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SUMMARY

A prospective surveillance system for extended-spectrum beta-lactamase-producing Escherichia

coli (ESBL-E) and ESBL-producing Klebsiella spp. (ESBL-K) was implemented in 39 German

hospitals with the aim of determining the incidence densities (IDs) of community-onset and

hospital-onset cases and of identifying risk factors for high IDs of hospital-onset cases. During

2008, 2081 ESBL-E/K cases were documented. ESBL-E cases (n=1330, 63.9%) were more

common than ESBL-K cases (n=751, 36.1%), but a higher proportion of ESBL-K cases (59%)

than of ESBL-E cases (39.5%) were hospital-onset cases. The mean IDs were 0.54 (range 0–2.53)

per 1000 patient-days for all ESBL-EK cases, 0.29 (range 0–1.81) per 1000 patient-days for

community-onset ESBL-EK cases and 0.25 (range 0–1.82) per 1000 patient-days for hospital-

onset ESBL-EK cases. Regression analysis showed a linear association between the IDs of

community-onset and hospital-onset cases. The wide dissemination of ESBL-E and ESBL-K

emphasizes the need for hospital-wide surveillance to guide control measures.
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INTRODUCTION

Production of extended-spectrum beta-lactamases

(ESBL) in Enterobacteriaceae has been associated

with a delay in effective treatment and increased mor-

tality [1]. Nosocomial transmission and hospital out-

breaks caused by these bacteria have been reported

[2, 3], but there is also evidence that ESBL-produc-

ing Enterobacteriaceae, especially ESBL-producing

Escherichia coli, are emerging in the community [4, 5].

ESBL-producing Enterobacteriaceae have been iso-

lated from different environments such as food,

animal farms and sewage [6] as well as from different

human populations such as healthy carriers, house-

hold contacts of infected patients, nursing-home resi-

dents and international travellers [7–10].

The prevalence of ESBL-producing Entero-

bacteriaceae has been increasing worldwide and has

been recognized as an emerging public health concern

[11–14]. Third-generation cephalosporin resistance

in E. coli and Klebsiella pneumoniae as a marker for

ESBL production has also shown a substantial in-

crease in German intensive care units (ICUs) during

recent years [15, 16] ; however, the mode and extent of

the hospital-wide spread of these ESBL-producing

bacteria remains unclear.
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A hospital-wide surveillance system for ESBL-

producing E. coli, K. pneumoniae and K. oxytoca was

implemented in 39 German hospitals starting in 2007.

The aims of this study were to use the data gathered in

2008 in order to determine the extent of spread and

the incidence densities (IDs) of ESBL-producing bac-

teria in hospitals and to analyse influencing factors by

means of a linear regression analysis.

METHODS

Surveillance of ESBL-producing Enterobacteriaceae

Surveillance of all cases of ESBL-producing E. coli,

K. pneumoniae and K. oxytoca was performed by

trained infection control personnel in 39 hospitals

of a hospital group located in 39 cities throughout

Germany. Thirty-one hospitals were acute care hos-

pitals and eight hospitals were rehabilitation hospitals.

Data from each hospital were submitted to a central

database. Data were collected from all hospitalized

patients.

Definitions

An ESBL-E/K case was defined as a patient with any

type of culture positive for ESBL-producing E. coli

(ESBL-E) or ESBL-producing Klebsiella spp.

(ESBL-K) recovered during the hospital stay or as a

patient known to be a carrier of these bacteria on

admission. Every patient was counted only once dur-

ing his hospital stay regardless of the number of

positive cultures.

Each case was differentiated between community-

onset and hospital-onset based on a temporal defi-

nition. A community-onset case was defined as a

case with known carriage of ESBL-E/K on admission

or with the first culture positive for these bacteria

within 48 h of admission. Patients were considered

carriers on admission if they had a history of

previous colonization or infection with ESBL-

E/K and had written evidence of a positive culture

result.

A hospital-onset case was defined by the first cul-

ture positive more than 48 h after admission. All cases

occurring between 1 January and 31 December 2008

were included in the analysis. Denominator data on

the number of patient-days in 2008 were extracted

from hospital administration systems. The patient-

days of ESBL-E/K cases were not excluded from the

denominator.

Statistical analysis

The numbers of cases were determined for all

ESBL-E/K cases and the subcategories community-

onset cases, hospital-onset cases, ESBL-E cases and

ESBL-K cases. Incidence densities/1000 patient-days

(pd) for these case categories were calculated for each

hospital and mean and median IDs with 25% and

75% quartiles were calculated from the pooled

data of all hospitals. In addition, the proportions of

community-onset and hospital-onset ESBL-E and

ESBL-K cases were determined and tested for sig-

nificant differences with Fisher’s exact test.

