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Abstract 

Background:  Since May 2016, infection and colonisation with carbapenem non-susceptible Acinetobacter spp. (CRA) 
and Enterobacterales (CRE) have to be notified to health authorities in Germany. The aim of our study was to assess the 
epidemiology of CRA and CRE from 2017 to 2019 in Germany, to identify risk groups and to determine geographical 
differences of CRA and CRE notifications.

Methods:  Cases were notified from laboratories to local public health authorities and forwarded to state and 
national level. Non-susceptibility was defined as intermediate or resistant to ertapenem, imipenem, or meropenem 
excluding intrinsic bacterial resistance or the detection of a carbapenemase gene. We analysed CRA and CRE noti-
fications from 2017, 2018 and 2019 per 100,000 inhabitants (notification incidence), regarding their demographic, 
clinical and laboratory information. The effect of regional hospital-density on CRA and CRE notification incidence was 
estimated using negative binomial regression.

Results:  From 2017 to 2019, 2278 CRA and 12,282 CRE cases were notified in Germany. CRA and CRE cases did not 
differ regarding demographic and clinical information, e.g. proportion infected. The notification incidence of CRA 
declined slightly from 0.95 in 2017 to 0.86 in 2019, whereas CRE increased from 4.23 in 2017 to 5.72 in 2019. The high-
est CRA and CRE notification incidences were found in the age groups above 70 years. Infants below 1 year showed 
a high CRE notification incidence, too. Notification incidences varied between 0.10 and 2.86 for CRA and between 
1.49 and 9.99 for CRE by federal state. The notification incidence of CRA and CRE cases increased with each additional 
hospital per district.

Conclusion:  The notification incidence of CRA and CRE varied geographically and was correlated with the number 
of hospitals.The results support the assumption that hospitals are the main driver for higher CRE and CRA incidence. 
Preventive strategies and early control measures should target older age groups and newborns and areas with a high 
incidence.
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Background
Gram-negative bacteria that are non-susceptible to 
carbapenems pose a significant threat to patients and 
healthcare systems and are a major public health issue 
[1]. In the priority pathogens list of the World Health 
Organization (WHO) carbapenem-resistant Acinetobac-
ter spp. and Enterobacterales are classified as the most 
critical group of bacteria that pose the greatest threat to 
human health [2].

Whereas Acinetobacter spp. is mainly disseminated 
via environmental contamination, Enterobacterales are 
mainly transmitted person-to-person, i.e. via the hands 
of health care workers [3]. These bacteria occur especially 
in hospital settings due to antibiotic use and co-morbid-
ities of the patients, but new studies suggest that also 
non-healthcare associated transmission outside health 
care settings occur [4–6]. Identifying risk groups for car-
riage of carbapenem non-susceptible Acinetobacter spp. 
(CRA) and Enterobacterales (CRE) might guide local 
public health authorities to implement preventive strate-
gies to prevent further spread. Identifying differences in 
geographical distribution of CRA and CRE helps to adapt 
control measures to local situations.

Carbapenem non-susceptibility varies between coun-
tries within the European Union and between bacterial 
species [1, 7]. In many European countries, these resist-
ant bacteria have increased since 2012 and especially 
high levels are reported for Klebsiella pneumoniae and 
Acinetobacter spp. [7–9].

Until 2016, surveillance data on antimicrobial resist-
ance in Germany were only available from the German 
Antimicrobial Resistance Surveillance (ARS) System 
which collects routine data of antimicrobial susceptibility 
testing from voluntarily participating German laborato-
ries [10]. Based on data from ARS, carbapenem non-sus-
ceptibility in K. pneumoniae was present in 0.5% of all 
clinical isolates in 2016 [11]. The percentage of invasive 
carbapenem resistant Acinetobacter spp. was 4.5% in 
2018 [7]. Although Germany has a low proportion of car-
bapenem resistant bacteria, it has been slowly increasing 
over the past years [11].

