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Carriage of ESBL- and AmpC-positive Enterobacteriaceae in the gastrointestinal
tract of community subjects and hospitalized patients in the Czech Republic

Vendula Husickova?, Luboslava Cekanova®, Magdalena Chroma®, Miroslava Htoutou-Sedlakova?, Kristyna Hricova?,
Milan Kolar®

Aim. The study aimed at analyzing ESBL- and AmpC-positive Enterobacteriaceae in the gastrointestinal tracts of uni-
versity hospital inpatients and persons from the Olomouc Region community, and comparing the results with data
from 2007.

Methods. Bacteria were isolated from rectal swabs inoculated onto the ChromID™ ESBL selective medium (bioMérieux).
Production of ESBL-type beta-lactamases was confirmed by the modified double-disk synergy test and AmpC enzyme
production was detected by the AmpC disk test. ESBL- and AmpC-positive isolates were subjected to basic genetic
analysis aimed at detecting the bla,,, bla,,, bla ., , and blaArnpc genes.

Results. Over the study period (1 March 2010 - 1 May 2010), a total of 1,279 rectal swabs (70.4% of community subjects)
were analyzed on the above medium. The prevalence rates of ESBL-positive Enterobacteriaceae were 8.2% in hospitalized
patients and 3.2% in community subjects. Production of the AmpC enzyme was detected in 1.1% of bacterial isolates
from the community and in one (0.3%) hospital isolate. Among ESBL, the most frequent genes encoding enzymes were
from the CTX-M-1-like genes. Detected AmpC beta-lactamases belonged to the CIT, DHA and EBC groups.
Conclusion. When compared with the year 2007, the rates of carriers of ESBL-positive bacteria increased in both hos-
pitalized patients (from 3% to 8%) and community subjects (from 1% to 3%) in 2010. Given the fact that production of
extended-spectrum beta-lactamases is clinically significant, knowing the epidemiological situation is very important
for selecting adequate antibiotic therapy.
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INTRODUCTION Recently, the numbers of ESBL-positive bacteria iso-
lated from clinical material of both patients hospitalized
At present, the Enterobacteriaceae producing broad- in general hospital wards and those in the community
spectrum beta-lactamases are among the bacterial patho-  have increased’. In their study, Valverde et al. compared
gens that are feared. Of particular clinical importance are  the prevalence of ESBLs in the gastrointestinal tract
ESBL (extended-spectrum beta-lactamase) and AmpC  (GIT) of both hospital and community patients in 1991
enzymes capable of hydrolyzing penicillins, monobactams and 2003. They reported that over the twelve years, the
and cephalosporins with a broad spectrum of activity.  prevalence of ESBLs has increased dramatically, from
From a clinical point of view, the danger of ESBL- and  0.3% in inpatients and 0.7% in outpatients to 11.8% and
AmpC-positive Enterobacteriaceae is that they increase  5.5%, respectively. The study also found ESBL prevalence
the risk of antibiotic treatment failure, mortality and eco-  in healthy volunteers to be 3.7% in 2003 (ref.?).
nomic costs of treatment of infections with the etiological Colonization with ESBL-positive isolates is considered
role of bacteria'. to be a risk factor. The higher proportion of ESBL carriers
From an epidemiological perspective, the distribution  in the community increases the risk that more individuals
of genetic types of ESBLs has changed significantly since =~ will become carriers due to interhuman transmission. It
they were first described in 1983 (ref.®). In the 1990s, also expands the resistance gene pool and thus makes the
Klebsiella pneumoniae strains producing SHV and TEM  acquisition of resistance genes by sensitive bacteria faster.
variants were most prevalent, with these strains being fre- With the rising number of ESBL-positive bacterial
quently isolated from hospital patients, especially those  strains, the rates of clinically significant isolates produc-
in intensive care units®. In recent years, the situation has  ing AmpC-type beta-lactamases also increase. Qin et al.
changed dramatically and the main producers of ESBLs  showed an increase in the prevalence of AmpC-positive
have been Escherichia coli strains producing CTX-M-type isolates in hospitalized paediatric patients from 0.1% in
beta-lactamases. 1999-2001 to 0.9% in 2005-2007 (ref.’). A rise in the inci-
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dence of infection-related AmpC-positive Escherichia coli
strains was noted in a 3-year Canadian prospective study
involving not only hospital but mostly (83%) community
isolates!®.

