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Abstract 

Background:  Rational use of antibiotics (AB) and infection prevention and control (IPC) are key measures for reduc-
ing antimicrobial resistance (AMR) in healthcare. Nonetheless, transferring evidence into clinical practice in emer-
gency medicine has proven difficult. The extent to which structural requirements for implementing AMR control exist 
in German emergency departments (ED) was determined in a survey.

Methods:  Aspects of antimicrobial stewardship (AMS) and IPC implementation were surveyed within the German 
Association for Emergency Medicine (Deutsche Gesellschaft interdisziplinäre Notfall- und Akutmedizin e.V, DGINA) in 
2018. Data were collected using an anonymous online questionnaire on ED characteristics, ED-based-link personnel 
for IPC and AMS, education and training, process monitoring and specific requirements for AMS and IPC as availability 
of AMR data and alcohol-based hand rub (AHR) consumption data. Data were analysed descriptively.

Results:  66 EDs with in median [interquartile range (IQR)] of 30,900 [23,000; 40,000] patient visits participated in the 
survey. EDs’ healthcare worker (HCW) received regular training on hand hygiene (HH) in 67% and on AMS in 20% of 
EDs. Surveillance of AHR consumption was performed by 73% EDs, surveillance of AB consumption by 64%. Regular 
audits on HH were performed in 39%. Training and audit activities, showed no significant variations according to 
EDs’ organizational characteristics. HCWs received immediate feedback of HH performance in 29%, in 23% a regular 
structured feedback of HH was provided. ED-based physicians with (1) specific IPC responsibilities and training were 
available in 61%, with (2) AMS training and responsibility in 15%. 83% had ED based IPC link nurses with precise IPC 
responsibilities in place. Essentially resistance data existed at the hospital level (74%) rather than at ED- or regional 
level (15% and 14% respectively).

Conclusions:  Management of AMR varies in German EDs, especially in accordance to hospital size and level of emer-
gency care. IPC seems to receive more attention than AMS. Our data indicate the need for more implementation of 
regular IPC and AMS training in connection with monitoring and feedback in German EDs.
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Background
The global increase of antimicrobial resistance (AMR) 
reduces the effective treatment of infections and has 
a significant impact on patient morbidity and mortal-
ity [1, 2]. Addressing the rising threat of AMR various 
global and national efforts have been initialized [3, 4]. 
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The two key measures in healthcare—the rational use 
of antibiotics and intense infection prevention and con-
trol (IPC) practices—have so far only been inadequately 
addressed in emergency care [5–9]. Particularly in emer-
gency departments (ED), the strict attention of AMR 
is indicated in order to treat patients with an unknown 
multidrug- resistant organism (MDRO) carriage status 
adequately and to limit MDRO spread towards a grow-
ing number of vulnerable in- and outpatients receiving 
intensive diagnostics and therapy. The frequent need for 
in-time decision and administration of antibiotics in the 
ED requires the need for an effective empirical antibi-
otic therapy while avoiding unnecessary antibiotics and 
unnecessary selection pressure.

The fact that, depending on the specialty, up to 80% of 
inpatients are admitted via EDs points to the particular 
importance of EDs as a gateway for MDRO to hospitals 
and reinforces the need for concrete action already in this 
phase of medical treatment [10]. In addition, empirical 
therapy once started in the ED is often continued on the 
wards.

Various factors have been discussed as ED specific bar-
riers to adoption of IPC measures [11, 12]. Barriers cited 
often by staff may more represent potential initial resist-
ance to change rather than real barriers. Recent interven-
tions showed that compliance improvement and even 
the invalidation of myths are possible in this clinical area 
[13–15]. Likewise some successful interventions have 
been described for AMS programmes in the ED [16, 17].

A continuous improvement of best practice realization 
apart from time-limited interventions requires a thor-
ough structure for AMS and IPC. To what extent sup-
porting structural requirements for AMR control exist 
in German EDs was investigated in a survey within the 
network of the German Association for Emergency Med-
icine (Deutsche Gesellschaft interdisziplinäre Notfall- 
und Akutmedizin e.V., DGINA). This article summarizes 
data on findings from 66 EDs.

