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Summary A collection of 109 Enterobacteriaceae isolates originating from sprouts, mixed
salads and ready-to-eat salads bought in retail in south-western German super-
markets from April 2015 to February 2016 have been phenotypically characterized
and were tested for susceptibility to antibiotics, in particular extended-spectrum B-
lactamases. Only six isolates were found to be multi-resistant to three antibiotics
substance groups (acylureidopenicillins, 3™ or 4% generation cephalosporins and
fluorochinolones) namely four isolates belonging to Enterobacter spp. and two to
Citrobacter spp. Therefore, the impact on the overall safety and quality of the
surveyed German products can be regarded as inconspicuous in the light of antibiotic
resistant Enterobacteriaceae.
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Zusammenfassung Im Zeitraum zwischen April 2015 und Februar 2016 wurden aus dem Einzelhandel
im Sud-Westen Deutschlands Sprossen, Misch- und Fertigsalate bezogen. Aus die-
sen Produkten wurden 109 Isolate aus der Familie Enterobacteriaceae gewonnen
und phénotypisch auf Antibiotikaresistenzen untersucht. Der Fokus lag auf dem Vor-
kommen von B-Laktamasen mit breitem Wirkungsspektrum. Lediglich sechs dieser
Isolate erwiesen sich als resistent gegen drei Antibiotikagruppen (Acylureidopenicil-
line, Cephalosporine der 3. oder 4. Generation und Fluorochinolone), davon wurden
vier Isolate als Enterobacter spp. und zwei Isolate als Citrobacter spp. identifiziert.
Aufgrund der hier vorliegenden Ergebnisse kann der Einfluss antibiotikaresistenter
Enterobacteriaceae, isoliert aus den untersuchten Produktgruppen, hinsichtlich
Sicherheit und Qualitat als unauffallig gewertet werden.

Schliisselworter: Antibiotikaresistenz, Enterobakterien, pflanzliche Produkte
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Introduction

Fruit and vegetables play a pivotal role in human nutrition,
i.e. they are regarded as a rich source for vitamins, fiber and
secondary plant compounds. Together with over 100 part-
ners the German Nutrition Society (DGE) promotes the
campaign “5 A Day” and recommends the consumption of
five servings of fruit and vegetables per day to maintain
healthy living (Boeing et al. 2012). Sprouts, mixed salads
and ready to eat salads are included in this food group and
are intended for raw consumption. Therefore, an element
of risk remains as consumers could be exposed to poten-
tially pathogenic microorganisms (Franz et al. 2008,
Heaton and Jones 2008). Moreover, ingested bacteria could
also carry antibiotic resistance genes. Recently, fresh
produce were also described to play a role as carriers of
antibiotic-resistant bacteria (Schwaiger et al. 2011a). Espe-
cially problematic are multidrug-resistant Gram-negative
(MDRGN) Enterobacteriaceae or bacteria carrying genes
for extended-spectrum B-lactamases (ESBL) (Paterson
2000, 2006). An appropriate treatment in case of an infec-
tion could be critical, particularly when resistance genes are
transferred to more pathogenic bacteria via horizontal
gene transfer. For example, in 1997 the gene blag,,,, , coding
for an ESBL was described in Klebsiella pneumoniae in
Switzerland (Niiesch-Inderbinen et al. 1997). Four years
later, the plasmid-mediated transfer of the blag,,, ,, gene in
Salmonella spp. was documented for the first time in
Senegal (Cardinale et al. 2001). ESBL-producing bacteria
have been isolated from fruit and vegetables repeatedly e.g.
in South Korea and the United Kingdom (Kim et al. 2015,
Randall et al. 2017); therefore their occurrence is an emer-
ging issue. Recently, the World Health Organization
(WHO) published a ‘Global priority list of antibiotic-
resistant bacteria to guide research, discovery, and deve-
lopment of new antibiotics’. According to this list, next to
carbapenem-resistant Acinetobacter baumannii and Pseu-
domonas aeruginosa, carbapenem-resistant and third
generation cephalosporin-resistant Enterobacteriaceae are
regarded as the most critical pathogens (World Health
Organization 2017).

Hence, the aim of this study was to collect and charac-
terize Enterobacteriaceae isolates from sprouts and mixed
salads bought in supermarkets in south-western Germany
from April 2015 to February 2016 and to investigate the
consumers risk being faced with antibiotic-resistant Entero-
bacteriaceae through the consumption of common fresh
produce.

Materials and methods

Materials

Enterobacteriaceae isolates

Presumptive Enterobacteriaceae strains were isolated from
sprouts (n=55) and mixed/ready-to-eat salads (n=54),
bought in retail in south-western German supermarkets
from April 2015 to February 2016. For isolation of bacterial
strains, 25 g sample material was transferred aseptically
into plastic bags with filter (Gosselin SAS, Borre, France).
In case of ready-to-eat salads additional animal-based
toppings were packed separately, thus only the vegetable
parts of the products were used for investigation. Each
sample was diluted 1:10 by addition of 225 ml buffered
peptone water (BIOKAR Diagnostics, Pantin, France)

using an automated diluter (AES Chemunex GmbH,
Bruchsal, Germany). The samples were homogenized for
two minutes in a laboratory paddle blender (AES Chemu-
nex GmbH). Afterwards, tenfold serial dilutions were
performed using % strength ringer’s solution (Merck
KGaA, Darmstadt, Germany). For the subsequent iso-
lation of Enterobacteriaceae, 100 ul aliquots of each 10—
1077 dilution were plated on VRBD agar plates (BIOKAR
Diagnostics). The plates were incubated at 30 °C. Initially,
the incubation took place under anaerobic conditions in
anaerobic jars for the first 24 h using Anaerocult® (Merck
KGaA). Afterwards the plates were transferred to aerobic
conditions and incubated for another 24 h. After a total in-
cubation of 48 h colonies showing a typical phenotype were
picked from VRBD agar. The isolates were streaked out on
Standard I nutrient-agar plates (8 g Agar-Agar was added
to 500 ml Standard Nutrient Broth I; Carl Roth GmbH +
Co. KG, Karlsruhe, Germany) to obtain pure cultures.
Strains were conserved at —80 °C in NuncTM cryogenic
vials (Thermo Fisher Scientific, Waltham, USA) by addi-
tion of 150 pl glycerol (Carl Roth GmbH + Co. KG) and
850 ul fresh liquid culture. Detection of oxidase activity was
conducted using Bactident® Oxidase test strips (Merck
KGaA) according to the manufacturer’s recommendations.
Presence of catalase was determined by dripping 5 ul of 3 %
H,O, (Merck KGaA) solution directly on a single colony,
catalase activity was confirmed visually by formation of
small bubbles. Furthermore, all isolates were biochemically
identified using API® ID32E (Biomerieux, Niirtingen,
Germany) according the manufacturer’s instructions.

