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Table 1: CR-GN notification and surveillance case definition

Introduction
Carbapenems are important therapeutic agents for
treating infections caused by multidrug-resistant Gram-
negative bacteria [1]. A common mechanism of car-
bapenem resistance is acquisition of hydrolytic enzymes
(carbapenemases) inactivating beta-lactams [2]. Most
carbapenemases are plasmid mediated, and have been
mainly reported in Enterobacteriaceae, Pseudomonas
aeruginosa and Acinetobacter baumannii [3]. The spread
of carbapenem-resistant Gram-negative bacteria (CR-GN)
is a threat to healthcare delivery [3], [4], [5], [6].
In 2011, the European Centre for Disease Prevention and
Control (ECDC) published two reports on the spread of
carbapenemase-producing Enterobacteriaceae which
recommended making all clinical cases of carba-
penemase-producing Enterobacteriaceae (CRE) notifiable
to public health authorities [7], [8]. Mandatory CRE report-
ing can allow for a better understanding of the changing
CRE burden and can help facilitate intervention [9].
CR-GN are not notifiable under the German Protection
against Infection Act [10]. However, nosocomial outbreaks
involving at least two infections are notifiable. In addition,
the German Protection against Infection Act allows State
authorities to extend reporting requirements.
Hesse is one of the 16 German federal states, with a
population of 6.1 million, subdivided into 26 counties. In
November 2011, identification of Gram-negative bacilli
with acquired carbapenem resistance became notifiable
in Hesse [11]. The purpose of reporting and surveillance
was 1) to prevent transmission of CR-GN within or among
healthcare facilities, 2) to identify outbreaks and potential
sources or sites of ongoing transmission, and 3) to better
characterise the epidemiology of CR-GN. However, as
available information on the occurrence of CR-GN in
Hesse was scarce, data to be notified to local public
health authorities (LPHA) and data to be forwarded to the
state public health authority (SPHA) was limited to labora-
tory notification data until 8 April 2013, when case
definitions and reporting requirements were changed.
Here we report on CR-GN notified between 1 January
2012 and 8 April 2013.

Methods

Reporting procedure

Laboratories were required to notify CR-GN that meet the
notification criteria within one day to LPHAs, and LPHAs
were required to forward case-based data within one
week to the SPHA. Data to be forwarded to the state level
– and presented here – included demographic character-
istics of the patient, specimen type, date of specimen
receipt at the laboratory, diagnostics carried out, labora-
tory results (including antibiogram), and unique identifier
within the LPHA.

Case definition

In March 2012, notification and surveillance case defini-
tions were issued (Table 1). Only notifications which met
these definitions were included in the analysis.

Analysis

Weextracted from the Hessian CR-GN database all cases
notified between 1 January 2012 and 8 April 2013. We
counted as CR-GN isolates notifications of the first isolate
– identified at species level – per patient. Data were ex-
tracted as of 2 August 2013. We assigned cases to one
of four multidrug-resistant organism (MDRO) network re-
gions (North, Centre, Rhine-Main and South) based on
their residence. Patients not residing in Hesse were as-
signed to the MDRO region in which the treating hospital
was located. To avoid double counting patients not
residing in Hesse and reported by a different LPHA to the
state level, we compared all notifications with previously
reported patients for month and year of birth and gender.
Where necessary, we asked LPHA for clarification. Popu-
lation data were provided by the Hesse Statistical Office.
We compared proportions using the Pearson chi-square
test and calculated 95% confidence intervals (CI) for in-
cidence rates and incidence rate ratios (IRRs). In addition,
we report data on notified CR-GN outbreaks. Data analysis
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Table 2: Number of CR-GN isolates reported in Hesse, Germany, by species and MDRO-region, 1 January 2012 – 8 April 2013

was carried out with STATA (StataCorp LP, United States,
version 12.1).