Methods
Setting
Emergency departments in Germany were invited by 
email via the DGINA-network to take part in the survey 
from June to December 2018. Participation in the survey 
was based mainly on EDs’ interest rather than on a sys-
tematic sampling process.

Data collection
A questionnaire with 11 items regarding IPC implemen-
tation and 9 items regarding AMS implementation was 
developed. Furthermore, data on MDRO screening and 
blood culture (BC) sampling, general characteristics such 

as hospital size, EDs’ allocation, ED physicians’ team 
structure and level of emergency care were collected [18].

All data were provided anonymously by ED directors 
or their deputies and collected via an online-survey (lime 
survey version 2.0).

Consent for participation was implied by completion of 
the survey. Since no patient data were collected and all 
ED characteristics were obtained anonymously, approval 
by the ethics committee was not required.

Data analysis
Descriptive data analysis was performed after check-
ing data plausibility. Continuous data are presented in 
median including interquartile range (IQR); categori-
cal parameters are summarized by percentage. Results 
were summarized as totals and strata of the follow-
ing four organizational parameters: hospital size (< 400 
beds; ≥ 400 beds), level of emergency care (level 1,2,3) 
according to the German Federal Joint Committee 
(G-BA) categories with level 1 representing basic emer-
gency care and level 2 and 3 representing extended and 
comprehensive emergency care, respectively [18]. EDs’ 
attribution to hospital management and ED physicians’ 
team structure (1) a core team consisting of more than 
50% physicians primarily based in the ED (= “mainly core 
team”); (2) teams with more than 50% of medical special-
ists delegated only for a limited time to the ED (= “mainly 
physicians seconded to the ED”). Differences were tested 
by Chi-square or Wilcoxon ranksum test.

Results
355 EDs were invited to participate in the survey, of 
which 66 (19%) from 13 out of 16 German federal states 
participated. With a median [interquartile range (IQR)] 
of 30,900 [23,000; 40,000] patient visits participating 
EDs represent around 2 million patients visits per year. 
The majority of EDs ranked among level of emergency 
care 2 and 3 according to G-BA categories (39% and 42%, 
respectively). EDs in hospitals with less than 400 beds 
were exclusively ranked as GBA category 1 and 2 (42% 
and 58%, respectively) whereas EDs in hospitals with 
more than 400 beds were most often ranked as GBA cat-
egory 3 (60%) (Table 1).

Various ED physicians´ team structures were reported 
from 54 EDs (no data from 12 EDs; Table  1): (1) teams 
with more than half of physicians permanently based in 
the ED (“core team”, 24/54, 44%), (2) teams with more 
than half of medical specialists delegated only for a lim-
ited time to the ED either complemented (14/54, 26%) 
or not complemented (16/54, 30%) by a group (less than 
half ) of physicians permanently based in the ED (latter 
both groups are summarized to one group (”mainly phy-
sicians seconded to the ED”, 30/54,  56%).
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Table 2 summarizes the IPC infrastructure. The major-
ity of respondents reported that ED based link nurses 
with precise IPC responsibilities were available in 83%. 
Correspondent ED based IPC link physicians were 
reported less often by 61%  of the EDs and their availabil-
ity was indicated more often by EDs of larger hospitals 
(> 400 beds) and higher level of emergency care (P < 0.05) 
(Fig. 1).

The majority of EDs (89%) stated accessibility of 
AHR at every treatment place. The WHO model "My 5 
Moments for Hand Hygiene” was part of local IPC guide-
lines in 83%, regular hand hygiene (HH) training at least 
once a year was offered in 67%; HH audits were carried 
out regularly at least once a year in 39% (Fig. 2).

Both, training and audit activities, showed no signifi-
cant variations according to EDs’ level of care or general 
organizational structure. In 29% of EDs performing HH 
audits an immediate performance feedback was pro-
vided; more often in EDs with a physician “core team” 
structure (11/19) compared to those where more than 
50% of ED physicians were delegated for a limited time to 
the ED (7/19; P < 0.05, Table 2). Regular structured feed-
back rounds of audit results were offered in 23%. Sur-
veillance of AHR consumption was indicated by a large 
majority of EDs (73%), EDs’ healthcare worker (HCW) 
received feedback on the consumption data in a similarly 
high proportion (69%).