Reference strains

According to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST), reference organisms
were included in the subsequent analyzes as quality control.
For this purpose, Escherichia (E.) coli DSM 1103 and Kleb-
siella (K.) pneumoniae DSM 26371 were obtained from the
DSMZ (Leibniz Institute-German Collection of Micro-
organisms and Cell Cultures, Braunschweig, Germany).

Methods

Isolation and quantification of total genomic DNA

Isolation of total genomic bacterial DNA was conducted
using the DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s recommenda-
tion with slight modifications. In brief, 2 ml of bacterial
over-night culture were transferred to a microcentrifuge
tube. The bacterial cells were pelleted by 10 min centri-
fugation at 16.000 x g and 4 °C. Differing from the protocol,
each pellet was resuspended in 180 pl lysis buffer and 36 pl
lysozyme (100 mg/ml). Cell wall lysis was performed for
30 min at 37 °C and 350 rpm in a Thermoshaker Incubator
(peQLab Biotechnologie GmbH, Erlangen, Germany).
Afterwards, 20 ul proteinase K and 200 pl buffer AL were
added to each sample, followed by incubation for 30 min at
56 °C. Elution of DNA was performed twice in 50 pl buffer
AE. For quantification of the DNA, the Qubit® dsDNA
HighSensitivity Assay Kit (Thermo Fisher Scientific Inc.)
was used according to the manufacturer’s instructions on a
Qubit 2.0 fluorometer (Thermo Fisher Scientific Inc.).
DNA was stored at —20 °C until use.

Verification of the presumptive Enterobacteriaceae isolates by atpD sequencing
For molecular identification of all 109 Enterobacteriaceae
isolates, the F-ATPase B-subunit gene (atpD) was partially
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amplified by PCR. PCR was conducted using the ALLin™
Hot Start Taq Mastermix, 2x (highQu GmbH, Kraichtal,
Germany) in a total reaction volume of 50 ul. Furthermore,
100 ng template DNA and 25 pmol of each ‘atpD Al fw’
respective ‘atpD A2 rev’ primers according to Paradis et al.
(2005) were added.

The amplifications were conducted in a peqSTAR 96
Universal Thermocycler (VWR International GmbH,
Darmstadt, Germany): 3 min initial denaturation for 95 °C,
35 cycles consisting of 1 min denaturation at 95 °C, 1 min
annealing at 50 °C, 1 min elongation at 72 °C, final elon-
gation for 7 min at 72 °C. PCR products were completely
loaded on 1 % agarose gels and visually inspected after gel
electrophoresis. Agar plugs containing DNA amplicons of
884 bp size were extracted using the QTAEX II® gel extrac-
tion kit (Qiagen). Sequencing of amplicons was performed
bi-directional at LGC Genomics GmbH (Berlin, Ger-
many). The chromatograms were visually inspected using
Chromas Version 2.4.1, the sequences were edited using
SeqBuilder Version 10.1.1 and the complementary sequen-
ces were joined using MegAlign Version 10.1.1. The resul-
ting sequences were subjected to a database query (Basic
Local Alignment Search Tool, BLAST) against the data-
base of the National Center for Biotechnology Information
(NCBI), the entry with the best percentage accordance was
chosen for final identification. Moreover, the atpD sequen-
ces were aligned and clustered using BioNumerics V.7.6
(Applied Maths, Sint-Martens-Latem, Belgium). Cluste-
ring was performed using fast algorithm and UPGMA.

Antibiotic susceptibility testing

Antibiotic susceptibility testing was performed by disk dif-
fusion method according to the EUCAST, version 6.0 from
January 2017 (EUCAST 2017b). Oxoid™ Miiller-Hinton-
Agar (MHA) plates were purchased from Thermo Fisher
Scientific (Wesel, Germany); antibiotic disks were obtained
from Mast Diagnostica (Reinfeld, Germany). The disks
were applied to the agar plates using a DiscMaster 4 anti-
biotic disc dispenser (Mast Diagnostica). Isolates were ge-
nerally incubated 16-20 h at 35+1 °C; isolates that were not
able to grow at these conditions were incubated at 30 °C.
Zone diameters were read in duplicates accurate to a milli-
meter, whereas different MHA charges were used at diffe-
rent days. Tests for quality control with reference strains
were conducted in parallel. In cases where zone diameters
differed more than 3 mm, a third repetition of the analysis
was conducted. Per isolate, a maximum of four analyses
was performed and the arithmetic mean of all diameters
was calculated.

In total, all 109 isolates were screened for their suscep-
tibility to a panel of 15 antibiotics from different substance
groups, enabling an identification of MDRGN bacteria.
The tested antibiotics were: ampicillin (10 pg), aztreonam
(30 pg), cefepime (30 pg), cefotaxime (5 pg), cefoxitin
(30 pg), cefpodoxime (10 pg), ceftazidime (10 pg), cefuro-
xime (30 pg), chloramphenicol (30 pg), ciprofloxacin (5 ug),
gentamicin (10 pg), meropenem (10 pg), piperacillin/tazo-
bactam (30 pg/6 pg), tigecycline (15 pg) and co-trimoxazole
(1.25 pg/23.75 pg). In case of Salmonella spp. pefloxacin
(5 ng) instead of ciprofloxacin was used as recommended
by EUCAST. Interpretation of the zone diameters was per-
formed according to the breakpoint tables version 7.0 pu-
blished by EUCAST (EUCAST 2017a). The zone diame-
ters of tigecycline are validated for E. coli only; however
the interpretation of all investigated species was based on

these values to get an indication for tigecycline susceptibi-
lity. For data analysis, the percentage of all isolates classi-
fied into the cut-off values according to the above mentio-
ned breakpoints and the percentage of the isolated genera
resistant to the tested antibiotics was calculated, the values
were rounded to the first decimal place.