In 2016, a new comprehensive surveillance for CRA 
and CRE was implemented in Germany to assess the epi-
demiological situation based on nationwide data [12, 13]. 
The mandatory notification requirements include infec-
tion as well as colonisation. These surveillance data focus 
primarily on the epidemiology and do not aim to identify 
what was driving the carbapenem non-susceptibility (i.e. 
causing genes, clonal or plasmid mediated dissemina-
tion). The early identification and notification of cases to 
local public health authorities (LPHA) aims to facilitate 
rapid implementation of control measures to avoid fur-
ther spread.

The aim of our study was to assess the epidemiology 
of CRA and CRE and to identify risk groups for carriage 
of CRA and CRE. A special focus was laid on geographi-
cal differences from 2017 to 2019 in Germany to support 
public health authorities to target infection control meas-
ures locally and nationally and to determine the influence 
of hospitals on CRA and CRE notifications.

Methods
Data and data sources
Notification data
We analysed CRA and CRE notifications from 2017, 
2018 and 2019. Data were extracted from the German 
national surveillance system data base SurvNet@RKI as 
of 01 March 2020 [14, 15]. Pseudonymized case-based 
notification data are available at national level. Collected 
data included demographic, clinical and laboratory 
information, i.e. age, sex, federal state, notification date, 
infection/colonisation, hospitalisation, sample mate-
rial, bacterial species, carbapenemases and outbreak 
information.

Hospital data
Data on hospitals in Germany were available from the 
directory and the basic data of hospitals published by the 
German Federal Statistical Office from 2017 [16, 17].

Case definition
Cases were notified from laboratories to LPHA and elec-
tronically forwarded to state and national public health 
authorities (Robert Koch Institute, RKI). Cases were for-
warded to state health authorities usually by the LPHA 
responsible for the permanent address of the patient.

At LPHA level, CRE or CRA cases were categorised 
according to the case definition issued by RKI [18]. The 
case definition required a laboratory confirmed infec-
tion or colonisation with Acinetobacter spp. or Entero-
bacterales by culture or PCR with non-susceptibility to 
at least one carbapenem. Non-susceptibility was defined 
as an intermediate or resistant phenotype to ertapenem, 
imipenem, or meropenem in antimicrobial suscepti-
bility testing or detection of a carbapenemase gene. 
Intrinsic bacterial resistance towards carbapenems was 
disregarded. Intrinsic non-susceptiblity to ertapenem 
was assumed in Acinetobacter spp., Enterobacter spp., 
Citrobacter spp. and Klebsiella aerogenes, intrinsic non-
susceptibility to imipenem was assumed in Morganel-
laceae and Serratia marcescens [19, 20]. Enterobacter 
spp., Citrobacter spp. and Klebsiella aerogenes are often 
non-suscepible to ertapenem. In Enterobacterales non-
susceptibility to ertapenem is often caused by other 
mechanisms than carbapenemases and overexpres-
sion of AmpC-β-lactamases results in non-susceptible 
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isolates [21, 22]. As the EUCAST (European Commit-
tee on Antimicrobial Susceptibility Testing) changes in 
interpretation of susceptibility categories did not affect 
the screening practices for carbapenemases, this did not 
affect the notification of CRA and CRE.

If CRA or CRE were repeatedly identified in the same 
patient, a new notification had to be forwarded for every 
admission to hospital or after three months for outpa-
tients. Colonisation or infection with multiple CRA or 
CRE should result in multiple notifications. Thus, one 
case does not necessarily represent one patient.

Case definition for CRA and CRE according to RKI 
[23]:

A case has to be forwarded to RKI if it fulfils the follow-
ing requirements:

•	 Direct detection of the bacteria with

o	 Culture or nucleic acid detection

•	 AND
•	 Detection of carbapenem non-susceptibility or 

detection of a carbapenemase with

o	 Antimicrobial susceptibility testing or detec-
tion of a carbapenemase gene

Analyses
The completeness of data was determineded by the pro-
portion of missing information for administrative, demo-
graphic, clinical and laboratory details.

