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ANTIBIOTIC RESISTANCE OF BACTERIA OF THE FAMILY ENTEROBACTERIACEA ISOLATED
FROM VEGETABLES - SHORT REPORT
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Antibiotic resistance of 114 strains of the Enterobacteriaceae family bacteria isolated from vegetables, originating from retail, was investigated in
the study. The highest number of the strains isolated were resistant to ampicilin (81.9%), whereas a lower number of the strains exhibited resistance to
the following antibiotics: neomycin (29.3%), streptomycin (28.4%), rifampicin (21.5%), chloramphenicol (19.8%), colistin (12.9%), and nitrofurantoin
(11.%). All the isolated strains appeared to be susceptible to vancomycin, kanamycin, doxycyclin, nalidixic acid and gentamycin.

INTRODUCTION

The Gram-negative bacteria occurring in vegetables con-
stitute a large and diversified group of bacteria represented,
most often, by the following genera: Citrobacter, Enterobac-
ter, Erwinia, Escherichia, Hafnia, and Proteus. Inside healthy
plant tissues there are no bacteria but only single cells. In
contrast, on the surface of vegetables there occurs sapro-
phytic and pathogenic microflora originating from soil, water,
sewage and air [Hamilton-Miller & Shah, 2001]. The number
of cells per one gram of vegetables ranges from a few hun-
dreds to a few millions. The most contaminated with micro-
organisms are root vegetables.

A systematic increase of the population of drug-resis-
tant strains is being observed, which poses difficulties in the
selection of antibiotics. Bacteria are likely to gain genes that
determine some forms of resistance to antibiotics from other
bacteria (sometimes even from bacteria of different genera).
That process proceeds owing to the so-called “horizontal
transfer of genes” occurring through conjugation, transfor-
mation and transduction.

Resistance to antibiotics is a natural phenomenon occur-
ring in nature. Yet, rapid appearance of resistance is deter-
mined by a variety of factors, including: excessive or improp-
er application of antibiotic therapies [Falkiner, 1998]. This
evokes a great selective pressure on microorganisms and
allows only the most resistant strains to survive. Microorgan-
isms contaminating food are likely to be resistant to chemio-
therapeutic agents and, consequently, they are disseminated
with food. Next, transpozones may transfer genes of resis-
tance to various antibiotics onto microorganisms coloniz-
ing the gastrointestinal tract of humans. Another problem
is the application of antibiotics in animal breeding not only

for therapeutic purposes but also for feeding the animals to
accelerate their body weight gain [Falkiner, 1998]. Reports
have also been provided on the use of antibiotics in plant
cultivation, e.g. in pomicultre in the form of aerosoles, which
enables introduction of antibiotic-resistant bacteria into con-
sumer’s organism [McManus et al., 2002]. It has also been
proved that some types of antibiotics are contaminated with
DNA fragments of bacteria that produce them [Markiewicz
& Kwiatkowski, 2001]. Taking all these into account, the
appearance of bacteria resistant to antibiotics seems and an
inevitable process. Resistant bacteria could have occurred on
vegetables due to a variety of reasons, e.g. the use of antibiot-
ics during cultivation of those plants or the application of fer-
tilizers or water contaminated with antibiotic-resistant bacte-
ria for irrigation [Czapski & Radziejewska, 2001].

The study was aimed at determining antibiotic resistance
of strains of Gram-negative rods of the family Enterobacteri-
aceae isolated from vegetables.

MATERIAL AND METHODS

The experimental material were vegetables originating
from retail. Root vegetables: radish, parsley root, carrot; and
greens: head lettuce, chives, iceberg lettuce, wild celery, cab-
bage and dill.

Gram-negative rods of the family Enterobacteriaceae were
isolated on VRBL culture medium (Merck). Colonies were
identified with the use of biochemical tests API (bioMérieux).
The next stage of the study involved determination of the sus-
ceptibility of the isolated strains to antibiotics. To this end,
use was made of the diffusion method on Miiller-Hinton cul-
ture medium (Merck) with disks by bioMérieux.

The susceptibility of the strains were determined towards
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the following antibiotics: ampicilin (AM), rifampicin (RA),
nitrofurantoin (F/M), vancomycin (VA), kanamycin (K),
gentamycin (GM), neomycin (N), streptomycin (S), nalidyxo-
ic acid (NA), colistin (CL), doxycyclin (D), and chloram-
phenicol (C).

TABLE 1. Occurrence of Gram-negative bacteria in vegetables.