Compared to ESBL carriage in the GIT of commu-
nity subjects, the number of studies focused on AmpC-
producing bacterial strains is much smaller. Hammerum
et al. reported 4% prevalence of AmpC-positive strains
in rectal swabs from healthy persons!'. AmpC-producing
Enterobacteriaceae in community subjects were also de-
tected in a study by Cekanova et al.'2.

The presented study aimed at determining the preva-
lence of ESBL- and AmpC-positive Enterobacteriaceae in
the GIT of subjects in both the hospital and community
settings and comparing changes in their epidemiology
with data from an earlier study performed in the same
area in 2007.

MATERIAL AND METHODS

Bacterial strains

Bacteria were isolated from rectal swabs obtained
from ambulatory patients from community living in the
Olomouc Region and from patients in the University
Hospital Olomouc with the identical catchment area be-
tween 1 March 2010 and 1 May 2010. From each person,
only one rectal swab was processed. The swabs were in-
oculated onto the selective ChromID™ ESBL agar (bio-
Mérieux). Grown colonies were identified using standard
microbiology techniques as well the Phoenix automated
system (Becton, Dickinson and Company). Individual iso-

lates were placed in a deep freezer and stored at -80 °C
using the ITEST Kryobanka B (ITEST plus s.r.o0.).

Phenotypic detection of ESBL and AmpC

All isolated Enterobacteriaceae were subjected to phe-
notypic analysis to detect ESBL and AmpC enzyme pro-
duction. Phenopytic detection of ESBLs was performed
by the modified double-disk synergy test (mDDST)
(ref.13%). AmpC production was detected by the AmpC
disk test with 3-aminophenylboronic acid®.

PCR-RFLP

Results of phenotypic analysis were verified by poly-
merase chain reaction (PCR) detecting genes encoding
the relevant beta-lactamases. Isolated bacteria were inocu-
lated onto Mueller-Hinton agar (Trios, spol. s r.0.) and
incubated at 37 °C for 18 h. DNA for the reaction was ob-
tained from bacterial cell suspension prepared by mixing
1-2 freshly grown colonies with 100 uL of distilled water,
heating to 95 °C for 10 min and subsequently centrifuged
at 13000xg for 2 min. In the case of ESBL-positive iso-
lates, the resulting supernatant was used as a template
for PCR with specific primers for detecting the bla.,,,
blag,, and bla ., genes'*”. DNA from bacteria with the
AmpC phenotype was subjected to multiplex PCR with
primers specific for detecting genes encoding the relevant
beta-lactamases®. The resulting PCR products were elec-
trophoretically separated in 1.5% agarose gel stained with
ethidium bromide (1 ug.mL') and documented using an
imaging device.

In isolates with positive PCR detecting the bla__. . or

TEM
blag,, genes, restriction analysis was performed. TEM

Table 1. Overview of ESBL- and AmpC-positive isolates and differences in species distribution of these isolates
in hospital and community settings.

Total number of Hospitalized patients Community subjects
isolates

species ESBL+ AmpC+ | ESBL+ ESBL+ AmpC+ AmpC+ | ESBL+ ESBL+ AmpC+ AmpC+

(count) (count) | (count) (%) (count) (%) (count) (%) (count) (%)
Citrobacter 0 3 0 0.0 0 0.0 0 0.0 3 30.0
Sfreundii
Citrobacter 0 1 0 0.0 0 0.0 0 0.0 1 10.0
werkmanii
Enterobacter 1 0 1 3.2 0 0.0 0 0.0 0 0.0
aerogenes
Enterobacter 0 2 0 0.0 0 0.0 0 0.0 2 20.0
cloacae
Escherichia 35 3 9 29.0 0 0.0 26 89.7 3 30.0
coli
Klebsiella 3 1 2 6.5 1 100.0 1 34 0 0.0
oxytoca
Klebsiella 21 0 19 61.3 0 0.0 2 6.9 0 0.0
pneumoniae
Morganella 0 1 0 0.0 0 0.0 0 0.0 1 10.0
morganii
Total 60 11 31 100.0 1 100.0 29 100.0 10 100.0
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Table 2. Genetic analysis of ESBL-positive Enterobacteriaceae.

