states (“Bundes-
lander”, DE) and provinces (NL), healthcare institutions
and individual HCW. Because of these differences on
various levels within both countries, it is difficult to
synchronize healthcare systems for cross-border cooper-
ation. Comprehending similarities and differences in
healthcare systems and HCW’ perspectives in a cross-
border region is an essential step towards successful
cross-border APM cooperation.

eHealth has the potential to support and improve syn-
chronisation AMR education, communication, and sur-
veillance and performance feedback in a cross-border
region, as has been successfully shown before in AMR
studies [45, 78-81]. By following a participatory, holistic
and human centred approach for eHealth development
and implementation, eHealth has the potential advantage
of being able to adapt to differences in the users’ needs
(e.g. nurse specific needs) and contexts (e.g. national APM
strategies), which is relevant for AMR-cooperation in a
cross-border setting. To fully understand the users’ needs
and contexts, current initiatives that compare AMR and
APM from different perspectives should be continued.
Thereby, knowledge and insights from best practices can
be exchanged, and innovative eHealth approaches can be
developed that ensure the fit between the technology, the
users and the cross-border context [82].

Limitations

This study used a purposive sample of hospitals in the
EUREGIO and thus might not represent other cross-
border regions, since every cross-border region has its
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own healthcare system structure and dynamics and its
own AMR biotope [17, 83].

Response rates were low, even for the two hospitals
that provided the most responses (<19%). This is most
likely attributable to the fact that AMR and APM are
not HCW’ core business. Therefore, only HCW with an
interest in AMR/APM might have participated (i.e. se-
lection bias), which might have influenced the results to
be more positive than they actually are. HCW that do
not have that much AMR/APM experience will likely
answer more negatively on questions such as feeling suf-
ficiently equipped (see e.g. Bjorkman et al., 2010 [41]).
This would mean that our suggested improvements,
such as empowering all HCW in APM, are in reality
even more needed to limit the AMR problem.

Furthermore, German and Dutch respondents varied sig-
nificantly on nearly all demographic characteristics. How-
ever, the analyses adjusted for age, sex and years of hospital
experience showed that only for a small number of ques-
tions the observed differences in HCW’ perspectives could
be (partially) explained by demographic differences.

Other limitations relate to the use of Likert items. Cen-
tral tendency bias might have occurred by respondents
avoiding choosing the extreme response categories (scores
1 & 5) [84]. We do not see this bias reflected in the an-
swers, since respondents scored extreme responses on
questions where we expected mostly positive (e.g. import-
ance of AMR prevention measures) or mostly negative
(e.g. broad-spectrum antibiotics should be provided when
there is doubt of an infection) answers. Social desirability
bias might always have occurred, since most people are
aware that AMR should require special attention (note
that this does not mean that it gets special attention in
daily working routines) [84].

The survey used was based on a validated question-
naire, used elements from health authorities’ recommen-
dations on APM [1, 3-8, 38], and was discussed with
experts in the field of AMR, but was not validated itself.
To be able to use this survey as a tool to compare
HCW’ perspectives between countries or even evaluate
intervention effects, it should be further tested elabor-
ately and validated [84] (see for example Teixeira
Rodrigues, et al. [38]).

Despite these limitations, we do believe that this sur-
vey proved useful for a primary identification of HCW’
perspectives. This study can be seen as an essential step
towards safer patient exchange and improved cross-
border cooperation, since the cross-border AMR prob-
lem has, to our best knowledge, not been studied before
from the HCW’ perspective.

Conclusion
Both German and Dutch HCW are aware of the AMR
problem, but both perceive their influence to limit AMR
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as insufficient. HCW do acknowledge the importance of
APM (i.e. screening diagnostics, infection diagnosis,
treatment and infection control) they perform in their
daily working routines to limit AMR, but do not feel suf-
ficiently equipped to do so. Therefore, AMR strategies
should not primarily focus on emphasizing the relevance
of APM, but should rather focus on empowering HCW
in their working routines by providing them with the
tools, knowledge and skills they need to limit AMR.

Because of robust national healthcare structures, adap-
tive solutions are essential to tackle the challenges
caused by AMR on a regional level. APM should be tai-
lored to work in regional or even local settings, and need
to be implemented by committed HCW. Thus, develop-
ing and implementing (cross-border) APM requires a
comprehensive understanding of the contexts in which
they will be implemented and the people that will exe-
cute the strategies (i.e. HCW). The similarities and dif-
ferences between German and Dutch HCW as found in
this study, can serve as a primary identification of factors
that need to be considered for cross-border APM
cooperation.
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