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This study evaluated the added value of selective preenrichment for the detection of rectal carriage of extended-spectrum-beta-
lactamase-producing Enterobacteriaceae (ESBL-E). ESBL-E rectal carriage was identified in 4.8% of hospitalized patients, and
25.9% of ESBL-E rectal carriers were identified with selective preenrichment only.

The steady worldwide spread of extended-spectrum-beta-lacta-
mase-producing Enterobacteriaceae (ESBL-E) has affected

health care and community settings, as well as livestock farming
(1–4). Extended-spectrum beta-lactamase (ESBL) confers resis-
tance to the majority of beta-lactam antibiotics, including third-
generation cephalosporins, which limits the options for antimi-
crobial therapy and results in increased morbidity and mortality
rates and health care costs (5, 6). Appropriate antimicrobial ther-
apy and infection control measures depend on rapid sensitive lab-
oratory detection methods. Unfortunately, reliable standardized
methods for direct molecular detection of ESBL-E in clinical spec-
imens are currently not available for routine use in medical mi-
crobiology. Therefore, the targeted ESBL-E screening of clinical
specimens relies on the use of selective screening agars for ESBL,
several of which, with comparable high sensitivities, have been
described (7–13). It has been shown that preenrichment using a
broth improves the performance of selective screening agars for
the detection of methicillin-resistant Staphylococcus aureus in
clinical specimens (14–17). However, the use of preenrichment
for the detection of ESBL-E is still controversial (18) and is not
common practice in clinical or research settings. Although several
studies on the occurrence of ESBL-E have used nonselective or
selective preenrichment (19, 20), comparative data that quantify
the added value of preenrichment are limited. A comparative
study showed that nonselective preenrichment improved the de-
tection of ESBL-E in throat and rectal surveillance cultures from
intensive care unit (ICU) patients (21). That study was performed
in a setting in which all patients received selective decontamina-
tion of the digestive tract (SDD), and the use of a nonselective
medium would hardly have been hampered by overgrowth with
nonresistant flora. The detection of ESBL-E in fecal or rectal sam-
ples from patients who are not receiving antibiotics, however, is
complicated by the presence of nonresistant gastrointestinal flora
and would benefit from the use of selective culture media. At
present, no comparative data on the use of preenrichment with a
selective broth for the detection of ESBL-E rectal carriage are
available. This study aimed to determine the added value of selec-
tive preenrichment for the detection of rectal carriage of ESBL-E
in hospitalized patients.

In October 2011, an ESBL-E prevalence survey was performed
in an 850-bed Dutch teaching hospital, where yearly ESBL-E prev-
alence surveys are part of the routine infection control policy.

Rectal swabs were taken from all patients who were hospitalized
on the day of the survey and were willing to participate in the
survey.

