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days. Incidence density of MRGN infections bacteria was 
0.58 per 1,000 patient days (CRO 0.15/1,000 patient days).
Conclusions  To date, CRO are common in German ICUs 
and the relatively large proportions of ICU-acquired CRO 
and infections emphasize their potential to cause outbreaks. 
High MRGN infection rates and high ESBL prevalence 
data from clinical studies suggest a lack of MRGN identifi-
cation in asymptomatic carriers.
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Introduction

According to the WHO’s global report on surveillance of 
antimicrobial resistance issued April 2014, the world is on 
the verge of entering a post-antibiotic era. However, the 
exact magnitude of the problem at both population and 
global levels is unclear and needs to be clarified. Current 
and reliable data are required to determine the scope of the 
problem, to systematically monitor trends and to inform 
and evaluate containment efforts [1].

In the last years, multidrug-resistant Gram-negative 
(MRGN) organisms have emerged as a major challenge in 
the care of hospitalized, and especially critically ill, patients 
[2]. Infections with carbapenem-resistant organisms (CRO) 
are particularly dangerous, as only few treatment options 
remain for patients and outcomes are generally poor [3, 
4]. Participation in surveillance systems to measure and 
compare frequencies of bacterial resistance is essential to 
understand the extent of emerging and established multi-
drug-resistant organisms (MDRO) infections. However, 
most surveillance data available present proportions of 

Abstract 
Purpose  Standardized prevalence and incidence data on 
carbapenem-resistant organisms (CRO) and, as a relevant 
subgroup, carbapenem-resistant Enterobacteriaceae (CRE) 
are scarce. CRO-surveillance within the German nosoco-
mial infection surveillance system (KISS) aims to provide 
epidemiological surveillance data on CRO colonizations 
and infections.
Methods  CRO-surveillance is part of a KISS-module for 
the surveillance of multidrug-resistant organisms (MDRO). 
MDRO-KISS methods require surveillance of all patients 
admitted to the ward and standardized documentation of 
imported and ICU-acquired cases. Data on all MDRO-
carriers including colonization and infection with MDRO 
are collected. All presented data were routine data collected 
from January 1st 2013 until December 1st 2013 in accord-
ance with the German Protection against Infection Act 
(IfSG).
Results  341 ICUs submitted data on MDRO during the 
first year. In total, 5,171 cases of multidrug-resistant Gram-
negative bacteria (MRGN) were identified. 848 were CRO 
(16  %). 325 CRO-cases were acquired within the ICU 
(38  %), and 373 CRO-patients had an infection (44  %). 
CRO-prevalence was 0.29 per 100 patients. Acquisition 
rate of MRGN was 1.32 per 1,000 patient days. This rate 
is more than doubled the acquisition rates of other MDRO 
under surveillance within MDRO-KISS (0.57 MRSA, 0.49 
VRE). CRO-acquisition rate was 0.3 per 1,000 patient 
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resistant bacteria among tested isolates from routine test-
ing at laboratories [1] which do not reflect the relative fre-
quency of colonizations and infections with MDRO in the 
targeted patient population. True prevalence and incidence 
data are rare and require standardized methodology.

A voluntary method for the surveillance of healthcare-
associated infections in Germany, the Krankenhaus-Infek-
tionen-Surveillance-System (KISS), was established in 
1997. In 2013, 1,403 hospitals in Germany participated in 
at least one KISS-module.

Several KISS-modules are designed to support MDRO-
surveillance in different healthcare settings at the hospital 
and at the ward level. In response to the increase of MRGN 
(mainly ESBL-producers) in the general community and 
their growing diversity, the KISS-module for MDRO-sur-
veillance in ICUs was revised. In contrast to former ver-
sions, the new MDRO-KISS allows for standardized sur-
veillance of MRGN antimicrobial susceptibility data and 
production of beta-lactamases including carbapenemases.

Launched in January 2013, the primary objective of 
MDRO-KISS is to alert relevant stakeholders to the inci-
dence trends of MDRO at a ward level.

