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Due to the multiplicity of antibiotics, infections caused by
drug-resistant bacteria did not represent a medical problem
until the early 1980s. However, evolution of bacteria towards
resistance has been considerably accelerated by the selective
pressure exerted by overprescription of drugs in clinical set-
tings and their heavy use as growth promoters for farm ani-
mals. Since bacteria have the remarkable ability to develop
resistance to every antibiotic, we can anticipate that even bac-
terial species such as Listeria, which are still considered to be
susceptible to almost all antibiotics, will evolve toward multire-
sistance.

Listeria spp. are ubiquitous bacteria widely distributed in the
environment (20, 41). Among the seven species of Listeria, only
Listeria monocytogenes is commonly pathogenic for humans. It
can cause serious infections such as meningitis or septicemia in
newborns, immunocompromised patients, and the elderly or
lead to abortion (16, 20, 27, 41, 43). Although human listeriosis
occurs only sporadically (16, 41, 43) several outbreaks have
been observed during the last two decades (20, 25, 43). It is
now established that food-borne transmission constitutes the
main route of acquisition of listeriosis (16, 34, 41, 43). Despite
efficient antibiotic therapy, listeriosis represents a public health
problem since it is fatal in up to 30% of cases (16, 26). In
general, isolates of L. monocytogenes, as well as strains of other
Listeria spp., are susceptible to a wide range of antibiotics
except cephalosporins and fosfomycin (23, 24). The treatment
of choice for listeriosis remains the administration of ampicil-
lin or penicillin G combined with an aminoglycoside, classically
gentamicin (4, 12, 18, 20, 26, 27, 29, 31, 32). The association of
trimethoprim with a sulfonamide, such as sulfamethoxazole in
co-trimoxazole, is considered to be a second-choice therapy.
The most active agent in the combination seems to be tri-
methoprim, which is synergized by sulfamethoxazole (4, 26, 27,
29, 32, 43). Most isolates from clinical as well as food-borne
and environmental sources are susceptible to the antibiotics
active against gram-positive bacteria. The first L. monocyto-
genes strains resistant to antibiotics were reported in 1988 (35).
The strains were resistant to .10 mg of tetracycline per ml.
The first multiresistant strain of L. monocytogenes was isolated
in France in 1988 (35). Since then, other strains of Listeria spp.
isolated from food or the environment or in sporadic cases of
human listeriosis resistant to one or several antibiotics have
been described (2, 9, 14, 15, 18, 21, 30, 36, 38, 44). This review
will focus on the recent emergence of antibiotic resistance in
Listeria spp. by acquisition of three types of mobile genetic

elements: self-transferable and mobilizable plasmids and con-
jugative transposons (2, 8, 9, 21, 35, 36).

IN VITRO AND IN VIVO CONJUGATIVE TRANSFER OF
RESISTANCE IN LISTERIA SPP.

Several studies have described the transfer by conjugation of
enterococcal and streptococcal plasmids and transposons car-
rying antibiotic resistance genes from Enterococcus-Streptococ-
cus to Listeria and between species of Listeria (17, 33, 47).
Plasmid pIP501, initially detected in Streptococcus agalactiae,
has a broad host range and confers resistance to chloramphen-
icol, macrolides, lincosamides, and streptogramins (13). Trans-
fer by conjugation of pIP501 from S. agalactiae to L. monocy-
togenes, L. murrayi, and L. grayi was obtained at frequencies of
approximately 1026. Plasmid pIP501 was then able to replicate
in Listeria and to promote its own transfer between strains of
Listeria and from Listeria back to Streptococcus (33, 47). The
broad-host-range plasmid pAMb1 of Enterococcus faecalis,
conferring resistance to erythromycin, was transferred success-
fully by conjugation from E. faecalis to L. monocytogenes at
frequencies ranging from 1024 to 1028 (17). This plasmid
could replicate in the new host and be transferred by conjuga-
tion between strains of L. monocytogenes and from L. mono-
cytogenes back to E. faecalis. Plasmid pAMb1 was also com-
patible with two cryptic plasmids of L. monocytogenes (17).
Plasmid pRYC16 is a conjugative cryptic replicon which is
widespread in Listeria (33). This plasmid could mobilize pDB1,
a nonconjugative plasmid of Bacillus subtilis, from L. grayi to L.
monocytogenes (47). Another study reported the transfer of a
plasmid carrying the vanA gene cluster, conferring glycopep-
tide resistance, from E. faecium to L. monocytogenes, L. ivano-
vii, and L. welshimeri (3). In retransfer experiments using Lis-
teria transconjugants as donors, vancomycin resistance was
transferred to L. monocytogenes, L. ivanovii, L. welshimeri, L.
innocua, and L. seeligeri with a frequency higher than that in
the primary matings (3).