To assess the epidemiological situation, cases of CRE 
and CRA were described by their demographic, clinical 
and laboratory characteristics over time. The notifica-
tion incidence (the number of notified cases per 100,000 
inhabitants) per age group (< 1, 1–9, 10–19, 20–29, 
30–39, 40–49, 50–59, 60–69, 70–79, 80 + years), sex and 
federal state was calculated.

To test the hypothesis that areas with a high hospital 
density have a higher notification incidence, we com-
pared the notification incidence of hospitalised CRE and 
CRA cases with the number of hospitals and hospital 
beds in each district using negative binomial regression 
accounting for population. A district is the administra-
tive unit with responsibility of one LPHA in Germany. 
Hospitals were divided in general hospitals (non-uni-
versity hospitals) and university hospitals as classified 
in the directory of hospitals in Germany. The analysis 
was repeated with all notified cases irrespective of hos-
pitalisation status. We calculated the number of notified 
hospitalised cases and the number of cases per 10,000 
treated inpatients and per 1000 patient-days for each fed-
eral state. A p-value (p) below 0.05 was defined as statisti-
cally significant.

Data analysis was performed using Stata® version 
15.1 (Stata Corp, Texas, USA) and Microsoft Excel 2010 
(Microsoft, Washington, USA). Graphical illustrations 
were created using Regiograph Analyse (GfK, Nurnberg, 
Germany).

Data protection and ethics
CRA and CRE notification data were collected within the 
legal framework of the Protection against Infection Act. 
In this paper only aggregated data are shown. Therefore, 
no data protection declaration or ethics committee vote 
was necessary.

Results
In total, 2278 carbapenem non-susceptible Acinetobac-
ter spp. (CRA) and 12,282 carbapenem non-susceptible 
Enterobacterales (CRE) were notified in Germany from 
2017 to 2019 (Fig. 1). The number of CRA notifications 
was stable over this time period, whereas the number of 
CRE notifications increased from 2017 to 2019. Of 2102 
CRA and 11,100 CRE with information, carbapenem 
non-susceptibility was determined primarily with cul-
ture-based antimicrobial susceptibility testing in 97.9% 
(n = 2057 and n = 10,869, respectively).

Data completeness
Completeness of data was similar in CRA and CRE cases 
and varied between 100.0 and 57.3% over the three-years 
period depending on notified variables. Information 
on demographics had the highest proportion of com-
pleteness (100.0%). Clinical information, e.g. if a patient 
was colonised or infected (69.7%), and data on micro-
biological results, e.g. if a test for carbapenemases was 
performed (57.3%), was reported less often (Additional 
file 1).
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Fig. 1  Number of CRA (n = 2278) and CRE (n = 12,282) notifications, 
Germany, 2017–2019
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Epidemiology of CRA and CRE
Demographics
CRA and CRE cases had a similar median age of 66 years 
and 68  years, respectively (Table  1). More men than 
women were notified with CRA (66%) and CRE (62%). 
These demographics did not change in the study period.

Most CRA and CRE cases were observed in the age 
groups from 50  years onwards (Fig.  2). For both males 
and females, the highest notification incidences were 
found in the age group of 70 to 79 years and over 80 years 
in CRA and CRE, respectively. Additionally, among CRE 
cases, infants below 1 year of age showed a high notifica-
tion incidence, but the number of cases was low in this 
age group. In most age groups, males were more often 
affected than females. In 2019, three CRE cases were 
notified as diverse gender in the age groups < 1  year, 
20–29 years and 70–79 years, respectively.

Clinical and laboratory information
The proportion of hospitalised CRA and CRE cases was 
similar (90% and 91%, respectively) (Table  1). Infants 
below one year and cases aged 50 years and above had a 
higher proportion of hospitalisation (95% and 91%) than 
other age groups (75–88%). In total, 35% of CRA and 33% 
of CRE cases were notified as being infected with the 
respective bacterium. Of all notified cases, 34 CRA cases 
(1.49%) and 83 CRE cases (0.68%) the infection resulted 
in the death of patients according to the reported data. 
The proportion of cases belonging to an outbreak was 
higher in CRA (5–8%) than in CRE (2–3%). Most notified 
CRE outbreaks were caused by Klebsiella pneumoniae.