To analyse the association between the outcome

‘ID of hospital-onset ESBL-E/K cases ’ and the ID

of community-onset ESBL-E/K cases (categorized

into four groups by the quartiles f25%/>25%,

50%/>50%, 75%/>75%) and structural variables

such as type of hospital (acute care hospital or re-

habilitation hospital), hospital size (<400 or o400

beds) and presence of an ICU in the hospital, a mul-

tiple linear regression analysis was performed. The

structural variables were intended to provide a proxy

measure for the intensity of care provided in the

hospitals. To achieve normal distribution, the IDs of

hospital-onset ESBL-E/K cases were log-transformed.

The regression coefficients were converted to measures

of effect using an exponential transformation and

referred to as the multiplicative effect (ME) of the

categories of ID of community-onset ESBL-E/K cases

and structural variables. All parameters were included

in the full model. From this model, parameters with

the smallest x2 value and Po0.05 were excluded step-

wise until theP values of all parameters included in the

model were <0.05. Similar linear regression analyses

were performed for the outcome ‘ID of hospital-onset

ESBL-K cases ’ and the outcome ‘ID of hospital-onset

ESBL-E cases ’ including the same structural variables

as described above and the variables ID of com-

munity-onset ESBL-K cases or ID of community-

onset ESBL-E cases in the same categorization,

respectively. For all tests a P value of<0.05 was con-

sidered significant. All analyses were performed with

SPSS version 18.0 (IBM Corporation, USA).

Control measures

Hand disinfection according to the indications of the

WHO ‘Clean care is safer care’ campaign and the

German national hand hygiene campaign was pro-

moted in all hospitals during the period of analysis

[17]. For ESBL-E/K carriers, contact precautions,
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i.e. wearing single-use gloves and gowns during

patient care were implemented in all participating hos-

pitals ; however, patients carrying ESBL-producing

Enterobacteriaceae were not isolated in single rooms.

No systematic admission screening for ESBL-pro-

ducing Enterobacteriaceae was performed in any of

the hospitals and no restrictions were placed on anti-

biotic use.

RESULTS

Thirty-nine hospitals with 3836449 pd performed

surveillance of ESBL-E/K cases and submitted com-

plete data for analysis to the central database. The

hospital size in this group ranged from 25 to 1401

hospital beds and 24/31 acute care hospitals had an

ICU. A total of 2081 ESBL-E/K cases occurred in

these hospitals in 2008, of these 1930 (92.7%) cases

were in the 31 acute care hospitals and 151 (7.3%)

cases in the eight rehabilitation hospitals. ESBL-E

(1330 cases, 63.9%) was more common than ESBL-K

(751 cases, 36.1%), including 666 cases of ESBL-

producing K. pneumoniae and 85 cases of ESBL-

producing K. oxytoca. In total, 1113 (53.5%)

ESBL-E/K cases were community-onset cases, while

968 (46.5%) cases were hospital-onset cases accord-

ing to the definitions. The mean and median numbers

of all ESBL-E/K cases and of the different sub-

categories with 25% and 75% quartiles and the re-

spective IDs with 25% and 75% quartiles are shown

in Tables 1 and 2. The numbers of ESBL-E/K cases

of individual hospitals reported for 2008 varied sub-

stantially with a range from a minimum of 0 cases

to a maximum of 224 reported cases. Of the seven

hospitals that did not observe any cases, five were

rehabilitation hospitals and two were acute care

hospitals, but none of these hospitals had more than

250 beds. The IDs ranged from 0 to 2.53 cases/1000 pd

for all ESBL-E/K cases and from 0 to 1.82 cases/

1000 pd for hospital-onset ESBL-E/K cases (Table 2,

Fig. 1).

Multiple linear regression analysis showed that the

IDs of community-onset cases were independently

associated with the IDs of hospital-onset cases in all

three models (Table 3). In addition, in the model

including ESBL-K cases as well as in the model in-

cluding ESBL-E cases the variable ‘hospital with

>400 beds’ was an independent protective factor for

the outcome ID of hospital-onset cases (Table 3).

There were differences between ESBL-E and

ESBL-K in the distribution of community-onset

and hospital-onset cases. While a higher proportion

of ESBL-E cases were community-onset cases, a

higher proportion of ESBL-K cases (59.0%) than of

ESBL-E cases (39.5%) were hospital-onset cases

(P<0.001).