Tn916, initially detected in E. faecalis, is a broad-host-range
conjugative transposon carrying the tet(M) gene conferring
resistance to tetracycline-minocycline (47). Transfer by conju-
gation of Tn916 was obtained at a frequency of 1026 from E.
faecalis to L. innocua. Then, Tn916 mediated its own transfer
from L. innocua to L. murrayi and L. grayi and from these three
species of Listeria to E. faecalis, S. agalactiae, Streptococcus
pneumoniae, and Erysipelothrix rhusiopathiae (47). Conjugative
transfer of the Tn916-related transposon Tn1545, initially
found in S. pneumoniae, was obtained from E. faecalis to L.
monocytogenes in vitro and in vivo (11, 36). The in vitro trans-
fer frequency from E. faecalis to L. monocytogenes was in-
creased when the experiments were performed in the presence
of subinhibitory concentrations of tetracycline. In addition, low
doses of tetracycline increased transfer in vivo in the intestinal
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bactériens, Institut Pasteur, 28 rue du Dr. Roux, 75724 Paris Cedex 15,
France. Phone: (33) (1) 45 68 83 20. Fax: (33) (1) 45 68 83 19. E-mail:
pcourval@pasteur.fr.

† Present address: Department of Infectious Diseases, St. Jude Chil-
dren’s Research Hospital, Memphis, TN 38105-2794.

2103

 on A
pril 24, 2019 by guest

http://aac.asm
.org/

D
ow

nloaded from
 

http://aac.asm.org/


tract of gnotobiotic mice (11). L. monocytogenes is frequently
found in the digestive tract in humans and animals where
diverse species of Enterococcus and Streptococcus harboring
conjugative plasmids and transposons are also present at very
high numbers. This observation reinforces the notion that the
intestinal tract represents an ecosystem most favorable to di-
rect exchange of genetic information between these two bac-
terial genera.

ACQUIRED MULTIPLE RESISTANCE IN
L. MONOCYTOGENES MEDIATED BY

SELF-TRANSFERABLE PLASMIDS

Multiple antibiotic resistance in L. monocytogenes which ap-
peared to be transferable to Enterococcus, Streptococcus, and
Staphylococcus was reported for three clinical strains (Table 1),
two isolated in France (2, 35, 38) and one in Switzerland (21).

The first strain, BM4210, was isolated in 1988 at the Hospital
of Dijon from an 84-year-old patient with meningoencephalitis
(35) and was resistant to chloramphenicol (MIC, 64 mg/ml),
erythromycin (MIC, 2,048 mg/ml), streptomycin (MIC, 256 mg/
ml), and tetracycline (MIC, 128 mg/ml)-minocycline (MIC, 8
mg/ml) (Tables 1 and 2). The resistance determinants were
carried by plasmid pIP811, which was more stable in the genera
Enterococcus and Streptococcus than in Listeria and Staphylo-
coccus (35). Transfer by conjugation of pIP811 was obtained at
higher frequencies between strains of L. monocytogenes and/or
Enterococcus-Streptococcus than among Staphylococcus strains
(35). Moreover, pIP811 exhibited high structural similarity
with pAMb1, the prototype of broad-host-range resistance
plasmids from Enterococcus-Streptococcus (17, 35). The genes
conferring resistance to chloramphenicol, erythromycin, and
streptomycin were homologous to cat221 (encoding a chlor-
amphenicol acetyltransferase), ermAM (encoding an rRNA
methylase), and aad6 (encoding a 6-N-aminoglycoside nucle-
otidyltransferase) (Table 3), which are common in Enterococ-
cus and Streptococcus (35) (Fig. 1). Taken together, these
observations strongly suggest that emergence of multiple anti-
biotic resistance in L. monocytogenes BM4210 results from
acquisition under natural conditions of a plasmid originating
from Enterococcus-Streptococcus (35).