Results
From 1 January 2012 to 8 April 2013, notifications of
549 CR-GN isolates forwarded to the SPHA met one of
the case definitions. Of these, 67.0% (368) were P. aeru-
ginosa, 10.8% (59)K. pneumoniae, 9.7% (53) A. bauman-
nii, 5.1% (28) Enterobacter spp. (18 E. cloacae,
9 E. aerogenes and 1 E. sakazakii), 3.6% (20) E. coli, and
3.8% (21) other CR-GN (Table 2).
The 549 CR-GNwere isolated from525 patients. Of these,
20 patients (3.8%) harboured two different CR-GN spe-
cies, and two patients (0.4%) three different CR-GN isol-
ates. Of the 525 patients, 495 (94.3%) had their perman-
ent residence in Germany (German residents). Fifteen
(3.0%) of the German residents and seven (23.3%) of the
non-German residents harboured two or more CR-GN
(p<0.001). The proportion of patients with permanent
German residence differed by species (Pearson chi-square
test: p<0.001) and was lowest for A. baumannii complex
(Table 3).
Nine percent of CR-GN isolates (49 of 549) were from
specimens taken from ambulant patients. Of these,
39 were P. aeruginosa and 10 non-P. aeruginosa isolates,
respectively, so that the proportion of P. aeruginosa isol-
ates from outpatients among all P. aeruginosa isolates
(10.6%; 39/368) was significantly higher (p=0.05) than
that of the non-P. aeruginosa isolates (5.5%; 10/181).
Fifteen CR-GN isolates (2.7%) were recovered from blood,
two (0.4%) from cerebrospinal fluid. Of the 15 CR-GN
isolated from blood, four were Enterobacter spp. and nine
P. aeruginosa. The proportion of isolates recovered from
blood was highest for Enterobacter spp. (<0.001)
(Table 3).
The incidence of all CR-GN species combined differed by
MDRO network region. It was highest in the Centre
(9.7 per 100,000 population/year, 95% CI 7.9–11.8 per
100,000 population/year) and the Rhine-Main region
(8.5 per 100,000 population/year, 95% CI 7.4–9.6 per
100,000 population/year) and lower in the North (4.5 per
100,000 population/year, 95% CI 3.4–5.9 per 100,000
population/year) and South (4.2 per 100,000 popula-
tion/year, 95% CI 3.1–5.6 per 100,000 population/year).

Annual incidences of all reported cases, by species and
MDRO region, are shown in Table 4. Species-specific in-
cidences were highest for K. pneumoniae in the Rhine-
Main region, for E. coli and Enterobacter spp. in the
South, and for A. baumannii complex and P. aeruginosa
in the Centre. When compared to the remaining three
MDRO regions, only incidences for K. pneumoniae
(IRR=1.8, 95% CI 1.0–3.0) in the Rhine-Main region and
for P. aeruginosa (IRR=1.8, 95% CI 1.4–2.2) in the Centre
were statistically significantly different. However, 13
(18.6%) of the 70 reported CR-GN in the North were K.
pneumoniae compared to 46 (9.6%) of 479 reported in
the remaining three MDRO regions (p=0.02).
Seventy-three (13.3%) CR-GN were found to harbour a
carbapenemase. Among carbapenemase-producing isol-
ates, the majority were K. pneumoniae (n=23), followed
by P. aeruginosa (n=20), A. baumannii (n=8), E. coli (n=7),
A. guillouiae (n=1), K. oxytoca (n=1), and Serratia
marcescens (n=1). One K. pneumoniae, isolated from a
patient with residence in Cyprus, harboured two car-
bapenemases: VIM-1 and KPC-2.
Reported carbapenemases in the different species were
as follows: inK. pneumoniae (n=24), 11 OXA-48, 4 VIM-1,
4 NDM-1/-6, 2 KPC-2, 2 KPC-3, and 1 VIM-2; in A. bau-
mannii (n=19), 18 OXA-23, 1 OXA-72; in P. aeruginosa
(n=20), 10 VIM-2, 7 VIM-1, 1 GES-14, 1 IMP, and 1 VIM;
in E. coli (n=7), 4 OXA-48, 1 GES-20, 1 NDM-1/-6 and
1 VIM-2; in Enterobacter cloacae (n=1), 1 OXA-48; in
Serratiamarcescens (n=1), 1 VIM-4; in A. guillouiae (n=1),
1 OXA-58; in K. oxytoca (n=1), 1 KPC-3.
VIM-type carbapenemases predominated in the North
(10 of 13 notified carbapenemases). Of the 10 VIM-type
carbapenemases reported from the North, nine were
VIM-1. Nine of the 11 VIM-type carbapenemases reported
from the Rhine-Main region were VIM-2. NDM-type car-
bapenemases were notified only in the Rhine-Main region
(5 of 38 notified carbapenemases).
Results of the antimicrobial susceptibility testing, as re-
ported by the testing laboratory (mixed CLSI and EUCAST
standards), for the threemost frequently reported CR-GN
K. pneumoniae, A. baumannii, and P. aeruginosa isolates
are presented in Table 5. During the study period, six
nosocomial CR-GN outbreaks were notified, involving 2 to
5 patients (Table 6).
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Table 3: Characteristics of CR-GN isolates reported in Hesse, Germany, by species, 1 January 2012 – 8 April 2013