The purpose of this report is to describe the prevalence 
of introduced and the incidence of ICU-acquired MRGN 
and CRO reported to the revised ICU-based module for 
MDRO-surveillance within KISS. Data on Methicillin-
resistant Staphylococcus aureus (MRSA) and Vancomy-
cin-resistant Enterococcus (VRE) will be presented for 
comparison.

Methods

MDRO‑KISS methods

To determine the prevalence of CROs and other MDROs 
we analysed data reported to MDRO-KISS from January 
1st 2013 through February 15th 2014. The KISS database 
has been used for surveillance purposes for 17 years and 
its general methodology has been described previously 
[5]. Briefly, after completing KISS training, healthcare 
personnel collects and reports data on a monthly basis 
using standardized methods and definitions specific to the 
KISS-module selected. For the MDRO-module, at least 
1 month of data per year must be submitted to maintain 
active status in KISS. Patients in the selected wards are 
monitored for colonization or infection with 1–3 types of 
MDRO: MRSA, VRE or MRGN. Microbiology data are 
provided by the hospitals’ clinical microbiology labora-
tory. Methodology for organism identification and anti-
microbial susceptibility testing may vary between dif-
ferent laboratories, which are expected to adhere to ISO 
20776-1 and to European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) standards, German anti-
microbial susceptibility norms DIN 58940 [6] or to Clini-
cal and Laboratory Standards Institute (CLSI) standards. 
MRGN are classified according to guidelines from the 
national committee for infection prevention (KRINKO) 
[7] situated at the German public health Institute (Rob-
ert Koch Institute, RKI). Enterobacteriaceae, Acineto-
bacter spp. and Pseudomonas spp. are classified accord-
ing to their sensitivity into four classes of antimicrobial 
substances: acylureidopenicillins, 3rd and 4th generation 
cephalosporins, quinolones and carbapenems. Roughly, 
MRGN resistant to the first three antimicrobial classes 
are labelled 3MRGN, those with additional carbapenem 
resistance are labelled 4MRGN (CRO). Compared to the 
previous MDRO classification system based on the mech-
anism of resistance this is a new approach, as less resist-
ant organisms are excluded from surveillance. If avail-
able, data on the production of beta-lactamases including 
Amp C, extended-spectrum beta-lactamases (ESBL) and 
carbapenemases (Klebsiella pneumoniae-carbapenemase, 
Metallo-beta-lactamases and OXA-48) are also collected. 
The annual participation in a questionnaire survey on 
screening policies and alert systems at the end of the year 
is compulsory.

Multidrug-resistant organisms carriage is considered 
to be ICU acquired if the microbiological sample is taken 
more than 72 h after admission to the ICU and the patient 
was not known to be colonized or infected with the MDRO 
previously. Infections are identified using standardized 
definitions that combine laboratory and clinical criteria 
and require antimicrobial treatment. Patient days from the 
selected wards are collected as denominator data.

Patient data are collected and stored anonymously and 
in accordance with national guidelines for data protection. 
All data collected by MDRO-KISS and included in this 
study were obtained during routine surveillance required by 
the German Protection against Infection Act (Infektionss-
chutzgesetz, IfSG) [8]. According to 23 of the IfSG, hospi-
tals and clinics for ambulatory surgery are obliged to sys-
tematically collect and analyse data on hospital-acquired 
infections (HAIs) and antimicrobial-resistant patho-
gens. Ethical approval and informed consent are thus not 
required.

Statistical analysis

For participating ICUs and all reported MDRO, absolute fre-
quencies and distributions were described by ICU and hos-
pital types, sizes, and regions. Mean and median incidence 
densities of MDRO-cases per 1,000 patient days with the 
interquartile ranges (IQR) and the proportions of introduced 
and ICU-acquired cases were calculated from pooled data 
of all ICUs for all MDRO types. We calculated summary 
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measures of select MDRO by organism type and ICU origin. 
Differences between ICUs were compared across MDRO 
types by means of the χ2 test for independence. Statistical 
significance was determined at a p value of 0.05.