DISCUSSION

Surveillance of multidrug-resistant pathogens such as

ESBL-producing Enterobacteriaceae in hospitals is

the basis for analysis of risk factors and the im-

plementation and evaluation of control measures

[18, 19]. The described hospital-wide surveillance sys-

tem for ESBL-E/K documented 2081 ESBL-E/K

cases in 39 hospitals in 2008. The analysis of these

cases showed a higher proportion of ESBL-E cases

compared to ESBL-K cases being of community-onset

Table 1. Numbers of cases of ESBL-producing E. coli (ESBL-E) and ESBL-producing Klebsiella spp. (ESBL-K)

and of the subcategories community-onset and hospital-onset cases in 39 German hospitals, 2008

Numbers of ESBL-E/K cases Total
Pooled
mean Minimum

Percentile

Maximum25% 50% 75%

No. of all ESBL-E/K cases 2081 53.4 0 3 29 97 224
No. of community-onset ESBL-E/K cases 1113 28.5 0 2 18 40 125

No. of hospital-onset ESBL-E/K cases 968 24.8 0 0 11 39 122

No. of ESBL-E cases 1330 34.1 0 1 18 58 138
No. of community-onset ESBL-E cases 805 20.6 0 1 10 29 85
No. of hospital-onset ESBL-E cases 525 13.5 0 0 7 26 53

No. of ESBL-K cases 751 19.3 0 0 7 25 111

No. of community-onset ESBL-K cases 308 7.9 0 0 3 12 44
No. of hospital-onset ESBL-K cases 443 11.4 0 0 3 8 96

ESBL, Extended-spectrum beta-lactamase ; ESBL-E, ESBL-producing E. coli ; ESBL-K, ESBL-producing Klebsiella spp.
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https://doi.org/10.1017/S0950268811000781 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268811000781


and a significant association between the IDs of com-

munity-onset and hospital-onset cases.

Surveillance for ESBL-producing E. coli and

K. pneumoniae in ICUs as high-risk areas for anti-

microbial resistance has already been established

within the GermanNosocomial Infection Surveillance

System [20], but a recent hospital-wide study showed

that only 34.7% of patients were admitted to an ICU

at the time of their first culture testing positive for

ESBL-producing organisms [21]. Restriction of sur-

veillance to ICUs might therefore miss a substantial

proportion of cases. In addition, the increasing num-

ber of reports about community-acquisition of ESBL-

producing bacteria and their import into hospitals

stress the need for hospital-wide surveillance [4, 5, 22].

For other pathogens with a known substantial com-

munity reservoir and import into hospitals such as

methicillin-resistant Staphylococcus aureus (MRSA)

and Clostridium difficile systems for hospital-wide

surveillance have already been established [23, 24].

The pooled mean hospital-wide ID of 0.54 ESBL-

E/K cases/1000 pd confirms that ESBL-producing

Enterobacteriaceae are already a serious problem in

hospitals. In comparison, the surveillance systems

named above reported pooled mean hospital-wide

IDs of 1.03 and 0.68 cases/1000 pd for MRSA and

Clostridium difficile-associated diarrhoea, respectively,

for 2008. However, our study shows substantial

Table 2. Incidence densities of ESBL-producing E. coli (ESBL-E) and ESBL-producingKlebsiella spp. (ESBL-K)

and of the subcategories community-onset and hospital-onset cases in 39 German hospitals, 2008

Incidence densities
Pooled
mean Minimum

Percentile

Maximum25% 50% 75%

ID of all ESBL-E/K cases 0.54 0.00 0.06 0.40 0.93 2.53
ID of community-onset ESBL-E/K cases 0.29 0.00 0.04 0.24 0.51 1.81

ID of hospital-onset ESBL-E/K cases 0.25 0.00 0.00 0.17 0.33 1.82

ID of ESBL-E cases 0.35 0.00 0.03 0.23 0.59 2.11
ID of community-onset ESBL-E cases 0.21 0.00 0.03 0.15 0.31 1.75
ID of hospital-onset ESBL-E cases 0.14 0.00 0.00 0.12 0.21 0.43

ID of ESBL-K cases 0.20 0.00 0.00 0.11 0.24 1.65

ID of community-onset ESBL-K cases 0.08 0.00 0.00 0.06 0.13 0.92
ID of hospital-onset ESBL-K cases 0.12 0.00 0.00 0.03 0.12 1.43

ESBL, Extended-spectrum beta-lactamase ; ESBL-E, ESBL-producing E. coli ; ESBL-K, ESBL-producing Klebsiella spp. ;
ID, incidence density.
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Fig. 1. Incidence densities (ID) per 1000 patient-days of community-onset (&) and hospital-onset (%) cases of ESBL-
producing E. coli and Klebsiella spp. (ESBL-E/K) in 39 German hospitals in 2008.
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heterogeneity of IDs of ESBL-E/K cases between

hospitals (Fig. 1). Many factors might contribute to

this heterogeneity including differences in the patient

population, regional variation and differences in

the frequency and quality of microbiological tests.