Bacterial species
In CRA cases, the most common notified species 
belonged to Acinetobacter baumannii-complex (93%), 
followed by Acinetobacter spp. without differentiation to 
species level (5%) (Fig. 3). In CRE cases, Klebsiella pneu-
moniae was reported in 35% of cases, followed by Escher-
ichia coli (19%) and Enterobacter cloacae-complex (16%). 
These distributions did not change over the study period 
(Additional file 2).

CRE were more often detected in screening samples 
than CRA (48% and 39%, respectively). If detected in clin-
ical samples, CRA were reported in wound swabs in 40% 
followed by respiratory material in 33% of cases; whereas 
CRE were reported in urine in 42% followed by wound 
swabs in 23% of cases. In the group of carbapenem non-
susceptible “Enterobacterales, other”, 23 Yersinia spp. and 
10 Shigella spp. were notified.

Carbapenemases
From 2017 to 2019, it was specified whether a test for 
carbapenemase genes was performed in the laboratory 
on average for 51% of CRA and for 52% of CRE cases 
with an increasing trend over the years. If a test was per-
formed, a carbapenemase was detected in 89% of CRA 
cases and 75% of CRE cases. The most common detected 
carbapenemases in CRA were OXA-23, OXA-51 (ISAba1 
upstream of blaOXA-51-like) and OXA-40/-72 (Fig. 4). The 
most common detected carbapenemases in CRE were 
OXA-48-like, VIM and NDM.

Table 1  Demographic, clinical and laboratory information of notified CRA (n = 2278) and CRE (n = 12,282) cases, Germany, 2017–2019

Characteristic Cases 2017 2018 2019 2017–2019

n/N % n/N % n/N % n/N %

Male sex CRA​ 514/786 65.4% 517/780 66.3% 464/710 65.4% 1495/2276 65.7%

CRE 2186/3522 62.1% 2424/3966 61.1% 2958/4742 62.4% 7568/12,230 61.9%

Median age in years (IQR) CRA​ 66 (53;75) 66 (51;76) 67 (54;77) 66 (53;76)

CRE 67 (52;77) 68 (55;78) 68 (55;77) 68 (54;77)

Hospitalisation CRA​ 664/742 89.5% 646/730 88.5% 595/660 90.2% 1905/2132 89.4%

CRE 3030/3332 90.9% 3380/3735 90.5% 4023/4462 90.2% 10,433/11,529 90.5%

Infection CRA​ 193/499 38.7% 196/607 32.3% 179/523 34.2% 568/1629 34.9%

CRE 744/2129 34.9% 938/2939 31.9% 1113/3450 32.3% 2795/8518 32.8%

Carbapenemase test performed CRA​ 226/331 68.3% 353/415 85.1% 353/410 86.1% 932/1156 80.6%

CRE 1193/1505 79.3% 1756/2101 83.6% 2410/2796 86.2% 5359/6402 83.7%

Carbapenemase detected CRA​ 201/226 88.9% 316/353 89.5% 310/353 87.8% 827/932 88.7%

CRE 925/1193 77.5% 1290/1756 73.5% 1813/2410 75.2% 4028/5359 75.2%

Part of an outbreak CRA​ 62/787 7.9% 38/780 4.9% 37/711 5.2% 137/2278 6.0%

CRE 85/3440 2.5% 88/3934 2.2% 104/4670 2.2% 277/12,044 2.3%
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Geographical distribution
The notification incidence of CRA and CRE differed 
by federal state (Fig.  5). The overall notification inci-
dence of CRA declined slightly in the study period 
with 0.95 (2017), 0.94 (2018) and 0.86 (2019) notifica-
tions per 100,000 inhabitants. The lowest CRA inci-
dence was notified from Saarland (0.10 in 2017) and the 

highest from Berlin (2.86 in 2017). The overall incidence 
of CRE  increased from 2017 to 2019 with 4.23 (2017), 
4.80 (2018) and 5.72 (2019) notifications per 100,000 
inhabitants. The lowest CRE incidence was notified from 
Lower Saxony (1.49 in 2018) and the highest from Hesse 
(9.99 in 2019).
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Correlation between notification incidence and health care 
structure
The number of hospitals ranged from 0 to 79 hospitals 
per district (Additional file 3).