As shown in Table 3, the majority of EDs surveyed their 
AB use (64%); surveillance of AB use varied significantly 
by hospital size and level of emergency care (P < 0.05) 
(Fig. 1), but not by EDs’ organizational structure. Thirty 
percent of EDs mentioned no AB restriction policy; in 
case of restriction policies AB use was authorized by ED 
head physician or deputy (30%), followed by approval via 
specific prescription and inhibition of restricted antimi-
crobials at the hospital level (both 23%). Availability of 

resistance data varied significantly by level of emergency 
care (P < 0.05). Most often resistance data existed at the 
hospital level (74%) rather than at ED- or regional level 
(15% and 14%, respectively). An AMS expert was present 
at the hospital level in 74% and in 15% at the ED level. 
Regular AMS training was provided at least once a year 
by 20% of EDs, whereas the majority of EDs reported 
irregular training (35%; Fig. 1 and Table 3). Specific train-
ing on diagnostic stewardship was offered by 42% with 
significant variation depending on level of care and medi-
cal team structure (P < 0.05).

Discussion
The study describes the results of a survey on selected 
structural requirements for IPC and AMS as the com-
mon approach for active AMR control. While HH as the 
universal IPC measure for healthcare-associated infec-
tions (HCAI) prevention has been known for decades, 
the evidence for rational antibiotic therapy has been 
shown more recently [19, 20]. Furthermore, HH is often 
primarily perceived as a self-protection measure [21, 
22]. This could explain actual results of a high number 
of EDs providing IPC guidelines, AHR dispensers and 
ED based IPC link personnel and more HH training than 
AMS training. Despite the positive results with regard to 
equipment, it must be stated that effective AMR control 
relies on HCWs’ adherence with various measures and 
that guidelines and equipment alone do not necessarily 
lead to sufficient compliance with best practice [23].

Regular training and education are important in 
order to build up and continuously update HCWs’ 
knowledge on best practice. In addition, regular train-
ing demonstrates the need for individual competence 
and HCWs’ ownership for AMR control. Interestingly, 
with the exception of education for diagnostic stew-
ardship, our data showed no significant differences in 

Table 1  Level of care, allocation and physicians team structure of participating emergency departments (n = 66)

G-BA, German Federal Joint Committee; ED, emergency department, CMO, Chief Medical Officer
a Level of emergency care according to the G-BA categories 1–3 [18]
b Not 100% in total due to rounding

Level of care according 
to the G-BA categoriesa

n (%)

Attribution of ED
n (%)

ED physicians’ team structure
n (%)

Hospital size 1
n = 12

2
n = 26

3
n = 28

Attributed to CMO
n = 52

Attributed 
to clinical 
department
n = 12

No data
n = 2

Mainly core team
n = 24

Mainly physicians 
seconded to the 
ED
n = 30

No data
n = 12

< 400 Beds
n = 19

8 (42) 11 (58) 0 (0) 17 (90)b 0 (0)b 2 (11)b 3 (16) 8 (42) 8 (42)

≥ 400 Beds
n = 47

4 (9)b 15 (32)b 28 (60)b 35 (75)b 12 (26)b 0 (0)b 21 (45)b 22 (47)b 4 (9)b
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training activities in accordance to organizational char-
acteristics as ED physician team structure or ED attri-
bution. Unfavorable team structure is often mentioned 
as a barrier for implementation of best practice in the 
ED. Although recently “emergency medicine” (EM) 
has been implemented as supraspecialty, EM is not yet 