Phenotypical Extended-Spectrum B-Lactamases (ESBL)-testing

All 109 isolates were subjected to ESBL-testing using the
D68C AmpC & ESBL Detection Set (Mast Diagnostica)
according to the manufacturer’s instructions except that the
growth temperature was chosen according to the growth
temperatures during the antibiotic susceptibility testing.
Isolates phenotypically identified as AmpC and/or ESBL-
positive, or with ambiguous results according to D68C
analysis were further investigated by disk diffusion testing
according to ‘EUCAST guidelines for detection of
resistance mechanisms and specific resistances of clinical
and/or epidemiological importance’ (EUCAST, 2013). In
compliance with EUCAST, all isolates showing an inhi-
biting zone under 21 mm against cefpodoxime (10 pg) in
the antibiotic susceptibility testing were also included in
this test.

Results and Discussion

The bacterial isolates were collected within the course of a
project investigating the incidence and characterization of
potential human pathogenic bacteria in German fresh
produce. Data regarding the incidence of potentially
human pathogenic bacteria in fresh produce will be pub-
lished and discussed elsewhere. The purpose of this pub-
lication is presenting antibiotic susceptibility analyses of
Enterobacteriaceae strains isolated from sprouts, mixed and
ready-to-eat salads.

Verification of the presumptive Enterobacteriaceae
isolates by atpD sequencing

According to Paradis, et al. (2005) partially sequencing of
the atpD gene was chosen for molecular identification of
the isolates as these authors described that distances based
on atpD sequences provide higher discriminating power
compared to 16S TRNA gene sequencing, especially within
the Enterobacteriaceae family. The 109 isolates were iden-
tified as: Enterobacter spp. (n=36), Citrobacter spp. (n=19),
Rahnella spp. (n=13), Klebsiella spp. (n=12), Erwinia spp.
(n=10), Serratia spp. (n=6), Salmonella (S.) enterica ssp. en-
terica (n=6), Pantoea (P.) agglomerans (n=3), E. coli (n=2),
Kluyvera (K.) intermedia (n=1) and Kosakonia (K.) cowa-
nii (n=1). Clustering of the atpD sequences revealed di-
stinctive clusters of each identified genera, emphasizing the
correct identification at least on genus level (Figure 1).

Antibiotic susceptibility testing
The mean values of the zone diameters were classified
according to the breakpoint tables from EUCAST into the
cut-off values ‘susceptible’, ‘intermediate’ and ‘resistant’
(EUCAST 2017a). The results from this classification are
listed in Table 1. Table 2 gives an overview of the percen-
tage of isolated genera resistant to the tested antibiotics.
None of the isolates showed any resistance to cefepime,
gentamicin, meropenem, piperacillin-tazobactam, tigecy-
cline, co-trimoxazole or pefloxacin. However, 46.8 %
(n=51) of all Enterobacteriaceae isolates showed an inter-
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o - ] _ mediate reaction to cefepime (Table 1).
g g 5 3 2 85 g g 3 s s 5 s s 8 Genus. Species Strain number . .
Enterobacer  coacae seaNn These results emphasize the usage of tigecy-
Enterobacter  sp. SP-EN 162 . . .
Enteobacter  5p spEn a4 cline or co-trimoxazole as last-resort antibio-
Enermaces b Voot tic (RKI 2012, Schulze-Stiibner et al. 2016)
Crerobacer e g or the use of gentamicin and meropenem for
Enterobactr - asturiae e sas the treatment of 4AMRGN (Schulze-Stiibner,
Enterobacter asburiae Ms 698 )
— Enterobacter  asburiae s 708 et al. 2016).
Enterobacter asburiae Ms 718
— S @ werz Most of the isolates showed resistances to
Enterbacter  5p SPEN 165 further tested B-lactam antibiotics. In ascen-
Enterobacter  sp. SP-EN 229 . .
Enteobacter  sp. sPEN s ding order 14.7 % (n=16) of all isolates were
Enterobacter SP-EN 265 . . qe
i Enentucer . e ras resistant to ceftazidime, 52.3 % (n=57) to ce-
! T o furoxime, 56 % (n=61) to ampicillin, 57.8 %
Ereonaer Spenzre (n=63) to cefpodoxime and finally 61.5 %
‘E Enerner sren e (n=67) showed resistances to cefoxitin
Enterbacter . speNe (Table 1). These resistances were not evenly
sp. SP-EN 245 . . . ;
— Enterobacter  cloacae ws 304 distributed among all genera. While the resi-
Enterobacter cloacae MS 395 .
_‘ Enterbacter  cloacae ws 403 stance rates of Enterobacter spp. and Citro-
i i i bacter spp. isolates were generally high, what
|—| Cheromaer | suae i is possibly due to their possession of genes
L5 b ashuiae s 1 coding for AmpC-B-lactamases (Barlow and
Enterobacter asburiae SP-EN 15 .
asburiae ws 608 Hall 2002, Pitout et al. 1997), only 27.8 %
. Citrobacter amalonaticus SP-SA 03 .
R ——— spsAos (n=10) of Enterobacter spp. isolates and
Citrobacter amalonaticus. SP-SA 05 . .
el sp.sAce 31.6 % (n=6) of Citrobacter spp. isolates
. Citrobacter amalonaticus. SP-SA 07 L2 T . .
| = chrobaser o o o0 exhibited a resistance mechanism to the
Citrobacter sp. MS 75 1 o 1 b=
B v o g third generation cephalosporin ceftazidime.
W Ctrobacer  freund SP-shoe Worth mentioning is the resistance rate to
. Citrobacter freundii SP-SA 10 Ve
B Cuobacer frowndi sPats ampicillin, where 86.1 % (n=31) of Entero-
B Civobacer freundii SP-SA 14 . . .
— B ctobser fewna sPsa 1t bacter spp. isolates showed resistance, while
Citrobacter sp. MsS 73 .
B = Citrobacter chundii SP-sA 12 Only 10.5 % (n:2) of Citrobacter Spp. had
. Citrobacter freundii SP-SA 01 th 3 t F th h 1
_|:| — e om0z is property. Furthermore, chromosoma
. Citrobacter freundii SP-SA 15 3 H
B e o el AmpC-B-lactamas_es:. are described in Serra-
W rosona  couant SPENTS tia spp. and Erwinia spp. (Rottman et al.
Escherichia coli SP-EC 01
_ | B col sneon 2002, Stock et al. 2003a, Stock et al. 2003b).
almonella  enterica subsp. enterica . .
Salmonella  entericasubsp. enferica M3 369 However, resistances of isolates of both ge-
Salmonella enterica subsp. enterica MS 501 oy .
Salmonella  entrica subsp. nterica M8 504 nera to the tested B-lactam antibiotics were
s omoncs o omenes R 100 only observed sporadically. Sole exception is
B o . the resistance of all tested Serratia spp. isola-
M etsiela - preunomiae sPENZE? tes (n=6) to cefuroxime, a second generation
| ] Klebsiella pneumomiae SP-EN 277 .
B Kebsela  preumonie sPENZ cephalosporin. Chromosomal AmpC-3-lac-
B Kebsiela peumomiae SP-EN 255 . . .
B sl preunoniae spanaz tamases are not described in species such as
. Kiebsiella sp. SP-EN 152 Kl . . .
L W el preumoniae speNg ebsiella pneumoniae, Klebsiella oxytoca
. Klebsiella pneumoniae SP-EN 13 o7 . . .
4‘:| T et preumonas PN and R. aquatilis (Jacoby 2009). An intrinsic
I s resistance of Klebsiella spp. to ampicillin is
|:| I, Kot described (Bouza and Cercenado 2002), this
W ewie  persiona Ks 40 could be observed in all tested Klebsiella iso-
B Erwinia rhapontici Ks 61 .
I_ |:|. Ewia  haponic Kses lates (n=12). The resistance rates of these
O Erwi rhaponti KS 84 . .
I Kes Klebsiella spp. isolates to the other tested B-
\_rg e St lactam antibiotics were marginal, what indi-
B e e cates differing resistance mechanisms that
—|:|‘r e e Koz are discussed elsewhere (Livermore 1995).
B e Ko 17 84.6 % (n=11) of the Rahnella isolates indi-
_Lﬂ B Rameln  aquats ws 113 cated resistances to ampicillin, cefpodoxime
‘ Rahnella aquatilis Ks 140 . . .
B Remels squatiis ks 75 and cefuroxime. In the literature, resistances
[I} s e oo of Rahnella spp. to ampicillin and cefuroxi-
B e s me were frequently observed, but also resi-
E T s roze stances to further aminopenicillines and first
’_l Sersts  Iuetariens Mo 270 generation cephalosporins (Rozhon et al.
Serratia liquefaciens Ms 277 . .
B Sovatia  fauefaciens ws 280 2012). Cefpodoxime is regarded as the most
4| Serratia liquefaciens Ks 71 o . . o« . . . .
Semstia marcescens s 355 sensitive individual indicator cephalosporin
T e e o for detection of ESBL production and may
— Fontoea odomerne S be used for screening according to EUCAST
FIGURE 1: Dendrogram of the cluster analysis of atpD genes showing distinctive clusters  (EUCAST 2013).
of each identified genera, emphasizing the correct identification at least on For the classification of the tested isolates