The number of notified hospitalised CRA cases was 
0.33–0.36 per 10,000 inpatients in Germany. This varied 
between federal states from 0.00–0.95 cases/10,000 inpa-
tients. From 2017 to 2019, 0.01 hospitalised CRA cases 
per 1000 patient-days were notified each year. This varied 
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from 0.00–0.02 cases/1000 patient-days per federal state. 
The number of hospitalised CRE cases per 10,000 inpa-
tients increased over the years from 1.66 in 2017 to 
1.87 in 2018 and 2.22 in 2019. This varied between fed-
eral states from 0.31 to 4.28 cases/10,000 inpatients. In 
CRE, 0.02 cases per 1000 patient-days were notified in 
2017, 0.03 in 2018 and 2019. This varied from 0.00–0.06 
cases/1000 patient-days per federal state.

Districts with university hospitals had a higher notifica-
tion incidence of hospitalised CRA [Incidence Rate Ratio 
(IRR): 1.74, 95% Confidence Interval (CI): 1.29–2.34, 
p < 0.01] and CRE cases [IRR: 1.71, 95% CI: 1.33–2.19, 

p < 0.01] than districts without university hospitals. In 
the univariable analysis the notification incidence of CRA 
and CRE cases was significantly positively correlated with 
the number of general hospitals, university hospitals and 
hospital beds per district (Additional file 4). In the mul-
tivariable analysis number of hospitals and hospital beds 
were positively correlated with the notification incidence 
of CRA and CRE, but not all were statistically significant 
(Table  2). CRA incidence increased by 2–3% with each 
additional hospital and by 24–47% with each additional 
university hospital. CRE incidence increased by 0.5–0.8% 
with each additional hospital and by 40–64% with each 

Fig. 5  Notification incidences of a CRA (n = 2278) and b CRE (n = 12,279), by federal state, Germany, 2017–2019
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additional university hospital. The repeated analyses 
including all notified cases irrespective of hospitalisation 
status revealed similar results (data not shown).

Discussion
We described the epidemiology of carbapenem non-sus-
ceptible Acinetobacter spp. (CRA) and Enterobacterales 
(CRE) that were notified in Germany from 2017 to 2019.

The notification incidence was 0.95, 0.94 and 0.86 for 
CRA and 4.23, 4.80 and 5.72 for CRE in 2017, 2018 and 
2019, respectively. Whereas the notification incidence of 
CRA decreased over the study period, the notification 
incidence of CRE increased by 35%. This is in accordance 
with the finding that the proportion of carbapenem non-
susceptible K. pneumoniae increased in Germany in the 
last years [11]. Comparison with data from other states 
is difficult as surveillance systems, test strategies, access 
to healthcare and clinical routine differ substantially. A 
study in the United States found an annual notification 
incidence rate of CRE infections of 2.93 per 100,000 pop-
ulation in 2012, but included certain infections only and 
did not include colonisations [24].

Median age of notified CRA cases was 66  years and 
of CRE cases 68  years. The age and gender structure of 
notified cases reflect that of hospital patients in Ger-
many [25]. High CRA and CRE incidences were found 
in patients over 70  years and for CRE in infants under 
one year of age. Among the older age groups, men were 
more affected. This is in accordance with the literature 
and emphasizes that hospitalisation might be the main 
driver of CRA and CRE [26]. The notification incidence 
of CRE in infants below one year of age might also be 
elevated because of the recommended screening of new-
borns for certain bacteria in neonatal intensive care [27]. 
This is supported by the finding that 86% of cases below 
one year of age were reported to be colonised. In all age 
groups, most cases were colonised with CRA or CRE, 
but about a third of cases had an infection. Death due to 
the notified illness should be interpreted with caution as 
it is unknown if and how LPHA follow-up on cases and 
underreporting with huge regional variation is assumed.