The tetracycline-minocycline resistance determinant was
characterized as a novel class of genes named tet(S), similar to
tet(M) and tet(O), which confer resistance by ribosomal pro-
tection (6) (Table 3). The tet(S) gene, initially detected in
strain BM4210, was later found in the two other multiresistant
L. monocytogenes clinical isolates (6) (Fig. 1). The gene was
also detected, alone or associated with tet(M) and/or tet(L), in
22 clinical isolates of E. faecalis resistant to tetracycline-mino-
cycline (7) (Fig. 1). Transfer of tet(S) from eight strains of E.
faecalis harboring this gene alone, to E. faecalis and/or to L.
monocytogenes, was obtained by conjugation, confirming the
enterococcal origin of tet(S) (7). Further analysis of five clinical
strains of E. faecalis harboring tet(S) showed that transfer of
the gene between strains of E. faecalis required the presence in
the donor of a conjugative plasmid. Transfer occurred from
chromosome to chromosome and resulted in the acquisition by
the recipient of a ca. 40-kb tet(S) element associated with the
exchange of large pieces of the chromosome (19).

The two L. monocytogenes strains isolated subsequently in
Bordeaux (2, 38) and Zurich (21) were resistant to chloram-
phenicol, erythromycin, and tetracycline-minocycline but not
to streptomycin, in contrast to BM4210 (Table 1). The strain
from Bordeaux harbored plasmid pUBX1, which carried the
resistance genes and was self-transferable by conjugation to L.
monocytogenes, E. faecalis, S. agalactiae, and Staphylococcus
aureus (2). Resistance in the strain from Zurich was due to the
presence of plasmid pWDB100, which was self-transferable to
L. monocytogenes, Enterococcus, and Staphylococcus epidermi-
dis. Comparative analysis of the restriction endonuclease-gen-
erated profiles of pIP811, pUBX1, and pWDB100 DNAs
showed that the plasmids were indistinguishable (2, 21). Thus,
the plasmids detected in strains of L. monocytogenes isolated
from patients hospitalized in distinct geographic areas are
closely related. The three plasmids also showed significant
similarity to pIP501, the broad-host-range plasmid from S.
agalactiae (13, 21). These results are consistent with the hy-
pothesis that Enterococcus-Streptococcus spp. represent the or-
igin of multiple antibiotic resistance in L. monocytogenes (2, 7,
21, 35). In a more recent study (22), plasmid pWDB100/m
(2,679 bp) was detected in S. epidermidis transconjugants that
had acquired the multiresistance plasmid pWDB100. Plasmid
pWDB100/m conferred resistance to chloramphenicol and cor-

TABLE 1. Resistance phenotypes in Listeria spp.