genus level. Isolates that belong to the same genus are highlighted in indivi- in MDRGN, the recommendation of the
dual colors. Clustering was performed using fast algorithm and UPGMA. Commission for Hospital Hygiene and Infec-
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of resistances was identified as Enterobacter
asburiae and exhibited resistance to seven

TABLE 1: Classification of all isolates (n=109) into the cut-off values “susceptible”,
“intermediate“ and “resistant”. “—“ value not defined according to

EUCAST (EUCAST 2017a). antibiotics, in addition this strain was inter-
Antibiotic Cut-off values [%] mediate to five further antibiotics. Except of
Susceptible Intermediate Resistant one Citrobacter freundll Strain, which was
Ampiclin 140 _ 50 isolated from sprouts, the five other SMRGN
isolates were collected from mixed salad
Aztreonam 596 349 55 samples.
Cefepime 532 4.8 0 Although fruit- and vegetable-based out-
Cefotaxime 844 138 18 breaks with some members of the Enterob-
Cefoxitin 385 N 615 acteriaceae have been described occasionally
‘ ‘ ‘ in Germany (Bundesinstitut fiir Risiko-
Cefpodoxime 422 - 578 bewertung 2009a, b, 2010, 2011, 2012, 2013,
Ceftazidime 523 30 147 2014, 2015), according to the authors’ aware-
Cefuroxime 47 _ 573 ness no verified outbreaks of the genera and
CHormphenic %3 : 7 species that were characterized as 3SMRGN
: : in this study have been described in
Ciprofloxacin (all strains except Salmonella spp.; n=103) 524 320 155 Germany in the recent years. However, it has
Gentamicin 954 46 0 to be kept in mind that intestinal gene trans-
Meropenem 1000 0 0 fer of antimicrobial resistance genes is not
— uncommon and potentially pathogenic bac-
Pperaclin azobactam %27 13 0 teria may gather resistance genes (Huddles-
Tigecyciine 817 183 0 ton 2014, Hwang et al. 2017).
Co-trimoxazole 1000 0 0 .
Pefloxacin (Salmonella spp.; n=6) 100.0 - 0 ESBL-testing

According to the D68C testing, seven isola-
tes were identified as ESBL-positive, 19 iso-

tion Prevention (KRINKO) from the Robert Koch Institu-
te (RKI) was chosen. This classification is based on the be-
havior against four antibiotics substance groups (respective
their guide substances): acylureidopenicillins (piperacillin),
3 or 4™ generation cephalosporins (cefotaxime and/or
ceftazidime, carbapenems (meropenem and/or imipenem)
and fluorochinolones (ciprofloxacin). Isolates that are
resistant or intermediate to the guide substances of all four
substance groups are regarded as 4MRGN. If resistant or
intermediate behavior is detected to all guide substances
except the carbapenems, the isolates are regarded as
3MRGN (RKI 2012). All 109 isolates were tested against a
combination of piperacillin and tazobactam and not against
piperacillin solitary.