Number of isolates

bla genes Escherichia coli Klebsiella pneumoniae
hospital community hospital community
CTX-M-1-like 5 9 0 0
CTX-M-9-like | 8 0 0
SHV ESBL 0 0 1 0
CTX-M-1-like + TEM 3 3 0 0
CTX-M-9-like + TEM 0 6 0 0
CTX-M-1-like + SHV + TEM 0 0 18 2

products were cleaved by the Msel, Sau3Al, Mspl and
Hphl enzymes (New England Biolabs) (detection of the
most frequent mutations at positions 104, 164, 238 and
240 responsible for extending the spectrum of effective-
ness in TEM-type beta-lactamases) and the resulting
DNA fragments were separated in 2.5% (w/v) agarose
gel stained with ethidium bromide (1 ug.mL") (ref.'s).
For restriction of SHV products, the Nhel, Ddel and
Sacll (New England Biolabs) endonucleases were used
to detect potential mutations at positions 238, 35 and
179 most frequently responsible for the development of
the ESBL phenotype in SHV-type beta-lactamases'’. The
cleaved DNA fragments were divided in 2% (w/v) agarose
gel stained with ethidium bromide (1 ug.mL™").

PFGE

DNA was isolated from a bacterial culture incubated
at 37 °C for 16 h in 20 mL of Mueller-Hinton broth. The
cells were centrifuged at 4000xg for 10 min and the pellet
was washed three times with washing solution (10 mM
Tris/HCI, 10 mM EDTA, 10 mM EGTA, 1 M NaCl; pH
7.5). Afterwards, the bacteria were diluted with the wash-
ing solution for optical density of 0.2-0.3 at 600 nm and
10 mL of this suspension were centrifuged. The cells were
resuspended in 100 uL of washing solution, mixed with
the same amount of 2% low melting point agarose (Bio-
Rad Laboratories) and pipetted into a block former. The
prepared agarose blocks were transferred into 1 mL of
lysing solution (6 mM Tris/HCI, 100 mM EDTA, 1 M
NacCl, 0.5% BRI1J, 0.2% sodium deoxycholate, 0.5% lauryl
sarcosine; pH 7.6) with lysozyme (0.5 mg.mL") and incu-
bated at 37 °C overnight. Then the blocks were transferred
to 1 mL of deproteinization solution with proteinase K
(0.5 mg.mL") and incubated at 55 °C for 24 h. Proteinase
K (Finnzymes) was inactivated by washing the blocks in
10 mL of TE buffer (10mM Tris/Hcl, ImM EDTA; pH
7.8) at 4 °C for 24 h. From each block, a thin slice was
cut and transferred into 50 uL of restriction solution with
15 U of the Xbal restriction enzyme (Fermentas) and in-
cubated at 37 °C for 24 h. The obtained DNA fragments
were separated by pulsed field gel electrophoresis (PFGE)
in 1.2% agarose gel at 6V.cm and pulse times of 2-35 s

for 24 h. After staining of the gel with ethidium bromide,
the resulting restriction profiles were documented using
an imaging device and compared by the GelCompar II
software (Applied Maths, Kortrijk, Belgium).

Statistical analysis

Statistical significance for comparison of proportions
was calculated by the chi-square test (a Pvalue < 0.05 was
considered statistically significant).

RESULTS

In the study period of 1 March 2010 to 1 May 2010,
a total of 378 rectal swabs from the University Hospital
Olomouc inpatients and 901 rectal swabs from persons in
the Olomouc Region community were analyzed. Growth
on the chromID™ ESBL selective agar was observed in
76 of the 1,279 samples. Subsequent phenotypic detec-
tion confirmed 60 ESBL- and 11 AmpC-positive isolates
of the family Enterobacteriaceae. The most prevalent
ESBL-positive isolates were Escherichia coli and Klebsiella
pneumoniae, accounting for 93.3%. The most frequently
isolated AmpC-positive bacteria were Escherichia coli
and Citrobacter freundii. Detailed distribution of species
is shown in Table 1.