The methods used to detect ESBL-E rectal carriage in this study
are in accordance with national and international guidelines (18,
22). Nylon-flocked swabs with Amies liquid (ESwab) (Copan Di-
agnostics, Murrieta, CA) were used for collection and transport of
rectal samples (23). Swabs were kept at 2 to 7°C and were pro-
cessed within 24 h after sampling, at the local microbiology labo-
ratory. The ESwab system enables the inoculation of multiple cul-
ture media with equivalent aliquots of the collected specimen and
thus avoids the need to collect more than one sample per patient
for comparison of culture methods (23). A blood agar plate and a
selective ESBL screening agar (EbSA) plate (Cepheid Benelux,
Apeldoorn, The Netherlands) (7) were each inoculated with 100
�l of the ESwab Amies liquid. The remaining Amies liquid was
used to inoculate 5 ml of selective tryptic soy broth with vanco-
mycin and cefotaxime (TSB-VC) (Cepheid Benelux, Apeldoorn,
The Netherlands). EbSA has high sensitivity for the detection of
ESBL-E, which is comparable to that of other selective ESBL
screening agars (7, 11). EbSA plates consist of MacConkey agar
and are divided into two sections. One section contains cefo-
taxime at 1 mg/liter and the other ceftazidime at 1 mg/liter. Both
sections contain cloxacillin at 400 mg/liter, to inhibit the growth
of Enterobacteriaceae that produce AmpC beta-lactamase, and
vancomycin at 64 mg/liter, to inhibit the growth of enterococci.
TSB-VC contains cefotaxime at 0.25 mg/liter and vancomycin at 8
mg/liter, to inhibit the growth of cefotaxime-susceptible Entero-
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bacteriaceae and enterococci, respectively. Both agar plates and
TSB-VC were incubated for 18 to 24 h at 35 to 37°C. Subsequently,
100 �l of the TSB-VC was subcultured on an EbSA plate that was
incubated for another 18 to 24 h at 35 to 37°C. The blood agar
plate served as a growth control. Cultures were rejected when the
blood agar plate showed no bacterial growth, which was judged to
be indicative of inappropriate sampling. The Vitek 2 system (bio-
Mérieux, Marcy l’Etoile, France) was used for species identifica-
tion and susceptibility testing of all isolates that grew on either one
of the EbSA agar plates. Enterobacteriaceae with MICs for cefo-
taxime and/or ceftazidime above the screening breakpoint value
of 1 mg/liter were considered suspect for the production of ESBL
(18, 22). Production of ESBL was phenotypically confirmed with
the combination disk diffusion method with cefotaxime (30 �g),
ceftazidime (30 �g), and cefepime (30 �g), both alone and com-
bined with clavulanic acid (10 �g) (Rosco, Taastrup, Denmark).
The combination disk diffusion method has straightforward in-
terpretation and is known for its high sensitivity and specificity
(24). Test results were considered positive if the inhibition zone
around the disk was �5 mm larger for the combination with cla-
vulanic acid (18, 22). Finally, genotypic confirmation of the pres-
ence of ESBL genes was performed with the Check-MDR CT103
DNA microarray (Check-Points, Wageningen, The Netherlands),
which covers a wide range of representatives of the most prevalent
ESBL gene families (SHV, TEM, and CTX-M) (25).

On the day of the prevalence survey, 642 patients were hospi-
talized (Fig. 1). Rectal swabs were obtained from 570 patients
(88.8%), of which 564 (98.9%) were evaluable. ESBL-E were de-
tected in rectal swabs from 27 patients (4.8%), by either direct
cultures or cultures with preenrichment. No ESBL-E were cul-
tured for 535 patients (94.9%), and data for cultures with preen-

richment were missing for 2 patients (0.4%). Escherichia coli was
the predominant ESBL-positive species identified (n � 24
[88.9%]). The other ESBL-positive species were Morganella
morganii (n � 1), Enterobacter cloacae (n � 1), and Pantoea agglo-
merans (n � 1). ESBL genes of the CTX-M-1 group, i.e., CTX-M-
1-like (n � 10 [37.0%]), CTX-M-3-like (n � 1 [3.7%]), and CTX-
M-15-like (n � 9 [33.3%]), were the most prevalent genes
identified. Other ESBL genes belonged to the CTX-M-9 group
(n � 3 [11.1%]), the SHV family (SHV 238S � 240K) (n � 3
[11.1%]), and the TEM family (TEM 104K � 238S) (n � 1
[3.7%]). The observed overall prevalence of ESBL-E rectal car-
riage of 4.8% and the distribution of ESBL genes are similar to
those found in previous studies in Dutch health care settings
(20, 26).