Out of all 109 isolates, no 4AMRGN could be identified
as all isolates were susceptible to meropenem. However, six
isolates were classified as 3MRGN. Four of these six iso-

lates were recognized as AmpC-positive, 34 isolates sho-
wed a negative result and a total of 49 isolates indicated
ambiguous results necessitating further investigation.
AmpC-positive isolates were distributed over the genera
Citrobacter, Erwinia and Enterobacter. This is in good
agreement with the already observed and above discussed
resistance behavior to B-lactam antibiotics. Inducible chro-
mosomal AmpC-B-lactamases were described in Citrobac-
ter freundii and Erwinia rhapontici, in the majority of
species belonging to Enterobacter spp. except E. gergoviae
(Barlow and Hall 2002, Jacoby 2009, Naas et al. 2004, Pitout,
etal. 1997). Allsix Serratia spp. isolates and the sole K. inter-
media isolate were identified as AmpC-negative, although
inducible chromosomal AmpC-B-lactamases are described
in the literature (Rottman, et al. 2002, Stock, et al. 2003a,
Stock, et al. 2003b). In the same way, no AmpC-B-lactama-
ses could be phenotypically identified in E. coli, Klebsiella

spp., K. cowanii, P. agglomerans, Rahnella spp. and S. enter-
ica ssp. enterica. According to the literature, these genera

lates belong to the genus Enterobacter and two to the genus
Citrobacter. One isolate which showed the highest amount

TABLE 2: Percentage of isolated genera resistant to the tested antibiotics, ‘n.d.” not determined.

AMP ATM CPM CTX FOX CPD CAZ CXM CAP CPP GEN MEM TZP TGC SXT PEF
Enterobacter spp. (n=36) 81 56 0 28 100 778 278 75 83 19 0 0 0 0 0 nd
Citrobacter spp. (n=19) 105 158 0 0 100 100 316 526 474 211 0 0 0 0 0 n.d.
Rahnella spp. (n=13) 846 0 0 17 71 86 0 846 308 0 0 0 0 0 0 n.d.
Klebsiella spp. (n=12) 00 0 0 0 8 83 0 167 5 50 0 0 0 0 0 nd
Erwinia spp. (n=10) 40 10 0 0 40 30 0 10 0 10 0 0 0 0 0 n.d.
Serratia spp. (n=6) 0 0 0 0 50 0 0 100 0 0 0 0 0 0 0 nd
S. enterica ssp. enterica (n=6) 0 0 0 0 0 0 0 0 0 nd 0 0 0 0 0 0
P agglomerans (n=3) 0 0 0 0 67 33 0 0 0 0 0 0 0 0 0 nd
E coli(n=2) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 nd
K. intermedia (n=1) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 nd
K. cowanii (n=1) 00 0 0 0 100 0 0 0 0 0 0 0 0 0 0 nd

AMP = ampicilin; ATM = aztreonam; CPM = cefepime; CTX = cefotaxime; FOX = cefoxitin; CPD = cefpodoxime; CAZ = ceftazidime; CXM = cefuroxime; CAP = chloramphenicol, CIP = ciprofloxacin;
GEN = gentamicin; MEM = meropenem; TZP = piperacillin-tazobactam; TGC = tigecycling; SXT = co-trimoxazole; PEF = pefloxacin
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and species do not possess chromosomal AmpC-B-lactama-
ses (Bhatti et al. 2017, Jacoby 2009, Pitout, et al. 1997).

All seven isolates that were identified as ESBL-positive
by D68C testing belong to the genus Rahnella. Rahnella
spp. can typically be isolated from aqueous habitats and
soils (Berge et al. 1991, Brenner et al. 1998, Heulin et al.
1994, Selenska-Pobell et al. 1995), for which reason they
can also be found on fresh fruit and vegetables (Ragaert et
al. 2007, Ruimy et al. 2010a). Up to now, two B-lactamases
could be identified and characterized as ESBL in Rhanella
spp., namely RAHN-1 and RAHN-2 (Bellais et al. 2001,
Ruimy et al. 2010b).

All ambiguous, ESBL- and AmpC-positive, as well as
four negative isolates showing a zone of inhibition under
21 mm against cefpodoxime (10 pg) were subjected to
ESBL-testing according to EUCAST. None of these isola-
tes were confirmed to express ESBL.

Bush and Jacoby (2010) described a multitude of further
B-lactamases next to AmpC and ESBL. It could be assu-
med that such mechanisms have led to the differing results
in both tests. As a concluding classification of the isolates
the authors keep to the assessment according to EUCAST
testing. Therefore, no phenotypical expression of ESBL
could be detected in any of the 109 Enterobacteriaceae
isolates from sprouts, mixed and ready-to-eat salads bought
in south-western German supermarkets from April 2015
until February 2016.

In the literature several studies regarding the occurren-
ce of ESBL-positive isolates from fresh produce are descri-
bed. For example, Randall and co-workers examined inter
alia 400 fruit- and vegetable-samples for the presence of
ESBL-producing E. coli by phenotypical and molecular
methods. None of these samples was confirmed ESBL-
positive (Randall, et al. 2017). In 2011, Hassan et al. also
examined fruit- and vegetable-samples for ESBL-pro-
duction. From a total of 128 Enterobacteriaceae isolates
randomly chosen, two E. coli isolates and one Enterobacter
spp. strain could be confirmed as ESBL-positive (Hassan
et al. 2011). Bhutani et al. conducted antibiotic suscepti-
bility, but also ESBL-testing with isolates obtained from
iceberg lettuce. From a total of 138 bacterial isolates, two
K. pneumoniae isolates and one Serratia marcescens strain
showed a phenotypical ESBL-expression (Bhutani et al.
2015). A further study on ready-to-eat products confirmed
the occurrence of ESBL-positive E. coli in one of 32 exa-
mined salad samples (Egea et al. 2011). Margot et al. (2016)
published a study on the occurrence of Salmonella, L.
monocytogenes, shigatoxin-producing E. coli and ESBL-
producing Enterobacteriaceae in sprout samples collected
from the Swiss market, where three of the 102 were identi-
fied as ESBL-positive E. coli, K. variicola and E. cloacae.