established as an own specialty in Germany and phy-
sicians staffing of German EDs is heterogeneous. Thus, 
continuous training is all the more important and ED 
leaders as well as IPC and AMS experts should rethink 
and intensify regular training offers despite potentially 
inhibiting organizational factors.
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Fig. 1  Proportion of emergency departments (EDs) with specifically trained and responsible ED-based link personnel and surveillance of process 
indicators for infection prevention and control (IPC) and rational antibiotic use (antimicrobial stewardship, AMS) in %, (n = 66). AHR: alcohol-based 
hand rub; G-BA: German Federal Joint Committee [18]. Hospital size (number of acute care beds); < 400 beds (n = 19), ≥ 400 beds (n = 47). Level of 
emergency care according to G-BA categories; Level 1 (n = 12), level 2 (n = 26), level 3 (n = 28). *Differences between size of the hospital: P < 0.05 
(chi-square test). **Differences between level of emergency care according to the G-BA level categories: P < 0.05 (chi-square test)
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Fig. 2  Proportion of emergency departments with regular training and auditing of hand hygiene and training of rational antibiotic use 
(antimicrobial stewardship) in %, (n = 66). Regular training and auditing was defined as “regular, at least once a year”. Hospital size (number of acute 
care beds); < 400 beds (n = 19), ≥ 400 beds (n = 47). Level of emergency care according to the German Federal Joint Committee (G-BA) categories; 
Level 1 (n = 12), level 2 (n = 26), level 3 (n = 28) [18]
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Generally, IPC education and training should be com-
plemented by process verification through monitor-
ing and auditing [24]. Regarding HH, German national 
guidelines recommend at least annual HH education and 
training and a regular evaluation and feedback of HCWs’ 
adherence [25]. An evaluation can take place in various 
ways. A simple way is the collection of AHR consump-
tion data. Even if AHR consumption surveillance does 
not represent the gold standard in obtaining data on 
HCWs’ HH compliance it is a valuable surrogate param-
eter for HH performance and allows internal bench-
marking over time and external benchmarking by taking 
national reference data into account [26]. Our data indi-
cate, that many EDs collect data on AHR consumption. 
This was rather unexpected since beside and independ-
ent from our survey only about 60 German EDs took 
part in the corresponding national surveillance system’s 
module in the year of the survey—compared to 1.320 
ICUs and 1.641 surgical non-ICU wards [27]. EDs which 
collect annual data of AHR consumption may consider to 
share these data and to contribute to more solid reference 
data by participating in the national surveillance system. 
National reference data on AHR consumption showed 
a median of 4 hand disinfection per patient (interquar-
tile range 2; 6) [27]. More data on HH opportunities per 
patient in EDs are needed to interpret this average value 
for ED patients; the result of 4 hand disinfection per 
patient may be sufficient for patients with only very few 
HCW-patient contacts but not sufficient when consider-
ing a higher number of HH opportunities during intense 
patient care [28]. Since patient care provided in EDs 
shows huge varieties, data on AHR consumption should 
therefore be complemented by periodic auditing through 
direct compliance observations for an unequivocal data 
interpretation and to identify concrete gaps in HCWs’ 
adherence with HH [29]. In our survey, less than a half 
of EDs (39%) declared regular audits at least once a year.

An evaluation should be carried out also for AMS 
implementation. Auditing of physicians’ antibiotic pre-
scribing practices may be an option to reduce the number 
of inappropriate prescriptions provided in the ED [30] 
but more commonly and easier to realize is a surveillance 
of AB consumption. Data on consumption are generally 
reported by pharmacists and help to identify concrete 
areas of improvement and to monitor and evaluate the 
impact of AMS interventions. Our data show that con-
sumption data were more often collected in EDs in bigger 
hospitals and with a higher level of care. However, EDs 
should consider working with consumption data inde-
pendently from size and level of care [31].

In addition to AB consumption data AMR data are 
important to support EDs’ AMS activities. The knowl-
edge on AMR contributes to an effective empiric 

antibiotic therapy while taking local resistance into 
account. Concerning the availability of AMR data partici-
pating EDs most often stated the availability of resistance 
data at the hospital level and less often at the regional or 
ED level. Since hospital data may often include a broad 
spectrum of MDRO, hospital AMR data may not be 
applicable to most ED patients and may bear the risk of 
inadequate AB therapy. Thus, resistance data at the ED 
level are more helpful to estimate potential resistances 
in infected ED patients but are not always easily avail-
able. The combination of all data sets is certainly the best 
approach to consider antibiotic therapy for patients with 
community-acquired and with HCAI whereas usable 
regional data may replace ED-based data when these are 
difficult to obtain [32]. Future development and imple-
mentation of validated computer-based clinical deci-
sion support systems, connected to AMR data bases as 
well as to computerized physicians order entry may help 
emergency physicians, who work often under extreme 
time constraints, to decide on a right antibiotic therapy, 
reduce medication errors and thus, increase patients´ 
safety.