The performance of the culture methods was compared for
patients with complete data for both methods and separately for
ESBL-E-positive and ESBL-E-negative cultures (Table 1). The
overall percent agreement and the exact conditional McNemar
test (SPSS Statistics, version 19.0; IBM Corp., Armonk, NY) were
used to compare concordant and discordant results, respectively.
Rectal swabs from 20 patients were ESBL-E positive in both the
direct cultures and the cultures with preenrichment. For 7 pa-
tients, ESBL-E were detected only in the cultures with preenrich-
ment. The overall percent agreement between the methods for
patients with ESBL-E-positive cultures was 74.1% (95% confi-
dence interval [CI], 55.1% to 87.1%) (20/27 patients). The direct
cultures failed to identify 25.9% (95% CI, 12.9% to 44.9%) (7/27
patients) of ESBL-E rectal carriers (McNemar test, P � 0.016),
corresponding to 1.2% (95% CI, 0.5% to 2.6%) of the hospitalized
patients (7/562 patients). Rectal swabs from 514 patients were
ESBL-E negative in both the direct cultures and the cultures with
preenrichment. False-positive growth was observed for 7 patients
in the direct cultures and for 18 patients in the cultures with
preenrichment. Therefore, the overall percent agreement between
methods for patients with ESBL-E-negative cultures was 96.8%
(95% CI, 94.9% to 98.0%) (518/535 patients), whereas a 2.1%
increase (95% CI, 1.1% to 3.7%) (11/535 patients) in false-posi-
tive growth was observed for the cultures with preenrichment,
compared to the direct cultures (McNemar test, P � 0.013). The
ratio between the increase in the yield of screening (n � 7) and the
increase in false-positive growth (n � 11) will most likely increase
with increasing prevalence of ESBL-E rectal carriage. A sensitivity
analysis in which the cultures with missing data for the cultures
with preenrichment were included and their outcomes were var-

TABLE 1 Comparison of methods

Result for direct
culturea

Result for preenriched culturea

No. of ESBL-E-positive
culturesb

No. of ESBL-E-negative
culturesc

Growth No growth Growth No growth

Growth 20 0 4 3
No growth 7 0 14 514
a Growth indicates the growth of Enterobacteriaceae. ESBL-E, extended-spectrum-beta-
lactamase-producing Enterobacteriaceae.
b Overall percent agreement, 74.1% (95% CI, 55.1% to 87.1%); exact conditional
McNemar test, P � 0.016.
c Overall percent agreement, 96.8% (95% CI, 94.9% to 98.0%); exact conditional
McNemar test, P � 0.013.

ESBL-E positive culture n=27 

Hospitalized n=642 
 

Evaluable culture n=564 
 
ESBL-E negative culture 
• No Enterobacteriaceae cultured n=514 
• MIC screening negative n=5   
• Phenotypic confirmation negative n=7  
• Genotypic confirmation negative n=9 
 
Incomplete culture data 
• Culture with pre-enrichment not available n=2  

Not evaluable 
• No rectal swab taken n=72 
• Negative growth control n=6 

FIG 1 Recruitment of patients.
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ied to the extremes confirmed the findings of the primary analysis
(data not shown).

Patient and strain characteristics were compared for ESBL-E-
positive cultures that were detected either by both methods or by
only the cultures with preenrichment (Table 2). A lack of growth
in the direct cultures was not associated with species, the presence
of inducible or derepressed chromosomal AmpC beta-lactamase
genes, the type of ESBL gene, age, gender, the length of hospital
stay, or antibiotic use.

Whether there is a difference in the risk of nosocomial spread
between ESBL-E identified in direct cultures and those identified
in cultures with preenrichment cannot be concluded from our
data. It could be argued that ESBL-E carriage that is not identified
in direct cultures reflects low ESBL-E loads, with less potential for
transmission to other patients. However, ESBL-E loads may vary
over time, and they are known to increase following antibiotic use
(21). As ESBL-E-screening is aimed at identifying patients who are
at risk of spreading ESBL-E to other patients during hospitaliza-
tion, and not only at the time of screening, we consider low
ESBL-E loads potentially as important as high loads.

A disadvantage of preenrichment is the prolongation of the
time to result by 1 day. For optimal rapidity and sensitivity, how-

ever, direct cultures and cultures with preenrichment can be used
side by side. Whether this approach is cost-effective will depend
on the local epidemiology of ESBL-E and the infection control
measures applied to contain ESBL-E.

In conclusion, the use of selective preenrichment of rectal
swabs improves the detection of ESBL-E rectal carriage. This po-
tentially adds to infection control policies that aim to prevent the
nosocomial spread of ESBL-E.
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