Resistance phenotypea Country of originb

(no. of strains) Reference(s)

L. monocytogenes
Humans

Cm Cl Gm Sm To Greece 46
Cm Em Sm Tc-Mc France (1) 35
Cm Em Tc-Mc France (1) 38

Switzerland (1) 21
Tc UK (33) 30, 36

France (3) 42
Sm ND (1) 44

Italy (2) 14
Switzerland (2) 9
France (1) 9

Em UK (1) 30
Cp France 42

Food and environment
Tp France (1) 9
Tc-Mc France (31) 9

Italy (5) 9
Czechoslovakia (1) 9

Km Sm Su Italy (2) 14
Km Rif Sm Su Italy (1) 14
Cm Em Km Rif Sm Su Italy (1) 14

L. innocua (food and
environment)

Tc Canada (2) 44
Italy (1) 14, 15
Spain (8) 18

Tc-Mc Italy (16) 9
Sweden (4) 9
Spain (1) 9
France (1) 9

Em Tc Italy (1) 14, 15
Sm Tc-Mc Italy (1) 9
Em Italy (1) 14
Sm Su Italy (2) 14
Km Sm Su Italy (1) 14

L. welshimeri (food)
Tc-Mc Italy (2) 9

a Cm, chloramphenicol; Cl, clindamycin; Cp, ciprofloxacin; Em, erythromycin;
Gm, gentamicin; Km, kanamycin; Mc, minocycline; Rif, rifampin; Sm, strepto-
mycin; Su, sulfonamide; Tc, tetracycline; To, tobramycin; Tp, trimethoprim.

b UK, United Kingdom; ND, non determined.
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responded to an excised derivative of pWDB100 (Fig. 1). The
gene encoding a chloramphenicol acetyltransferase belonged
to the family of cat determinants of the pC223 family of plas-
mids that replicate using a single-stranded intermediate (22).

TETRACYCLINE RESISTANCE MEDIATED BY
CONJUGATIVE PLASMIDS AND TRANSPOSONS IN

LISTERIA SPP.

Tetracycline resistance is the most frequent resistance trait
in L. monocytogenes isolated from humans (Table 1). As al-
ready mentioned, the three self-transferable multiresistant
plasmids from L. monocytogenes isolated from humans carried
the tet(S) gene (21, 35, 38). In a study performed in the United
Kingdom with 1,288 clinical strains isolated between 1967 and
1981, 1983 and 1986, and 1987 and 1990, 33 isolates were found
to be resistant to tetracycline (30, 36). Twenty-five strains were
selected for further analysis (36), and 24 were cross resistant to
tetracycline (MIC, 64 to 128 mg/ml) and minocycline (MIC .
4 mg/ml). These strains harbored tet(M) associated with int-Tn,

the gene encoding the integrase involved in the mobility of the
Tn1545-Tn916 family of conjugative transposons from Entero-
coccus-Streptococcus (36, 37) (Fig. 1). Cotransfer by conjuga-
tion of tet(M) and int-Tn among L. monocytogenes strains and
from L. monocytogenes to E. faecalis was detected in 7 of 12
strains at frequencies similar to those obtained with the pro-
totype element Tn1545. One strain was resistant to tetracycline
alone (MIC, 64 mg/ml) and harbored tet(L) carried by plasmid
pIP813 (5 kb) (36) (Tables 1 to 3) (Fig. 1). This small plasmid
was able to replicate in E. faecalis and Escherichia coli and
could belong to the family of plasmids which possess a broad
host range including gram-positive and gram-negative bacteria
and replicate using a single-stranded intermediate. The tet(L)
gene codes for a protein which promotes active efflux of tet-
racycline from the bacteria, whereas tet(M) directs the synthe-
sis of a cytoplasmic protein that protects the ribosome from
inhibition by the antibiotic (45). These tetracycline resistance
determinants are common in Enterococcus-Streptococcus (7,
45). These observations indicate that two types of movable
genetic elements, conjugative plasmids and transposons origi-
nating from Enterococcus-Streptococcus, are responsible for
the emergence of resistance to tetracycline in L. monocytogenes
isolated in clinical situations (36). More recently, three strains
resistant to tetracycline were detected among 685 strains from
human sources collected in France in 1994 and 1995 (42).

The incidence of tetracycline resistance is increasing in
strains of Listeria spp. isolated from food and environmental
sources (Table 1). The first two strains of L. innocua resistant
to tetracycline were identified in a study (44) on the suscepti-
bilities to nine antibiotics of 26 strains isolated from milk in

FIG. 1. Schematic representation of the origin of antibiotic resistance deter-
minants and their genetic basis in Listeria spp.