Comparison of the prevalence of ESBL- and AmpC-
positive isolates in hospital and community settings
showed significant differences in both prevalence and spe-
cies distribution between the two groups. The results are
summarized in Table 1. The obtained data revealed 8.2%
prevalence of ESBL-positive isolates in the University
Hospital Olomouc inpatients. In subjects from the com-
munity, a total of 29 ESBL-positive strains were isolated,
accounting for 3.2%. In comparison with data from 2007,
the rates of patient fecal carriage significantly increased
from 2.6% (14/546) hospitalized patients in 2007 to 8.2%
(31/378) in 2010 (P<0.001) and 1.2% (7/579) commu-
nity subjects to 3.2% (29/901) (P<0.05), respectively.
Out of 11 AmpC-positive isolates, ten were detected in
community subjects, a prevalence of 1.1%. More than one
half of ESBL-positive hospital isolates were Klebsiella
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Fig. 1. Dendrogram of ESBL-positive strains of Escherichia coli.
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Fig. 2. Dendrogram of ESBL-positive strains of Klebsiella
pneumoniae.
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pneumoniae strains (61.3%). In the community, the most
prevalent isolates were Escherichia coli (89.7%).

Genetic analysis of 60 bacterial isolates with the ESBL
phenotype revealed the presence of the blaCTX_M gene in 57
isolates (29 community isolates/28 hospital isolates). The
blag,, gene was detected in 22 cases (20/2) and the bla,
gene in 35 strains (23/12). Distribution of individual
bla genes in Escherichia coli and Klebsiella pneumoniae
(a total of 56 isolates) is shown in Table 2. Of the four
remaining ESBL-positive bacteria, PCR confirmed pres-
ence of the blag,,, bla,,, and bla_ . . genes in a strain

SHV? TEM
of Enterobacter aerogenes. In one Klebsiella oxytoca strain,
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the bla .y, . a0d bla ., genes were also detected. In two
strains of Klebsiella oxytoca, the ESBL phenotype was not
confirmed by PCR.

Restriction analysis of PCR products aimed at detect-
ing the most frequent mutations responsible for extending
the spectrum of effectiveness of relevant beta-lactamases
did not reveal, in the case of TEM products, any of the
changes in any isolate. In SHV products, a mutation asso-
ciated with the extended spectrum of effectiveness was de-
tected by restriction analysis in two Klebsiella pneumoniae
strains. In both isolates, the mutation was at position 35.

Detection of AmpC beta-lactamases by multiplex PCR
confirmed the AmpC phenotype in 9 out of 11 isolates.
In each isolate, only one PCR product was detected.
Most frequently in six strains (3 Citrobacter freundii, 1
Citrobacter werkmanii, 2 Escherichia coli), a 462-bp-long
amplicon was detected, corresponding to CIT beta-lacta-
mases. In two cases (1 Klebsiella oxytoca, 1 Morganella
morganii), a DHA-type PCR product and in one strain
(Enterobacter cloacae), an EBC-type product were noted.
Multiplex PCR was negative in two isolates (1 Enterobacter
cloacae, 1 Escherichia coli).

Similar or identical strains were analyzed by PFGE in
30 out of 31 ESBL-positive hospital isolates. An isolate of
Enterobacter aerogenes was excluded, being the only one
of its kind. The results of comparison are demonstrated
as dendrograms in Fig. 1 and 2. Out of 9 Escherichia coli
isolates, 8 strains had unique restriction profiles. In one
case, DNA repeatedly failed to be isolated in adequate
quality. By contrast, several completely identical Klebsiella
pneumoniae isolates were detected and several isolates
were found to have a very similar restriction profile, very
likely corresponding to a single genetic change. Identical
profiles were observed in 1 group of six, 1 group of three
and 1 group of two Klebsiella pneumoniae isolates. Given
the fact that in all cases, identical strains were isolated
from different patients, the situation is suggestive of clonal
spread. As well as in Escherichia coli, a restriction profile
sufficient for analysis could not been repeatedly obtained
in one Klebsiella pneumoniae strain. Two Klebsiella oxytoca
strains were genetically different.

DISCUSSION

The prevalence of ESBL-producing isolates is a glob-
al problem. Compared with other continents, the ESBL
prevalence in Europe is higher than in the USA but lower
than in Asia or South America’. Carriage of these strains
is also of great importance. Livermore and Paterson stat-
ed that in the case of higher rates of infections caused by
ESBL-positive strains in a particular ward, nearly 70% of
patients had their gastrointestinal tract (GIT) colonized
by these strains?..