The most common reported bacteria were Klebsiella 
pneumoniae and Acinetobacter baumannii-complex. 
The most common reported carbapenemase in CRE was 
OXA-48 and in CRA OXA-23. Both results are in accord-
ance with the findings of the National Reference Centre 
for Multidrug-resistant Gram-negative bacteria (NRC) in 
Germany [28]. The NRC receives isolates sent voluntar-
ily from diagnostic laboratories to confirm carbapenem 
non-susceptibility.

The notification incidence of CRA and CRE varied 
geographically with the highest notification incidence 
in the federal states of Berlin, Hamburg and Hesse. The 

geographical variation could be due to different screen-
ing practices in health care facilities, a better reporting 
compliance in these federal states or because of a real 
higher occurrence of these bacteria. German hospitals 
are encouraged to standardise their screening practices 
according to the recommendations of the Commis-
sion for Hospital Hygiene and Infection Prevention 
(KRINKO), but screening practices might differ between 
hospitals [29]. Enhanced surveillance due to active sur-
veillance in outbreak situations could also increase the 
incidence. Hamburg and Berlin are two city states with 
big university hospitals. Berlin published outbreaks with 
extended-spectrum β-lactamase producing Enterobacte-
rales and CRE in 2016 [30, 31]. Hesse had implemented 
a mandatory notification for carbapenem non-suscepti-
ble Gram-negative bacteria already in 2011, therefore it 
seems possible that reporting compliance might be bet-
ter established than in other federal states [32]. Within 
the notification data, the district (unit of one responsi-
ble LPHA) is mainly allocated according to the patient’s 
permanent address and does not necessarily represent 
the place of exposure. A local study showed that almost 
60% of cases notified from the laboratory to the LPHA 
in the district of Frankfurt (Hesse) were not residents in 
Frankfurt [33]. These cases might have been forwarded 
to national level by the LPHA responsible for the district 
of residence of the patient and would therefore be allo-
cated to another district than the one where the expo-
sure occurred. We did not include place of exposure in 
our analysis, as only less than 1% of cases (n = 95/14,560) 
reported place of exposure.

Mean yearly notification incidence per 1000 patient-
days was 0.01 for CRA and 0.03 for CRE. In international 
studies the notification incidence of carbapenem non-
susceptible Gram-negative bacteria varied from 0.007 to 
35.2 per 1000 patient-days, but these studies included 
Pseudomonas aeruginosa and high risk areas only, but 
often did not include colonisation [34–37].