In 2015, a Dutch study was published on the prevalence
and characterization of ESBL- and AmpC-producing
Enterobacteriaceae on retail vegetables. Overall, 5.2 % of
all 1216 vegetables samples collected between 2012 and
2013 were identified as affected by third generation cepha-
losporin resistant bacteria. The authors of the above study
also emphasize the health risks for consumers by asympto-
matic colonization and carriage of commensal species as
Citrobacter spp., Enterobacter spp. and E. coli, that may be
ingested with affected foodstuffs. These bacteria may be
transferred to more susceptible individuals (e. g. children,
elderly, immunocompromised people) and resistance genes
may be transferred to potentially pathogenic, intestinal
bacteria (van Hoek et al. 2015). In 2015, two Swiss studies

investigated the prevalence of ESBL-positive Entero-
bacteriaceae in products produced and sold in Switzerland
as well as products produced in foreign countries and
imported. The authors emphasize that the origin of the
products and international trade may be important factors
regarding the occurence of ESBL-positive Enterobacteria-
ceae in food (Niiesch-Inderbinen et al. 2015, Zurfluh et al.
2015). In this study, the majority of investigated products
was produced in Germany with single produces originating
from Spain, Italy and the Netherlands.

Conclusions

Up to now, based on literature data and the here presented
study, the incidence of MDRGN Enterobacteriaceae and
especially the incidence of ESBL-positive Enterobacteria-
ceae in fresh produce is low. However, this status may get
to a pivotal point in future, necessitating a prompt action
to maintain the safety and quality for consumers. The
authors of this study propose the screening of the here
analyzed product groups for the occurrence of bacterial
isolates and the characterization of their antibiotic resi-
stance profiles as well as potential ESBL-production capa-
bilities on a regular basis, to keep track of the development
of this issue. Especially, as these products are intended for
raw consumption without substantial processing that redu-
ces the bacterial load. As already proposed from other au-
thors the recommendation to wash and peel fresh produce
before raw consumption is still advisable (Schwaiger, et al.
2011a, Schwaiger et al. 2011b) to reduce the bacterial load.
Outer lettuce leaves have been described to house one to
two log CFU/g higher levels of bacteria compared to inner
leaves (Maxcy 1978). Washing of mixed salads reduces the
bacterial load by approximately 90 %; some commercial
producers even supplement citric acid, malic acid or tarta-
ric acid during the washing process to reach higher reduc-
tion levels. Also washing of sprouts for raw consumption is
recommended as the bacterial count can be reduced by two
log CFU/g when washed two times for five minutes in 1 %
acetic acid. Besides, short storage periods are advisable
(Schillinger and Becker 2007).

Acknowledgement

The authors thankfully acknowledge the technical assistan-
ce of Luisa Martinez, Lilia Rudolf and Andrea K. Schavitz.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

Barlow M, Hall BG (2002): Origin and evolution of the AmpC
beta-lactamases of Citrobacter freundii. Antimicrob Agents
Chemother 46: 1190-1198.

Bellais S, Poirel L, Fortineau N, Decousser JW, Nordmann P
(2001): Biochemical-Genetic Characterization of the Chromo-
somally Encoded Extended-Spectrum Class A B-Lactamase
from Rahnella aquatilis. Antimicrob Agents Chemother 45:
2965-2968.

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary

Journal of Food Safety and Food Quality 69, Heft 2 (2018), Seiten 27-76

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Ausgabe fur imr:livelyzachary

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

Berge O, Heulin T, Achouak W, Richard C, Bally R, Balandreau
J (1991): Rahnella aquatilis, a Nitrogen-Fixing Enteric Bac-
terium Associated with the Rhizosphere of Wheat and Maize.
Can J Microbiol 37: 195-203.

Bhatti MD, Kalia A, Sahasrabhojane P, Kim J, Greenberg DE,
Shelburne SA (2017): Identification and Whole Genome Se-
quencing of the First Case of Kosakonia radicincitans Causing
a Human Bloodstream Infection. Front Microbiol 8: 62.

Bhutani N, Muraleedharan C, Talreja D, Rana SW, Walia S,
Kumar A, Walia SK (2015): Occurrence of Multidrug Resistant
Extended Spectrum Beta-Lactamase-Producing Bacteria on
Iceberg Lettuce Retailed for Human Consumption. BioMed
Res Int 2015: 547547.

Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A,
Leschik-Bonnet E, Miiller MJ, Oberritter H, Schulze M (2012):
Gemiise und Obst in der Préavention ausgewéhlter chronischer
Krankheiten. Deutsche Gesellschaft fiir Erndhrung eV (DGE)
Bonn.

Bouza E, Cercenado E (2002): Klebsiella and Enterobacter: anti-
biotic resistance and treatment implications. Semin Respir
Infect 17: 215-230.

Brenner DJ, Muller HE, Steigerwalt AG, Whitney AM, O'Hara
CM, Kampfer P (1998): Two new Rahnella genomospecies that
cannot be phenotypically differentiated from Rahnella aqua-
tilis. Int J Syst Bacteriol 48: 141-149.

Bundesinstitut fiir Risikobewertung (2009a): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2007.
BfR-Stellungnahme 010/2009.

Bundesinstitut fiir Risikobewertung (2009b): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2008.
BfR-Stellungnahme 033/2009.

Bundesinstitut fiir Risikobewertung (2010): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2009.
BfR-Stellungnahme 033/2010.

Bundesinstitut fiir Risikobewertung (2011): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2010.
BfR-Stellungnahme 041/2011.

Bundesinstitut fiir Risikobewertung (2012): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2011.
BfR-Stellungnahme 035/2012.

Bundesinstitut fiir Risikobewertung (2013): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2012.
BfR-Stellungnahme 019/2013.

Bundesinstitut fiir Risikobewertung (2014): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2013.
BfR-Stellungnahme 030/2014.

Bundesinstitut fiir Risikobewertung (2015): An Krankheitsaus-
briichen beteiligte Lebensmittel in Deutschland im Jahr 2014.
BfR-Stellungnahme 039/2015.