Although our sample of hospitals might not be rep-

resentative for all German hospitals, this variation of

the IDs of ESBL-E/K cases between hospitals under-

scores the importance of endemic baseline values de-

termined from a number of hospitals to enable the

identification of outliers and focus further inter-

ventions on especially affected hospitals.

Even without admission screening more than half

of the ESBL-E/K cases in this study were classified

as community-onset cases. In addition, the regression

analysis showed a linear association between com-

munity-onset and hospital-onset ESBL-E/K cases.

The ID of community-onset cases might have affected

the ID of hospital-onset cases in our study in two

ways – by increasing the likelihood of hospital trans-

mission or, more directly, by hidden import. The op-

timal methods and procedures for ESBL screening are

still under investigation [25, 26]. The current evidence

does not support hospital-wide admission screening

or justify the costs that would have been incurred by

screening all admissions in 39 hospitals. However, it is

a limitation of this study that the lack of admission

screening might have resulted in a misclassification of

a number of community-onset cases as hospital-onset

cases. Further limitations are related to the definitions

and metrics used in this study, such as the exclusively

temporal definition of cases. Moreover, we did not

investigate the ability of the local laboratories to de-

tect ESBL production in Enterobacteriaceae. Despite

these limitations, our data show that community-

onset cases are an important part of the current

problem of ESBL-producing Enterobacteriaceae in

hospitals. The regression analysis also showed that

the variable ‘hospital with >400 beds’ was a protec-

tive factor for hospital-onset ESBL-E and ESBL-K

cases. Possible explanations for this finding are that

the larger hospital perform microbiological diag-

nostics earlier and are therefore more likely to identify

carriers within the 48-h interval of admission or that

Table 3. Results of the linear regression analyses with the outcome incidence

density (ID) of hospital-onset ESBL-E/K-cases, ID of hospital-onset

ESBL-E cases and ID of hospital-onset ESBL-K cases in 39

German hospitals, 2008

ME (95% CI) P value

Outcome: ID of hospital-onset ESBL-E/K cases

ID of community-onset ESBL-E/K cases
>Q3 1.28 (1.11–1.48) 0.001
>Q2–Q3 1.42 (1.22–1.65) <0.001

>Q1–Q2 1.09 (0.94–1.27) 0.245
fQ1 1=reference

Outcome: ID of hospital-onset ESBL-E cases

ID of community-onset ESBL E cases

>Q3 1.31 (1.18–1.44) <0.001
>Q2–Q3 1.23 (1.15–1.32) <0.001
>Q1–Q2 1.07 (1.00–1.15) 0.036
fQ1 1=reference

Hospital with >400 beds 0.90 (0.83–0.98) 0.016

Outcome: ID of hospital-onset ESBL-K cases

ID of community-onset ESBL-K cases
>Q3 1.44 (1.27–1.63) <0.001

>Q2–Q3 1.14 (1.02–1.28) 0.02
>Q1–Q2 1.04 (0.94–1.15) 0.452
fQ1 1=reference

Hospital with >400 beds 0.84 (0.76–0.93) 0.001

ESBL, Extended-spectrum beta-lactamase ; ESBL-E, ESBL-producing E. coli ;
ESBL-K, ESBL-producing Klebsiella spp. ; ME, multiplicative effect ; CI,
confidence interval ; Q1, 25% percentile ; Q2, 50% percentile ; Q3, 75% percentile.
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they are more experienced with the control of multi-

drug-resistant bacteria.

In addition, the analysis indicates that there are

differences in the epidemiology of ESBL-E and

ESBL-K. Because ESBL-E cases were more common,

exceeding ESBL-K cases by 2:1, this difference is best

seen in the proportions of community-onset and hos-

pital-onset cases. While a higher proportion of ESBL-

E cases were community-onset cases, a significantly

higher proportion of ESBL-K cases were hospital-

onset cases. This is in accordance with reports of

ESBL-K in association with nosocomial transmission

and outbreaks [2, 3], while ESBL-E have often been

described as community-acquired [4, 5]. In addition, a

recent study has shown a low transmission rate of

ESBL-E in the hospital setting [27]. For this reason, it

is advisable that surveillance systems differentiate be-

tween ESBL-E and ESBL-K and adjust infection

control interventions accordingly, for example by

screening risk groups for ESBL-E on admission or by

implementing contact precautions to reduce hospital

transmission of ESBL-K.

In summary, our analysis shows a linear association

between the IDs of community-onset and the IDs of

hospital-onset ESBL E/K cases and differences in the

distribution of community-onset and hospital-onset

cases between different species of ESBL-producing

bacteria. The large number of ESBL-E/K cases and

their wide dissemination in hospitals emphasize the

need for continuous hospital-wide surveillance and

increased efforts to prevent further spread guided by

the analysis of surveillance data.
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