All monitored surveillance data on IPC and AMS are 
the basis for further action, e.g. education and train-
ing. Therefore, data should be used for immediate feed-
back at the individual level as well as for a time-delayed 
structured feedback at the team-level. As an example 
for increasing attention, Labricciosa et  al. showed an 
increased awareness for AMR among emergency sur-
geons who were provided with periodic reports on local 
AMR data. In addition, HCWs who were receiving these 
reports considered poor HH more often an important 
cause of AMR [33]. As described by McClung et  al. 
access to performance feedback under the umbrella 
of patient safety is a particularly motivating factor for 
HCW, far stronger than policies or regulatory considera-
tions [34]. Interestingly, in our study HCWs in EDs with 
mainly medical core teams (> 50% of ED physicians based 
permanently in the ED) received more often immediate 
individual performance feedback during audits as HCWs 
in EDs with other medical team structures. Maybe 
these core teams were more open for feedback due to a 
grown team spirit and learning culture over time. Dur-
ing the last years, cultural aspects have been receiving an 
increasing importance in IPC and AMS implementation 
[24, 35]. Assessing department´s safety culture is very 
complex and thus, difficult to assess [36]. But although 
our survey did not directly address cultural aspects in the 
EDs, it might be hypothesized from our results that the 
relationship of medical team structure and reported per-
formance feedback points to favorable management of 
safety culture in these EDs.
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ED-based IPC link nurses and physicians with specific 
responsibilities and training can be supportive for imple-
menting best practice by realizing and communicating 
department-specific characteristics to hospital-based 
AMS and IPC teams or committees and vice versa. Meas-
ures can be adapted and specific solutions can be intro-
duced more sufficiently to local HCWs with the help of 
local link personnel. Ideally, link personnel are not merely 
appointed due to national recommendations [31, 37], but 
are intrinsically motivated and have some extra working 
time to facilitate local interventions as so called “cham-
pions” [38]. Our data show, that more EDs had IPC link 
nurses than IPC link physicians in place but since IPC is 
a topic for all professional groups and should be realized 
department-wide, adequate link personnel should be des-
ignated among nurses and physicians.

The survey is in line with other projects investigating 
the situation in EDs at a broader level [39–41]. Regarding 
these initiatives the necessary improvement of IPC and 
AMS deficits in emergency medicine may not exclusively 
be seen as an individual problem of individual EDs but as 
a general problem in healthcare which requires common 
solutions. EDs may be generally encouraged to prioritize 
AMR challenges and their efforts. Relevant data may 
be considered as standard quality indicators as already 
required in intensive care medicine [42]. To support EDs’ 
improvement locally these indicator and other process 
data should be relevant for hospitals’ infection control 
and or AMS committees and teams. To what extend the 
number of blood cultures represents a useful indicator 
for microbiological testing and diagnostic stewardship in 
EDs has to be further investigated.

As a major limitation of our study, participation was 
based on voluntary motivation rather than on repre-
sentative sampling. Therefore, data are not fully repre-
sentative for Germany and possibly reflect the situation 
in the EDs, which, through their involvement, deal par-
ticularly with the topics of IPC and AMS. Secondly, data 
were obtained by questionnaire and may overestimate 
the situation due to aspects of social desirability. Since 
data were surveyed anonymously data validation was not 
possible, but anonymity was considered with the purpose 
of a higher response rate among invited EDs. A strength 
of the survey is the interdisciplinary approach of ED and 
IPC experts offering a broad perspective on IPC and 
AMS necessity and feasibility in emergency medicine.

Conclusions
To our knowledge, our survey offers a first overview of 
AMR management in German EDs. Despite some meth-
odological limitations the findings demonstrate that there 
is a need for further structural improvement for  AMR 
control in German EDs. Taking into account around 20 

million ED visits in Germany our data should  be a stim-
ulus for further concrete measures, such as intensifying 
training and monitoring in cooperation with hospitals’ 
IPC and AMS teams. Furthermore, process evaluation 
data are needed and should be used for feedback to 
improve adherence with measures and thereby safety of 
care.
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