Results

In total, 341 ICUs from 247 hospitals submitted data on 
MDRO during the first year. 330 ICUs submitted data for 
MRGN, 340 for MRSA and 319 for VRE. Basic character-
istics for the 341 participating ICUs/hospitals are presented 
in Table 1. The majority of hospitals (n = 187, 76 %) par-
ticipated with a single ICU, 18  % (n  =  44) participated 
with 2, and 6 % (n = 16) with more than 2 ICUs. 51 ICUs 
(15 %) reported to have an established active surveillance 
screening for MRGN, in contrast to 121 (36 %) for MRSA 
and 26 (8 %) for VRE.

In total, 5,171 cases of multidrug-resistant Gram-nega-
tive bacteria (MRGN), 4,853 MRSA cases and 1,235 VRE 
cases were identified. Among the MRGN, 16 % were CRO 
(n = 848). 58 % of KISS ICUs (n = 199) identified cases 
of CRO infection or colonization and 25 % infection or 
colonization with carbapenem-resistant Enterobacteriaceae 
(CRE, n = 84).

Total prevalence of MDRO is shown in Fig. 1, admission 
prevalence and acquisition rates are shown in Table 2. 28 
% of the MRGN (n = 1457) and among these 38 % of the 
CRO-cases (n = 325) were acquired within the ICU.

37 % of the MRGN (n = 1929) and 44 % of the CRO-
patients (n = 373) had an infection, see Fig. 2. Infections 
were pneumonia (n = 687, 36 %), urinary tract infections 
(n = 518, 27 %), surgical site infections (n = 266, 14 %), 
bacteremia (n = 168, 9 %), bronchitis (n = 121, 6 %), skin 
infections (n = 141, 7 %) and others (n = 161, 8 %). CRO 
were mainly Pseudomonas spp. (n =  516, 61 %), mostly 
Pseudomonas aeruginosa (n  =  493, 58 %), followed by 
CRE (n = 212, 25 %) and Acinetobacter spp. (n = 120, 14 
%) dominated by Acinetobacter baumannii (n  =  115, 14 
%). CRE were mainly Klebsiella pneumoniae (n = 108, 51 
%), Escherichia coli (n = 27, 13 %) Enterobacter cloacae 
(n = 24, 11 %) and Enterobacter aerogenes (n = 19, 9 %), 
see Fig. 3.

In total, 81 carbapenemases were identified, 25 OXA-
48 (15 K. pneumoniae, 6 A. baumannii, 2 E.coli, 1 K. oxy-
toca, 1 Pseudomonas spp., respectively), 36 KPC (24  K. 
pneumoniae, 5 P. aeruginosa, 2 A. baumannii, 2  K. oxy-
toca, 2 Pseudomoans spp., 1 E. cloacae) and 20 MBL 
(17 P. aeruginosa, 1 K. pneumoniae, 1 P. mirabilis, 1 A. 
baumannii).

Table 1   Basic characteristics of participating intensive care units 
(ICU)

ICU intensive care unit

Parameter Category No. %

ICU No. 341 100

ICU type Surgical 62 18.18

Internal medicine 50 14.66

Interdisciplinary 180 52.79

Other 49 14.37

Hospital type Academic teaching hospital 130 52.63

Other 97 39.27

University hospital 20 8.10

Hospital size (No. of beds) 247 100

≤400 137 55.47

>400 110 44.53

Region North 35 14.17

South-east 49 19.84

South-west 38 15.38

East 56 22.67

West 69 27.94

CRO
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

MRGN MRSA VRE

Number of 
MDRO per 100 

pa�ents

MDRO Mul�drug-resistant organisms
MRGN Mul�drug-resistant Gram-nega�ve organisms
CRO       Carbapenem-resistant organisms
MRSA    Methicillin-resistant Staphylococcus aureus
VRE        Vancomycin-resistant Enterococcus

Fig. 1   Incidence density of ICU-acquired infections

Table 2   MRGN and CRO rates 
compared with MRSA and VRE

Rates MRGN CRO MRSA VRE

Total prevalence (per 100 patients) 1.78 0.29 1.60 0.43

Admission prevalence (per 100 patients) 1.28 0.18 1.39 0.24

ICU-acquired MDRO incidence (per 100 patients) 0.66 0.13 0.33 0.14

Incidence density ICU-acquired cases (per 1,000 patient days) 1.32 0.30 0.57 0.49