Bush K, Jacoby GA (2010): Updated functional classification of
beta-lactamases. Antimicrob Agents Chemother 54: 969-976.

Cardinale E, Colbachini P, Perrier-Gros-Claude JD, Gassama A,
Aidara-Kane A (2001): Dual emergence in food and humans
of a novel multiresistant serotype of Salmonella in Senegal:
Salmonella enterica subsp. enterica serotype 35:c:1,2. J Clin
Microbiol 39: 2373-2374.

Egea P, Lopez-Cerero L, Navarro MD, Rodriguez-Bano J, Pas-
cual A (2011): Assessment of the presence of extended-
spectrum beta-lactamase-producing Escherichia coli in egg-
shells and ready-to-eat products. Eur J Clin Microbiol Infect
Dis 30: 1045-1047.

EUCAST (2017a): EUCAST Breakpoint tables for interpretation
of MICs and zone diameters Version 7.0. European Committee
on Antimicrobial Susceptibility Testing (EUCAST), European
Society of Clinical Microbiology and Infectious Diseases,
Basel, Switzerland.

EUCAST (2017b): EUCAST Disk Diffusion Method for Anti-
microbial Susceptibility Testing Version 6.0. European
Committee on Antimicrobial Susceptibility Testing (EU-
CAST), European Society of Clinical Microbiology and Infec-
tious Diseases, Basel, Switzerland.

EUCAST (2013): EUCAST guidelines for detection of resistance
mechanisms and specific resistances of clinical and/or epide-
miological importance. European Committee on Antimicrobial
Susceptibility Testing (EUCAST), European Society of Clini-
cal Microbiology and Infectious Diseases, Basel, Switzerland,
p. 11-19.

Franz E, Semenov AV, van Bruggen AH (2008): Modelling the
contamination of lettuce with Escherichia coli O157:H7 from
manure-amended soil and the effect of intervention strategies.
J Appl Microbiol 105: 1569-1584.

Hamilton-Miller JM, Shah S (2001): Identity and antibiotic sus-
ceptibility of enterobacterial flora of salad vegetables. Int J
Antimicrob Agents 18: 81-83.

Hassan SA, Altalhi AD, Gherbawy YA, El-Deeb BA (2011):
Bacterial load of fresh vegetables and their resistance to the
currently used antibiotics in Saudi Arabia. Foodborne Pathog
Dis 8: 1011-1018.

Heaton JC, Jones K (2008): Microbial contamination of fruit and
vegetables and the behaviour of enteropathogens in the phyl-
losphere: a review. J Appl Microbiol 104: 613-626.

Heulin T, Berge O, Mavingui P, Gouzou L, Hebbar KP, Balan-
dreau J (1994): Bacillus polymyxa and Rahnella aquatilis, the
Dominant N2-Fixing Bacteria Associated with Wheat Rhizos-
phere in French Soils. Eur J Soil Biol 30: 35-42.

Huddleston JR (2014): Horizontal gene transfer in the human
gastrointestinal tract: potential spread of antibiotic resistance
genes. Infect Drug Resist 7: 167-176.

Hwang D, Kim SM, Kim HJ (2017): Modelling of tetracycline re-
sistance gene transfer by commensal Escherichia coli food iso-
lates that survived in gastric fluid conditions. Int J Antimicrob
Agents 49: 81-87.

Jacoby GA (2009): AmpC beta-lactamases. Clin Microbiol Rev 22:
161-182.

Kim HS, Chon JW, Kim YJ, Kim DH, Kim MS, Seo KH (2015):
Prevalence and characterization of extended-spectrum-beta-
lactamase-producing Escherichia coli and Klebsiella pneumoni-
ae in ready-to-eat vegetables. Int J Food Microbiol 207: 83-86.

Liu S, Kilonzo-Nthenge A (2017): Prevalence of Multidrug-
Resistant Bacteria from U.S.-Grown and Imported Fresh
Produce Retailed in Chain Supermarkets and Ethnic Stores of
Davidson County, Tennessee. J Food Prot 80: 506-514.

Livermore DM (1995): beta-Lactamases in laboratory and clinical
resistance. Clin Microbiol Rev 8: 557-584.

Margot H, Ebner R, Peterhans S, Stephan R (2016): Occurrence
of Salmonella, L. monocytogenes, Shigatoxin-producing E. coli
and ESBL-producing Enterobacteriaceae in sprout samples
collected from the Swiss market. J Verbrauch Lebensm 11:
155-157.

Maxcy RB (1978): Lettuce Salad as a Carrier of Microorganisms
of Public-Health Significance. J Food Prot 41: 435-438.

Naas T, Aubert D, Vimont S, Nordmann P (2004): Identification
of a chromosome-borne class C beta-lactamase from Erwinia
rhapontici. ] Antimicrob Chemother 54: 932-935.

Niiesch-Inderbinen M, Zurfluh K, Peterhans S, Hachler H,
Stephan R (2015): Assessment of the Prevalence of Extended-
Spectrum beta-Lactamase-Producing Enterobacteriaceae in
Ready-to-Eat Salads, Fresh-Cut Fruit, and Sprouts from the
Swiss Market. J Food Prot 78: 1178-1181.

Niiesch-Inderbinen MT, Kayser FH, Hachler H (1997): Survey and
molecular genetics of SHV beta-lactamases in Enterobacteria-
ceae in Switzerland: two novel enzymes, SHV-11 and SHV-12.
Antimicrob Agents Chemother 41: 943-949.

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe fur imr:livelyzachary

56

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Journal of Food Safety and Food Quality 69, Heft 2 (2018), Seiten 27-76

Ausgabe fur imr:livelyzachary

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

O’Callaghan CH, Sykes RB, Griffiths A, Thornton JE (1976):
Cefuroxime, a new cephalosporin antibiotic: activity in vitro.
Antimicrob Agents Chemother 9: 511-519.

Osterblad M, Pensala O, Peterzens M, Heleniusc H, Huovinen P
(1999): Antimicrobial susceptibility of Enterobacteriaceae iso-
lated from vegetables. J] Antimicrob Chemother 43: 503-509.