As transmission of CRA and CRE occurs mostly 
within healthcare settings, one would assume that 
the number of notifications is highest in areas with a 
high hospital density and therefore more hospitalised 
patients [4]. We could support this finding; hospitals 
and hospital beds increased the notification incidence 
of CRA and CRE. This is in line with our finding that 
more often hospitalised age groups show a higher noti-
fication incidence. Whereas the notification incidence 
of CRA seems to be linked to the number of hospi-
tals and hospital beds more generally, the incidence of 
CRE seems to be linked to university hospitals. This is 
in accordance with an analysis of carbapenem non-sus-
ceptible Klebsiella pneumoniae in Germany that identi-
fied highly specialised hospitals and intensive care units 
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as risk factors [11]. The association between hospital 
type and the incidence of CRA notifications was not 
significant for year-wise but for cumulative analyses. 
Therefore, the small sample size in university hospitals 
and CRA cases might have led to a false non-signifi-
cant result. Additionally, intensified infection preven-
tion measures and antimicrobial stewardship programs 
in university hospitals impact the transmission within 
the hospital and might decrease the notification inci-
dence. Nonetheless, the impact of hospitals might be 
underestimated because place of exposure could not be 
analysed. This could impact especially university hos-
pitals as those specialised units have large catchment 
areas and cases might be allocated to their district of 
residence. Complicated and difficult to treat cases are 
often referred to highly specialized and university hos-
pitals. These cases often have a prolonged healthcare 
journey and were more exposed to healthcare settings. 
Furthermore, specialized and university hospitals might 
have a more intensive screening strategy in place. The 
directory of hospitals includes every hospital in Ger-
many irrespective of number of beds. This finding might 
also lead to an underestimation of the association of 
the notification incidence and general hospitals. Geo-
graphical differences in health care seeking behaviour 
might impact the number of hospitalised patients and 
the notification incidence of CRA and CRE, although a 
significant association between the social deprivation 
index and the proportion of carbapenem non-suscep-
tible Klebsiella pneumoniae in Germany could not be 
shown [11]. Hospitalisations in Germany differ region-
ally due to demographic and social structure, urbanisa-
tion, population density, and health status and supply of 
hospital beds impacts hospital utilisation (supply-sensi-
tive care) [38]. This should be investigated further. It is 
known that CRE are also spread in the community, but 
data on community-acquired CRE are scarce [39, 40]. 
As health care structure also reflects social structure 
and population density, this may especially influence 
the notification incidence of CRE. As university hospi-
tals might have intensified surveillance programs, the 
strong association of the number of university hospi-
tals and the notification incidence of CRE might reflect 
a much higher incidence of CRE within the commu-
nity. The national recommendation which risk groups 
should be screened in hospital does not differ for CRA 
and CRE. Bias due to systematic differences in targeted 
risk groups of screening for these two bacterial groups 
is therefore not assumed. Nonetheless, screening prac-
tices and the association between highly specialised 
clinics and the notification incidence of CRA and CRE 
should be investigated further on hospital level. The 
analysis should be repeated with notification data from 

the following years to decide whether the geographi-
cal differences of CRE and CRA cases remain stable. 
Whether other highly specialised hospitals show a simi-
lar association as university hospitals, could not be ana-
lysed with the available data.

There are several limitations to this study. Complete-
ness of information in the surveillance system is crucial 
to verify, analyse and interpret notification data. The 
initial notification from laboratories to LPHA contains 
usually demographic as well as laboratory information. 
Additional data, such as clinical information, have to be 
investigated by the LPHA and the results of specific labo-
ratory tests, such as the test for carbapenemases, is often 
added to the initial notification at a later time. Although 
most variables were 75% or more complete, there were 
missing values in particular with regards to infection sta-
tus and test for carbapenemases. This additional informa-
tion was often incomplete. This limits the generalisability 
of these study results. LPHA as well as hospital and labo-
ratory staff members are encouraged to share informa-
tion in a timely manner and work closely together. The 
information investigated by the LPHA should be entered 
into the notification software and forwarded to national 
level. Several notifications might have been forwarded 
for one patient so one case does not necessarily represent 
one patient. The number of CRA and CRE cases per inpa-
tients and patient-days as well as local risk factors should 
be investigated and monitored on hospital level. This will 
be important to assess and support local preventive con-
trol measures.

Conclusion
This is the first report on CRA and CRE notifications 
in Germany since mandatory notification was estab-
lished. The notification incidence of CRA and CRE var-
ied geographically and was correlated with the type and 
number of hospitals and hospital beds per region.The 
results support the hospital as main driver of CRE and 
CRA. Whereas CRA seems to be correlated more gen-
erally with hospital density, CRE seems especially to be 
impacted by university hospitals. Both vulnerable groups, 
the elderly and the infants below one year of age, should 
be especially targeted when implementing infection con-
trol measures. In areas with a high incidence targeted 
preventive strategies and early control measures should 
be reviewed and adapted to prevent further spread. Geo-
graphical differences should be investigated further to 
exclude variation in testing and/or notification proce-
dures. Furthermore, the impact of underestimation of 
cases should be investigated. We also encourage molec-
ular surveillance of CRA and CRE to better understand 
and prevent transmission.
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