Number of isolated
strains

Identified Gram-negative

Origin .
£ bacteria

(=2

Citrobacter freundii
Enterobacter aerogenes
Erwinia caratovora
Hafnia sp.
Proteus vulgaris

Radish

Citrobacter freundii
Enterobacter aerogenes
Escherichia coli
Hafnia sp.

Parsley root
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Citrobacter freundii
Enterobacter aerogenes
Escherichia coli
Hafnia sp.
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Lettuce

Citrobacter freundii
Enterobacter aerogenes
Erwinia caratovora
Hafnia sp.
Serratia marcescenes

Chives
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Citrobacter freundii
Enterobacter aerogenes
Hafnia sp.
Klebsiella sp.

Carrot
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Enterobacter aerogenes
Escherichia coli
Hafnia sp.

Iceberg lettuce

Escherichia coli
Hafnia sp.
Proteus vulgaris
Providencia sp.

Wild celery
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Enterobacter aerogenes
Hafnia sp. 1

Hafnia sp. 6

Dill

Cabbage

TABLE 2. Occurrence of strains resistant to antibiotics used in the study.

Diameter of growth inhibition zones of the strains exam-
ined was measured (mm). The division into resistant, medi-
um-susceptible and susceptible strains was carried out based
on the occurrence of size of the zones.

RESULTS AND DISCUSSION

The experiment resulted in the isolation of 114 strains
of Gram-negative bacteria of the family Enterobacteriace-
ae. After the identification, the strains classified to the fol-
lowing genera: Citrobacter freundii — 21 strains, Enterobac-
ter aerogenes — 41 strains, Erwinia carotovora — 5 strains,
Escherichia coli — 5 strains, Hafnia sp. — 30 strains, Klebsiel-
la sp. — 1 strain, Proteus vulgaris — 9 strains, Providencia sp. -
2 strains, and Serratia marcescens — 1 strain (Table 1).

The following genera of bacteria were isolated from veg-
etables with the highest frequency: Enterobacter aerogenes —
41 strains and Hafnia sp. — 30 strains as well as Citrobacter
freundii — 21 strains. Due to sporadic occurrence on vegeta-
bles, lower numbers of genera were determined for: Proteus
vulgaris — 9 strains, Erwinia sp. — S strains, Escherichia coli -
S strains, Providencia sp. — 2 strains, as well as Klebsiella sp.
and Serratia marcescens — 1 strain each (Table 1).

In the case of radish samples, 24 strains were isolated
and classified to the following genera: Hafnia sp. — 9 strains,
Citrobacter freundii — 6 strains, Proteus vulgaris — 4 strains,
Enterobacter aerogenes — 3 strains, and Erwinia carotovora —
2 strains. From head lettuce samples, 22 strains were isolat-
ed and classified to the following genera: Enterobacter aero-
genes — 3 strains, Citrobacter freundii — 6 strains, Hafnia sp.
- 2 strains, and Escherichia coli — 1 strain. In the case of ice-
berg lettuce, 16 strains were isolated that were predominated
by Enterobacter aerogenes — 12 strains. Next, 15 strains were
isolated from chives, 13 strains form parsley root, 9 strains
from wild celery, 8 strains from carrot, 6 strains from cab-
bage, and 2 strains from dill, including one strain of Entero-
bacter aerogenes and another one of Hafnia sp.

The frequency of occurrence of the antibiotic-resistant
strains in vegetables was presented in Table 2. The suscep-
tibility of the isolated strains to nitrofurantoin, rifampicin
and chloramphenicol was presented in Table 3a. Most of the
strains were resistant to 8 out of 12 antibiotics applied in the
study. The highest number of strains demonstrated resistance
to ampicilin: Hafnia sp. — 30 strains, Citrobacter freundii — 21

Total Antibiotics used in the study
Specics mmber | FM_ [ RA[ ¢ [va | K [ D [am[NaJca [N [am ] s
of strains Number of strains
Citrobacter freundii 21 12 21 0 0 0 0 21 0 10 9 0 9
Enterobacter aerogenes 41 0 0 22 0 0 0 19 0 0 0 0 0
Erwinia carotovora 5 0 3 0 0 0 0 5 0 3 0 0 0
Escherichia coli 5 0 0 0 0 0 0 S 0 0 3 0 4
Hafnia sp. 30 0 0 0 0 0 0 30 0 0 12 0 12
Klebsiella sp. 1 0 0 0 0 0 0 1 0 0 1 0 1
Proteus vulgaris 9 0 0 0 0 0 0 9 0 0 6 0 6
Providencia sp. 2 0 0 0 0 0 0 2 0 0 2 0 1
Serratia marcescens 1 1 0 0 0 0 0 1 0 0 0 0 0
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TABLE 3a. Antibiotic characteristics of the strains isolated.