TABLE 2. MICs of antibiotics against resistant Listeria spp.

Species
MIC (mg/ml)a

CL CM EM GM KM RIF SM TO SU TC MC TP

L. monocytogenes .2 8–.16 8 .8 64–.256 32–64 32–64 8 .1,024 64–128 .4 1,024
64 .32 256 8

2,048

L. innocua —b 64–.256 64 — 128 .1,024 64–.256 4–32 —
512

L. welshimeri — — — — — — 128 4–16 —

a CL, clindamycin; CM, chloramphenicol; EM, erythromycin; GM, gentamicin; KM, kanamycin; MC, minocycline; RIF, rifampin; SM, streptomycin; SU, sulfon-
amide; TO, tobramycin; TC, tetracycline; TP, trimethoprim.

b —, no resistance.

TABLE 3. Distribution of antibiotic resistance genes in Listeria spp.

Resistance phenotypea Gene(s) [no. of strains] Reference(s)

L. monocytogenes
Humans

Cm Em Sm
Tc-Mc

cat221, ermAM, aad6, tet(S) [1] 21, 35, 38

Tc-Mc tet(M)/int-Tn [24] 36
Tc tet(L) [1] 36

Food and environment
Em erm(C) [1] 40
Tc-Mc tet(M)/int-Tn [36] 9

tet(M) [1] 9

L. innocua (food)
Tc tet(K) [1] 15

tet(M) [9] 15
tet(K) 1 tet(M) [2] 15

Tc-Mc tet(M) [14] 9
tet(M)/int-Tn [5] 9
tet(S) [3] 9

Sm Tc-Mc aad6, tet(M) [1] 9

L. welshimeri (food)
Tc-Mc tet(M)/int-Tn [1] 9

tet(S) [1] 9

a Cm, chloramphenicol; Em, erythromycin; Km, kanamycin; Mc, minocycline;
Rif, rifampin; Sm, streptomycin; Su, sulfonamide; Tc, tetracycline; Tp, tri-
methoprim.
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Canada (Table 1). Subsequently, 11 tetracycline-resistant
strains (MIC, 128 to .256 mg/ml) were detected among 85
strains of L. innocua isolated from meat and cheese in Italy in
1991 (14, 15). One of them was also resistant to erythromycin.
Genetic study of tetracycline resistance was performed for the
11 isolates and for 1 strain isolated subsequently from cheese
(15); tet(M) was found in 9 strains, tet(K) was found in 1 strain,
and the two genes were associated in two strains (Tables 1 to
3) (Fig. 1). Like tet(L), tet(K) codes for a protein conferring
resistance to tetracycline by efflux (45). In contrast to tet(L),
tet(K) is widely spread in Staphylococcus spp. but more rarely
found in Enterococcus-Streptococcus (45). The tet(M) gene
could be transferred by conjugation from one L. innocua strain
to L. monocytogenes, L. ivanovii, and E. faecalis (15). Another
study (18) on the susceptibilities to nine antibiotics of 32
strains of L. innocua, 28 strains of L. monocytogenes, and 13
strains of L. seeligeri isolated in Spain from food and the en-
vironment found 8 L. innocua strains resistant to tetracycline
(MIC, 64 mg/ml) (Tables 1 and 2). In the most recent study to
date performed on 1,040 strains of Listeria spp. isolated from
food and environmental sources and collected worldwide (9),
61 strains were resistant to tetracycline (MIC, 64 to 128 mg/ml)
and minocycline (MIC, 4 to 32 mg/ml): 37 L. monocytogenes
strains, 22 L. innocua strains, and 2 L. welshimeri strains; one
strain of L. innocua was resistant to tetracycline-minocycline
and to streptomycin (Tables 1 and 2). Among the 61 strains,
the tet(S) gene was detected in 3 L. innocua strains and 1 L.
welshimeri strain and tet(M) was identified in 57 strains of
Listeria spp. together with int-Tn in 42 isolates (Tables 1 and
3). In the L. innocua and L. welshimeri species, tet(S) was
located in the chromosome, whereas in L. monocytogenes
BM4210, it was carried by plasmid pIP811. The strain of L.
innocua resistant to tetracycline-minocycline and streptomycin
harbored tet(M) (9) (Table 1). These results confirm the notion
of easy exchange of tetracycline resistance genes under natural
conditions between the genera Enterococcus-Streptococcus and
Listeria and between different species of Listeria (7, 9, 15, 36).