Incidence density ICU-acquired infections (per 1,000 patient days) 0.58 0.15 0.20 0.20
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ICUs from large hospitals with more than 400 beds 
reported almost twice the number of MRGN (ID 5.5 vs. 2.9, 
p < 0.001) and more than twice the number of CRO as ICUs 
from small hospitals (ID 0.94 vs. 0.41, p  <  0.001). Inci-
dence densities of MRGN and CRO in eastern (ID = 11.5; 
2.0) and western (ID  =  14.4; 1.9) Germany more than 
doubled that of northern (ID = 4.3; 0.8) and south-eastern 
(ID = 4.0; 0.6) regions (all p values < 0.001). The largest 
proportion of participating units were from south-western 
Germany with the lowest MRGN (ID  =  0.85) and CRO 
(ID = 0.15) incidence densities (p < 0.001).

Discussion

Multidrug-resistant Gram-negative organisms cause almost 
three times as many HAIs in German ICUs as MRSA, and 

CRO alone have almost caught up with this number one 
HAI causing antimicrobial-resistant pathogen [2, 9]. This is 
particularly worrying as clinicians are increasingly forced 
to utilize carbapenems to treat patients with serious Gram-
negative infections, which has laid ground for a greater 
prevalence of carbapenem-resistant Enterobacteriaceae 
species [10–12]. Although the total number of MRSA 
cases is similar, MRGN appear more likely to cause infec-
tions, which is at least partly caused by an underreporting 
of MRGN colonizations rather than a higher pathogenicity 
of MRGN. However, total numbers of MRGN infections 
reported by extensively trained infection control personnel 
with longstanding experience in the surveillance of noso-
comial infections certainly qualify as credible data. Moreo-
ver, MDRO infections treated or requiring immediate anti-
microbial treatment highlight the necessity of preventive 
infection control measures.

Admission prevalence of MRGN from clinical sam-
ples obtained at admission almost equals, and total MRGN 
prevalence surpasses MRSA. Active surveillance screening 
for MRGN at admission is still scarce and MRGN are often 
only identified by clinical sampling, so MRGN prevalence in 
ICUs may be considerably higher than KISS results suggest.

Current MRGN prevalence data are hard to find as the 
new German MRGN classification system was only imple-
mented in 2013 [7]. Available ESBL data from high-risk 
settings indicate that colonization rates in ICUS range from 
3 to 17 % [13–16] and up to 27 % in long-term care facili-
ties [17]. In contrast to MRGN, these data include ESBL-
producing isolates susceptible to quinolones. Since 2013 
German microbiologic laboratories are not obliged to label 
ESBL-producing bacteria which do not classify as MRGN. 
Future comparisons of European and international ESBL-
frequencies on the one hand and German MRGN on the 
other hand will be even more difficult.

CRO
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Fig. 2   Total prevalence of MDRO

Fig. 3   Distribution of CRO 
species

Pseudomonas spp. 
61%

Acinetobacter 
spp.  14% Klebsiella

pneumoniae
13%  

E. coli , 3%
E. cloacae, 3%

Others, 6%
(each <3%)

Pseudomonas spp.

Acinetobacter spp.

Klebsiella pneumoniae

Escherichia coli

Enterobacter cloacae

Enterobacter aerogenes

Enterobacter spp

Proteus mirabilis

Klebsiella oxytoca

Serra�a marcescens

Other MRGN

Citrobacter freundii

CRE 25%



167Prevalence of CRO and other Gram-negative MDRO

1 3

Prevalence data for CRO are scarce. A point-prevalence-
survey among 773 patients in 98 ICUs from October 2012 
to February 2013 in Saxony, a federal state in the east of 
Germany, detected a CRO-prevalence of 1.2 % (n  =  9) 
[16] by means of active surveillance screening, four times 
as many cases as reported from KISS-participants. Nota-
bly, the study was initiated by the Saxon State Ministry of 
Social Affairs and Consumer Protection following a large 
outbreak of infections with Klebsiella pneumoniae produc-
ing KPC-2 at one hospital in Saxony [18]. However, only 
2 of the identified CRO were genetically related to the 
outbreak.