4/8GMS Infectious Diseases 2014, Vol. 2, ISSN 2195-8831

Hauri et al.: Results on the mandatory notification of carbapenem- ...



Table 4: Annual incidence (cases per 100,000 population) of all reported CR-GN-isolates, by species and MDRO-region, Hesse,
Germany, 1 January 2012 – 8 April 2013

Table 5: Antimicrobial susceptibility of reported K. pneumoniae, A. baumannii and P. aeruginosa isolates, Hesse, Germany,
1 January 2012 – 8 April 2013
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Table 6: Number of patients in reported nosocomial outbreaks, by species, Hesse, Germany, 1 January 2012 – 8 April 2013

Discussion
This is the first report describing population-based surveil-
lance of CR-GN and carbapenemases in Germany. Previ-
ously, outbreaks of carbapenemase-producing Gram-
negatives, first time identifications of specific car-
bapenemase-types, and interhospital transmissions had
been reported for Germany [12], [13], [14], [15], [16].
Data of the present study describe the widespread pres-
ence of CR-GN and a high diversity of identified car-
bapenemases in Hesse. Of the reported CR-GN, 67.0%
were P. aeruginosa, while Enterobacteriaceae represented
a far smaller fraction of all reported CR-GN. Prevalence
of CR-GN and identified carbapenemases appeared to
be uneven among regions. These regional differences
occurred in the absence of major outbreaks of infection.
In this study, the proportion of patients non-resisdent in
Germany ranged from 3% for patients with P. aeruginosa
to 30% for patients with A. baumannii. These different
proportions of patients with non-German residence may
suggest that autochthonous transmissions play a different
role for the different CR-GN species.
The successive increase of weekly reports during the first
half of 2012 should not be interpreted as a corresponding
increase in prevalence of CR-GN but rather due to the
expected introduction phase of any new notification re-
quirements. Nevertheless, the ongoing first time notifica-
tion of new patients is well in line with the expected
spread of CR-GN.Many of the patients colonised or infect-
ed with CR-GN are hospitalised for prolonged periods or
readmitted repeatedly. Duration of colonisation is pro-
longed for CR-GN and clearance of colonisation occurs
infrequently [17]. This underlines the need for the imple-
mentation of control measures to limit their spread.
In October 2012, the National Commission for Hospital
Hygiene and Infection Prevention (KRINKO) issued recom-
mendations on hygiene measures for patients infected
or colonisedwithmultidrug-resistant Gram-negative bacilli
[18]. These recommendations include, among others,
the screening for high-risk patients and suggest rectal
swabs (and, where appropriate, wound and urine) as
specimens for Enterobacteriaceae and skin, and mouth
and throat swabs for A. baumannii. In this study, the
clinical significance of the notified isolates can only be
assumed from the site of specimen collection as no in-
formation on reasons for specimen collection (e.g.