TRIMETHOPRIM RESISTANCE MEDIATED BY AN RC
PLASMID IN L. MONOCYTOGENES

L. monocytogenes BM4293, resistant to high levels of tri-
methoprim (MIC, 1024 mg/ml), was detected in France among
1,040 strains of Listeria spp. from various sources (9) (Tables 1
and 2). This strain was susceptible to sulfamethoxazole, but
due to trimethoprim resistance the synergism usually observed
between the two antibiotics was abolished. Since resistance to
trimethoprim alone cannot be detected in vitro by using the
disk of co-trimoxazole, it is thus advisable to study indepen-
dently the two components of the combination (1, 9, 28). The
trimethoprim resistance gene was identical to dfrD from Staph-
ylococcus haemolyticus, which encodes S2DHFR, of the second
class of high-level trimethoprim-resistant dihydrofolate reduc-
tases identified in gram-positive bacteria (5). This determinant
was carried by plasmid pIP823 (3,712 bp), which possesses all
the features of the pUB110/pC194 plasmid family which rep-
licates by the rolling-circle (RC) mechanism (8) (Fig. 1). Plas-
mid pIP823 had an exceptionally broad host range of replica-
tion since it was maintained stably in L. monocytogenes, E.
faecalis, S. aureus, and B. subtilis but also in E. coli (8). Con-
jugative mobilization of pIP823 was obtained by self-transfer-
able plasmids between L. monocytogenes and E. faecalis, be-
tween L. monocytogenes and E. coli, and between strains of E.
coli and by the streptococcal conjugative transposon Tn1545
between strains of L. monocytogenes, from E. faecalis to L.
monocytogenes and E. faecalis, and from L. monocytogenes and

E. faecalis to E. coli (8) (Fig. 2). The high degree of similarity
between the RC plasmids indicates easy horizontal transfer of
these replicons between gram-positive cocci and bacilli, includ-
ing Listeria. It was proposed that trimethoprim resistance in L.
monocytogenes could originate in staphylococci.

RESISTANCE TO OTHER ANTIBIOTICS IN
LISTERIA SPP.

Resistance to streptomycin was observed in several clinical
strains of L. monocytogenes (Tables 1 and 2). A strain resistant
to streptomycin (MIC, 30 mg/ml) was detected among 195
Listeria spp. isolated from various sources (human samples,
food, and environment) collected worldwide (44). Analysis of
susceptibilities to 11 antibiotics of 54 clinical L. monocytogenes
strains isolated in Italy between 1987 and 1991 revealed the
presence of two strains resistant to streptomycin (MIC, 64
mg/ml) (14). The already mentioned strain of L. innocua resis-
tant to tetracycline-minocycline and to streptomycin (MIC, 512
mg/ml) produced a 6-N-streptomycin adenylyltransferase en-
coded by aad6 (9), a gene largely spread in Enterococcus-
Streptococcus (Tables 1 to 3). More recently, three L. mono-
cytogenes strains resistant to low levels of streptomycin (MIC,
32 to 64 mg/ml) were identified among 60 strains from human
samples isolated worldwide (9). In these strains, no streptomy-
cin-modifying activity was detected, suggesting that low-level
resistance could be due to ribosomal mutations (9).