Antibiotics used in the study
Nitrofurantoin Rifampicin Chloramphenicol
Strains
. No: of No. of . Nof of No. of . NO.’ of No. of
No. of resis-| medium- . No. of resi- | medium- . No. of resi- | medium- .
. . susceptible . . susceptible . . susceptible
tant strains | susceptible . stant strains | susceptible . stant strains | susceptible .
. strains . strains . strains
strains strains strains
Citrobacter freundii 12 9 0 21 0 0 0 11 10
Enterobacter aerogenes 0 41 0 0 0 41 22 19 0
Erwinia carotovora 0 0 S 3 2 0 0 2 3
Escherichia coli 0 2 3 0 S 0 0 S 0
Hafnia sp. 0 15 15 0 30 0 0 15 15
Klebsiella sp. 0 0 1 0 1 0 0 1 0
Proteus vulgaris 0 3 6 0 9 0 0 5 4
Providencia sp. 0 1 1 0 2 0 0 1 1
Serratia marcescens 1 0 0 0 0 1 0 0 1
TABLE 3b. Antibiotic characteristics of the strains isolated.
Antibiotics used in the study
Vancomycin Kanamycin Doxycyclin
No. of No. of No. of
Strains No. of resis-| medium- No. O.f No. of resi- | medium- No. O.f No. of resi- | medium- No. qf
. . susceptible . . susceptible . . susceptible
tant strains | -susceptible . stant strains | susceptible . stant strains | susceptible .
. strains . strains . strains
strains strains strains
Citrobacter freundii 0 13 8 0 21 0 0 21 0
Enterobacter aerogenes 0 0 41 0 41 0 0 41 0
Erwinia carotovora 0 1 4 0 S 0 5 0
Escherichia coli 0 3 0 0 S 0 5 0
Hafnia sp. 0 15 15 0 17 13 0 30 0
Klebsiella sp. 0 1 0 0 1 0 1 0
Proteus vulgaris 0 S 0 3 0 9 0
Providencia sp. 0 1 1 0 2 0 0 2 0
Serratia marcescens 0 1 0 0 0 1 0 0 1
TABLE 3c. Antibiotic characteristics of the strains isolated.
Antibiotics used in the study
Ampicilin Nalidyxoic acid Colistin
No. of No. of No. of
Strains No. of resis-| medium- No-oF o of resi- | medium- No-of o of resi- | medium- No. o
. . susceptible . . susceptible . . susceptible
tant strains | susceptible . stant strains | susceptible . stant strains | susceptible .
. strains . strains . strains
strains strains strains
Citrobacter freundii 21 0 0 0 21 0 10 11 0
Enterobacter aerogenes 19 22 0 0 0 41 0 41 0
Erwinia carotovora 5 0 0 0 2 3 3 2 0
Escherichia coli 5 0 0 0 0 5 0 2 3
Hafnia sp. 30 0 0 0 14 16 0 15 15
Klebsiella sp. 1 0 0 0 0 1 0 1 0
Proteus vulgaris 9 0 0 0 5 2 0 2 7
Providencia sp. 2 0 0 0 0 2 0 1 1
Serratia marcescens 1 0 0 0 1 0 0 1 0
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TABLE 3d. Anibiotic characteristics of the strains isolated.

Antibiotics used in the study
Neomycyn Gentamycin Streptomycin
Strains No. of resis- mI:g{u?rf]— No-of o of resi- mlzgi‘u?rfl— No-of o of resi- mlzzl){u(;rfl— No.of
tant strains | susceptible susceptlble stant strains | susceptible susceptlble stant strains | susceptible susceptlble

strains strains strains strains strains strains
Citrobacter freundii 9 12 0 0 21 0 9 12 0
Enterobacter aerogenes 0 41 0 0 41 0 0 12 29
Erwinia carotovora 0 3 2 0 2 3 0 5 0
Escherichia coli 3 2 0 0 3 2 4 1 0
Hafnia sp. 12 18 0 0 13 17 12 18 0
Klebsiella sp. 1 0 0 0 1 0 1 0 0
Proteus vulgaris 6 3 0 0 5 4 6 3 0
Providencia sp. 2 0 0 0 2 0 1 1 0
Serratia marcescens 0 1 0 0 0 1 0 0 1
strains, Enterobacter aerogenes — 19 strains (Table 3c). A con- CONCLUSIONS