As adherence to specific susceptibility breakpoints is not 
compulsory in Germany, classification of MRGN according 
to resistance phenotype may vary depending on the suscep-
tibility breakpoints applied [19]. There are important differ-
ences between susceptibility breakpoints proposed by the 
German DIN and EUCAST on the one hand and CLSI on 
the other hand [20] so that data may not be comparable. Data 
from the national network for the surveillance of antimicro-
bial resistance at the RKI (ARS) suggest that the majority 
(86 %) of 21 participating laboratories have changed meth-
odology in the past three years from CLSI to EUCAST [21].

Another issue is the phenotypic susceptibility of bacte-
ria that contain antimicrobial resistance determinants, e.g. 
a KPC or MBL gene. The true incidence of resistance may 
be underestimated by surveillance systems that report only 
resistant isolates [19]. German microbiological laboratories 
are required to report carbepenem-susceptible pathogens 
that harbour carbapenemases as 4MRGN (CRO). However, 
only few KISS-participants reported identification of car-
bapenemases, as probably many of the designated micro-
biological laboratories have not yet established routine 
specific testing for carbapenemases. The German national 
reference centre for MRGN reported 3,156 CRO in 2013 
from ICUs and Non-ICUs including 1,237 carbapenemase-
producers [22] which indicates an underreporting of car-
bapenemases to the KISS-system. Thus, the proportion of 
carbapenemase-producing organisms (CPO) among CRO 
in Germany remains unknown.

Large university hospitals reported significantly more 
MDRO-cases than smaller hospital types, which is not sur-
prising as these hospitals often treat patients at a higher risk 
for MDRO carriage. Among 35 large university hospitals 
in Germany, 20 participated in MDRO-KISS, so this group 
is clearly overrepresented. MDRO incidence in ICUs from 
eastern and western Germany is more than doubled that of 
northern and southern regions, corroborating prior KISS 
data [23].

KISS is designed to allow for nationwide surveillance 
of hospitals, but as a voluntary system it does not cover all 
German ICUs. ICU-beds from MDRO-KISS-participants 
in 2013 represent 17 % (n = 4,423) of all 26.162 ICU-beds 

in Germany [24]. Extrapolation of MDRO-KISS-data sug-
gests approximately 30,000 MRGN and 5,000 CRO-cases 
in all German ICUs in 2013, which is a low estimate con-
sidering the lack of active surveillance screening for MRGN. 
Extrapolated MDRO-KISS infection data would imply 1,453 
MRGN infections and 305 CRO infections in German ICUs.

Limitations

We acknowledge that data retrieved from voluntary KISS-
participants may bear the risk of selection bias as ICUs 
may engage in KISS for a reason, e.g., prolonged outbreaks 
or high MDRO rates. Non-representativeness and biased 
sampling are important pitfalls for the interpretation and 
comparison of results [1]. However, an analysis of repre-
sentativeness of surveillance data within ICU-KISS in 2010 
found infection rates of ICU-KISS to be representative for 
German ICUs [25]. Moreover, MDRO data collected on a 
voluntary basis and published in aggregate form only guar-
antee certain credibility, as hospitals do not have to fear 
damage for their reputation. KISS comprises the largest 
group of German ICUs contributing a broad range of data 
to a standardized surveillance system of MDRO.

Conclusions

High MRGN infection rates and high ESBL prevalence 
data from clinical studies suggest a lack of MRGN iden-
tification in asymptomatic carriers. In light of increasing 
numbers of carbapenem-resistant or even pan-resistant 
organisms, credible data on MRGN colonization rates are 
urgently needed. Current data indicate a massive underre-
porting of CRO, which may only be overcome by legisla-
tive means, for example, mandatory admission screening. 
The data presented here provide a benchmark for the com-
parison of German MRGN prevalence data and to analyse 
the impact of infection control policies.
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