Castillo et al. studied gastrointestinal colonization by
ESBL-positive strains in both hospitalized and commu-
nity subjects. Their results revealed an increase in the
prevalence of ESBL-producing strains in both patients
and community subjects, from 3% and 2%, respectively,
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in 2002 to 8% and 7%, respectively, in 2004. In both study
periods, Escherichia coli was the most prevalent species?.
In the Czech Republic, a study on colonization of the
GIT by bacteria producing ESBL enzymes was carried
out in 2007. The results showed 3% prevalence in hos-
pitalized patients and Escherichia coli prevailed (57%)
(ref.?). When compared with that study, our current re-
sults show an increase in the prevalence of ESBL-positive
Enterobacteriaceae in the GIT of hospitalized patients
(8%). Species distribution also changed, with Klebsiella
pneumoniae being more prevalent among hospital ESBL-
positive isolates (56%).

The increasing prevalence of ESBL-positive Entero-
bacteriaceae in the GIT of community subjects has also
been reported in other European countries such as Spain
and Great Britain®?}. Most frequently, Escherichia coli
isolates producing CTX-M beta-lactamases are identi-
fied**. In their study, Valverde et al. reported 4% preva-
lence of ESBL-positive Enterobacteriaceae in the stools
of healthy volunteers in Spain in 2003. All these strains
were classified as Escherichia coli®. The authors of another
Spanish study published in 2007 focused on assessing
the prevalence of GIT colonization by ESBL-positive
Enterobacteriaceae in a group of healthy persons and
found 7% prevalence, with bacteria producing CTX-M
enzymes being most frequent®. Janvier et al. compared
the prevalence of ESBL-positive Enterobacteriaceae in
asymptomatic young subjects in the community over a
period of 10 years (1999-2009) to detect an increase from
0% to 2%. Most frequently, enzymes from the CTX-M-1
group were detected?’.

In the Czech Republic, a 1% prevalence of ESBL-
positive Enterobacteriaceae in the GIT of community sub-
jects was reported in 2007. In all cases, the species was
Escherichia coli. The CTX-M-15, CTX-M-1 and CTX-M-9-
like enzymes were detected!?. Our current study showed
an increase in ESBL-carriage in the GIT of community
subjects to 3%. Howeyver, this is still less than the average
European rates. As compared with 2007, species distribu-
tion is more varied although Escherichia coli remains the
most frequent (90%). The genetic background is quite
similar, with CTX-M-1-like and CTX-M-9-like types pre-
vailing.

In contrast to ESBL enzymes, carriage of AmpC-
positive bacterial enzymes have not been studied much.
Kaneko et al. reported an Escherichia coli isolate pro-
ducing AmpC beta-lactamase of the CMY-2 type from
the CIT group in a healthy medical student. They sug-
gested that both constitutive and inducible AmpC beta-
lactamases may extensively spread in the community?. In
2008, carriage of AmpC beta-lactamases in the GIT was
detected in nearly 4% of healthy Danish army recruits.
The types were CMY-2 and CMY-34. The same group was
also found to carry ESBL-positive Enterobacteriaceae".

In the Czech Republic, the prevalence of AmpC-
positive bacteria in the GIT of community subjects
was reported to be 1% in 2007 (ref.'?). Our current
study found the same prevalence rate of AmpC-positive
Enterobacteriaceae (1%). However, there was a difference
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in species distribution of AmpC-positive isolates, with
Escherichia coli and Citrobacter freundii being most preva-
lent in the current study. AmpC beta-lactamases of the
DHA, CIT and EBC types were detected. An interesting
finding of this current study is the very low rate of AmpC-
positive isolates in hospitalized patients as compared with
community subjects. Production of an AmpC enzyme was
detected in a single hospital isolate.

An important result of this study is detection of a high
number of ESBL-positive isolates of Klebsiella pneumoniae
in which PFGE identified identical or very similar restric-
tion profiles. This fact suggests clonal spread of the strain
among hospitalized patients and deserves further atten-
tion. A new study may follow that would aid in revealing
the sources and modes of transmission of the strains.
The results might contribute to the limitation of further
spread.

Colonization of the GIT by ESBL- and AmpC-
producing Enterobacteriaceae increases the risk of infec-
tion due to these opportunistic pathogens as well as the
possibility that mobile elements carrying resistance genes
will be disseminated into a broad community. Therefore,
detection and control of the community reservoir is ex-
tremely important.
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