screening) or clinical symptoms were available. Data on
the proportion of colonised patients who develop clinical
symptoms during a hospital stay is still limited, although
available data suggest differences by species [18]. Sys-
tematic screening is necessary to identify CR-GN introduc-
tions into a hospital [19]. With the successive introduction
of systematic screening, the proportion of clinical isolates
undoubtedly obtained from infected patients (e.g. patients
with isolates recovered from blood or cerebrospinal fluid)
among all notifications should further decrease.
Antimicrobial susceptibility data reported to LPHAs were
generated at individual institutions rather than a central
laboratory, and testingmethodologies (and susceptibility
interpretation) vary between facilities. Also, the proportion
of isolates with resistance should be interpreted with
caution due to the small number of antimicrobial suscep-
tibility results available for some of the species/antibiotic
combinations; e.g. the 12% resistance to colistin of
A. baumannii is based on 4 resistant isolates. Neverthe-
less the antimicrobial susceptibility data presented por-
tray an extendedmultidrug-resistance among the notified
CR-GN, even among antibiotic classes not listed in the
notification criteria.
Nine percent of CR-GN isolates were from specimens
taken from ambulant patients. Eighty percent (39/49) of
CR-GN isolates first notified from the ambulant sector
were P. aeruginosa. Many of these patients were treated
in hospital-associated cystic fibrosis outpatients depart-
ments. Laboratories handling mostly specimens from
ambulant patientsmay not test for antibiotics which need
to be administered parenterally, such as carbapenems.
Data from population-based surveillance in the U.S.A.
suggested most carbapenem-resistant Enterobacteri-
aceae clinical isolates came from cultures collected out-
side of hospitals from patients with substantial health-
care exposure [9]. This suggests that in Hesse, underde-
tection and underreporting of CR-GN may be even more
pronounced in the ambulant sector. Underdetection and
underreporting of CR-GN also need to be consideredwhen
evaluating the burden of CR-GN for the health-care sys-
tem.
Autochthonous transmissions may explain the regional
differences in incidence of CR-GN and identified car-
bapenemase-types. However, several additional factors
may be relevant in explaining these differences: Screening
procedures differ between hospitals and laboratory pro-
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cedures and reporting practices vary between laborator-
ies. Hospitals treat patients from CR-GN endemic coun-
tries with different frequencies and some hospitals have
country-specific focuses. In addition, differences may
have occurred by chance.
There are several limitations to our surveillance. Firstly,
this is a passive surveillance system relying solely on
laboratories to notify CR-GN positive specimens using the
reporting criteria. Underreporting is a typical feature of
passive surveillance systems. Secondly, different labora-
tories used different antimicrobials and methods (e.g.
CLSI and EUCAST) for their susceptibility testing. Thirdly,
availability of molecular identification and typing of car-
bapenemases is limited to a few laboratories. Molecular
typing for the reported CR-GNwas incomplete and region-
al species-specific differences in performing molecular
typing may explain the observed regional differences in
carbapenemase detection. In addition, we had no infor-
mation on how laboratories selected isolates for molecu-
lar typing and on how many isolates were tested. How-
ever, all laboratories have the possibility of forwarding
CR-GN for molecular typing to the national reference
centre free of charge. In addition, epidemiological data
(e.g. travel outside Germany) on the patients was not
systematically collected or forwarded to the state level.
Nevertheless, LPHAS used notifications to discuss control
measures, e.g. with acute and chronic care hospitals.
In April 2013, the reporting requirements were amended
to conform to themultidrug resistance definition for Gram-
negative bacteria of the National Commission for Hospital
Hygiene and Infection Prevention (KRINKO) [18]. For
P. aeruginosa, notification requirements were restricted
to CR-GN isolated from blood and liquor. In addition, in-
tensified surveillance was initiated.
In conclusion, this population-based surveillance de-
scribes the widespread presence of CR-GN and a high
diversity of identified carbapenemases in Hesse, Ger-
many. Regional differences in laboratory and reporting
procedures likely contribute to the described differences
in CR-GN occurrence. Nevertheless, the data suggest
autochthonous transmissions and regional differences
in incidence for the different species and car-
bapenemases, even in the absence of major outbreaks
of infection. Consequently, efforts for infection control
need to be intensified. Laboratory capacities, including
in the ambulant sector and for molecular testing, should
be strengthened.
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