siderable number of strains appeared to be resistant to neo-
mycin: Hafnia sp. - 12 strains, Citrobacter freundii — 9 strains,
Proteus vulgaris — 6 strains (Table 3d), as well as to strepto-
mycin: Hafnia sp. — 12 strains, Citrobacter freundii — 9 strains,
Proteus vulgaris — 6 strains, Escherichia coli — 4 strains, Kleb-
siella sp. and Providencia sp. — 1 strain each (Table 3d). This
has been confirmed by previous investigations into antibiot-
ic resistance of Gram-negative bacteria isolated from food
[Laniewska-Moroz et al., 1998].

The Gram-negative bacteria appeared not to be resis-
tant to the following antibiotics: vancomycin, kanamycin,
nalidyxoic acid and gentamycin (Table 3b,c,d) [Osterblad
etal., 1999; Levy, 1984].

Since the last reports, the antibiotic resistance of bacteria
of the family Enterobacteriaceae isolated from vegetables has
been observed to change [Hamilton-Miller & Shah, 2001].
Amongst the isolated strains, there occurred strains resistant
to doxycyclin, colistin, neomycyn and streptomycin (Table
3b,c,d). The highest numbers of bacteria were resistant to
ampicilin, which points to an increasing occurrence of anti-
biotic-resistant bacteria among strains contaminating fresh
vegetables (Table 3c) [Levy, 1992].

Bacteria of the family Enterobacteriaceae display a vari-
ety of mechanisms antibiotic resistance, e.g. enzymes inac-
tivating antibiotics, mechanisms of antibiotics removal from
bacterial cells or mechanisms of reduced permeability of cell
walls for antibiotics. All those mechanisms determine resis-
tance to individual chemiotherapeutic agents [Dzierzanowska
et al., 2004]. The percentage of Gram-negative bacteria resis-
tant to particular chemiotherapeutic agents is observed to
increase [Markiewicz & Kwiatkowski, 2001]. Another group
of chemiotherapeutic agents that the Gram-negative bacteria
are resistant to are glycylocicins — derivatives of tetracyclins
[Kapperud et al., 1995]. Vegetables available in retail and
contaminated with antibiotic-resistant bacteria may readily
penetrate into the gastrointestinal tract of a consumer [Oster-
blad et al., 1999, Taorimina, ef al., 1999]. Therefore, fresh, not
cooked vegetables can be a potential source of bacteria resis-
tant to antibiotics.

1. The experiment resulted in the isolation of strains of
Gram-negative bacteria belonging to the family Enterobac-
teriaceae that were classified to the following genera: Citro-
bacter freundii, Enterobacter aerogenes, Erwinia carotovora,
Escherichia coli, Hafnia sp., Klebsiella sp., Proteus vulgaris,
Providencia sp., and Serratia marcescens.

2. The strains isolated were resistant to 8 out of 12 anti-
biotics used in the study. The highest number of the strains
demonstrated resistance to ampicilin, including: Hafnia sp.,
Citrobacter freundii, Enterobacter aerogenes.

3. All the strains isolated appeared to be susceptible to:
vancomycin, kanamycin, nalidyxoic acid and gentamycin.
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OPORNOSC NA ANTYBIOTYKI PALECZEK Z RODZINY ENTEROBACTERIACEA
WYIZOLOWANYCH Z WARZYW - KROTKI KOMUNIKAT

Lucja Laniewska-Trokenheim, Marcin Sobota, Iwona Warmiriska-Radyko

Katedra Mikrobiologii Przemystowej i Zywnosci, Uniwersytet Warmirisko-Mazurski w Olsztynie, Olsztyn

Okreslono oporno$¢ na antybiotyki 114 szczepdw paleczek z rodziny Enterobacteriaceae wyizolowanych z warzyw,
pochodzacych z handlu detalicznego. Wsrdd wyizolowanych szczepdw najwigcej byto opornych na ampicyling 81,9%, nato-
miast mniej szczepdw wykazywalo oporno$¢ na nastepujace antybiotyki: neomycyng 29,3%, streptomycyng 28,4%, rifampicyne
21,5%, chloramfenikol 19,8%, kolistyn¢ 12,9%, nitrofurantoing w 11,2%. Wszystkie wyizolowne szczepy byly wrazliwe na
wankomycyne, kanamycyne, doksycykling, kwas nalidyksowy oraz gentamycyng (tab. 3).