Paradis S, Boissinot M, Paquette N, Belanger SD, Martel EA,
Boudreau DK, Picard FJ, Ouellette M, Roy PH, Bergeron MG
(2005): Phylogeny of the Enterobacteriaceae based on genes
encoding elongation factor Tu and F-ATPase beta-subunit. Int
J Syst Evol Microbiol 55: 2013-2025.

Paterson DL (2000): Recommendation for treatment of severe
infections caused by Enterobacteriaceae producing extended-
spectrum beta-lactamases (ESBLs). Clin Microbiol Infect 6:
460-463.

Paterson DL (2006): Resistance in gram-negative bacteria: Entero-
bacteriaceae. Am J Med 119: S20-28; discussion S62-70.

Pitout JD, Moland ES, Sanders CC, Thomson KS, Fitzsimmons
SR (1997): Beta-lactamases and detection of beta-lactam
resistance in Enterobacter spp. Antimicrob Agents Chemother
41: 35-39.

Ragaert P, Devlieghere F, Debevere J (2007): Role of micro-
biological and physiological spoilage mechanisms during
storage of minimally processed vegetables. Postharvest Biol
Technol 44: 185-194.

Randall LP, Lodge MP, Elviss NC, Lemma FL, Hopkins KL,
Teale CJ, Woodford N (2017): Evaluation of meat, fruit and
vegetables from retail stores in five United Kingdom regions as
sources of extended-spectrum beta-lactamase (ESBL)-pro-
ducing and carbapenem-resistant Escherichia coli. Int J Food
Microbiol 241: 283-290.

RKI (2012): Hygiene measures for infection or colonization with
multidrug-resistant gram-negative bacilli. Commission recom-
mendation for hospital hygiene and infection prevention
(KRINKO) at the Robert Koch Institute (RKI). Bundes-
gesundheitsblatt Gesundheitsforschung Gesundheitsschutz 55:
1311-1354.

Rosner B, Schewe T (2017): Gemeinsamer nationaler Bericht des
BVL und RKI zu lebensmittelbedingten Krankheitsaus-
briichen in Deutschland, 2015. J Verbrauch Lebensm 12: 73-83.

Rottman M, Benzerara Y, Hanau-Bercot B, Bizet C, Philippon A,
Arlet G (2002): Chromosomal ampC genes in Enterobacter
species other than Enterobacter cloacae, and ancestral asso-
ciation of the ACT-1 plasmid-encoded cephalosporinase to
Enterobacter asburiae. FEMS Microbiol Lett 210: 87-92.

Rozhon W, Khan M, Poppenberger B (2012): The natural anti-
biotic resistances of the Enterobacteriaceae, Rahnella and
Ewingella. In: Pana M (ed.), Antibiotic Resistant Bacteria-A
Continuous Challenge in the New Millennium. InTech.

Ruimy R, Brisabois A, Bernede C, Skurnik D, Barnat S, Arlet G,
Momcilovic S, Elbaz S, Moury F, Vibet MA, Courvalin P,
Guillemot D, Andremont A (2010a): Organic and conventional
fruits and vegetables contain equivalent counts of Gram-
negative bacteria expressing resistance to antibacterial agents.
Environ Microbiol 12: 608-615.

Ruimy R, Meziane-Cherif D, Momcilovic S, Arlet G, Andremont
A, Courvalin P (2010b): RAHN-2, a chromosomal extended-
spectrum class A beta-lactamase from Rahnella aquatilis. J
Antimicrob Chemother 65: 1619-1623.

Schillinger U, Becker B (2007): Frischsalate und Keimlinge. In:
Holzapfel WH (ed.), Lebensmittel pflanzlicher Herkunft.
Behr’s Verlag, Hamburg, p. 85-100.

Schulze-Stiibner S, Dettenkofer M, Mattner F, Meyer E, Mahlberg
R (2016): Multiresistente Erreger. Springer.

Schwaiger K, Helmke K, Holzel CS, Bauer J (2011a): Antibiotic
resistance in bacteria isolated from vegetables with regards to
the marketing stage (farm vs. supermarket). Int J Food Micro-
biol 148: 191-196.

Schwaiger K, Helmke K, Holzel CS, Bauer J (2011b): Compara-
tive analysis of the bacterial flora of vegetables collected direct-
ly from farms and from supermarkets in Germany. Int J
Environ Health Res 21: 161-172.

Selenska-Pobell S, Evguenieva-Hackenberg E, Schwickerath O
(1995): Random and repetitive primer amplified polymorphic
DNA analysis of five soil and two clinical isolates of Rahnella
aquatilis. Syst Appl Microbiol 18: 425-438.

Stock I, Burak S, Sherwood KJ, Gruger T, Wiedemann B (2003a):
Natural antimicrobial susceptibilities of strains of “unusual®
Serratia species: S. ficaria, S. fonticola, S. odorifera, S. plymu-
thica and S. rubidaea. J Antimicrob Chemother 51: 865-885.

Stock I, Grueger T, Wiedemann B (2003b): Natural antibiotic
susceptibility of strains of Serratia marcescens and the S. lique-
faciens complex: S. liquefaciens sensu stricto, S. proteamaculans
and S. grimesii. Int J Antimicrob Agents 22: 35-47.

van Hoek AHAM, Veenman C, van Overbeek WM, Lynch G, de
Roda Husman AM, Blaak H (2015): Prevalence and charac-
terization of ESBL-and AmpC-producing Enterobacteriaceae
on retail vegetables. Int J Food Microbiol 204: 1-8.

World Health Organization (2017): Global priority list of antibio-
tic-resistant bacteria to guide research, discovery, and develop-
ment of new antibiotics. Geneva: World Health Organization.

Zurfluh K, Niiesch-Inderbinen M, Morach M, Zihler Berner A,
Hachler H, Stephan R (2015): Extended-spectrum-beta-lacta-
mase-producing Enterobacteriaceae isolated from vegetables
imported from the Dominican Republic, India, Thailand, and
Vietnam. Appl Environ Microbiol 81: 3115-3120.

Address of corresponding author:

Dr. Melanie Huch

Max Rubner-Institut Karlsruhe

Institut fur Sicherheit und Qualitat bei Obst und
Gemuse

Haid-und-Neu-StraBe 9

76131 Karlsruhe

melanie.huch@mri.bund.de

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