A strain resistant to erythromycin (MIC . 32 mg/ml) was
detected in a study on antibiotic susceptibilities of 621 clinical
strains isolated in the United Kingdom between 1987 and 1990
(30) (Tables 1 and 2) but was not studied further.

In a study in Italy in 1991 on 98 L. monocytogenes isolates
from food, two strains were resistant to streptomycin, sulfame-
thoxazole, and kanamycin, one strain was resistant to strepto-
mycin, sulfamethoxazole, kanamycin, and rifampin, and one
strain was resistant to the latter four antibiotics as well as to
erythromycin and chloramphenicol (14) (Table 1). Among 85
strains of L. innocua from food-borne sources, the same study
detected one strain resistant to erythromycin, one strain resis-
tant to erythromycin and tetracycline (already mentioned), two
strains resistant to streptomycin and sulfamethoxazole, and
one strain resistant to these two antibiotics and to kanamycin
(Tables 1 and 2). Among these strains an L. monocytogenes
strain and an L. innocua strain resistant to erythromycin car-
ried the ermC gene which was transferable by conjugation to

FIG. 2. Saga of plasmid pIP823. Arrows represent direction and extent of
mobilization of plasmid pIP823. Circular arrows indicate intrageneric (Listeria or
Enterococcus) or intraspecies (E. coli) transfer. Linear arrows indicate interge-
neric transfer. The genetic elements (plasmids or transposons) able to mobilize
pIP823 in trans are indicated.
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Listeria and E. faecalis without association with a conjugative
plasmid (40) (Table 3).

In a recent study of 685 strains collected in France from
human sources in 1994 and 1995, one strain was resistant to
ciprofloxacin (42).

A multiresistant strain of L. monocytogenes was isolated in
Greece from a neonate who developed meningitis 21 days after
birth. The strain was resistant to gentamicin (MIC . 8 mg/ml),
streptomycin (MIC . 1,000 mg/ml), chloramphenicol (MIC .
16 mg/ml), and clindamycin (MIC . 2 mg/ml) and was moder-
ately susceptible to tobramycin (MIC 5 8 mg/ml) (46).

No cases of resistance to penicillins, gentamicin, or vanco-
mycin have been reported for strains of Listeria spp. originating
from humans, food, or the environment (9, 14, 22, 44).

CONCLUSIONS

Listeriosis is an emerging food-borne disease, and numerous
outbreaks that occurred during the last 10 years could be
linked to contaminated food (16, 20, 25, 34, 41, 43). With the
exception of tetracycline resistance, the proportion of Listeria
spp. from clinical, food-borne, or environmental sources resis-
tant to antibiotics remains low. Nevertheless, emergence of
multiresistant strains casts doubt on the notion, well estab-
lished until now, of Listeria as a bacterial genus uniformly
susceptible to antibiotics. Since the detection in 1988 of the
first clinical strain of L. monocytogenes multiresistant to anti-
biotics (35), other strains of Listeria spp. from various sources
resistant to one or more antibiotics have been reported (2, 9,
14, 15, 18, 21, 30, 36, 38, 44). Multiple resistance in L. mono-
cytogenes was linked to the presence of a self-transferable plas-
mid that was proposed to originate in Enterococcus-Streptococ-
cus (35). Resistance to tetracycline results from the acquisition
of genes carried by self-transferable plasmids or by conjugative
transposons also originating in Enterococcus-Streptococcus (7,
9, 15, 36). Tetracycline use in therapy and as a supplement in
animal food probably favored the dissemination of tetracycline
resistance determinants among the various species of Listeria.
The recently detected food-borne strain of L. monocytogenes
resistant to trimethoprim is of particular interest, since the
trimethoprim-sulfamethoxazole combination is used in the
treatment of listeriosis, especially in patients allergic to the
penicillins (9). Thus, emergence and dissemination of this re-
sistance trait in clinical strains of L. monocytogenes could have
important therapeutic consequences. Recently, a clinical iso-
late of L. monocytogenes resistant to multiple antibiotics in-
cluding gentamicin was reported (46). Resistance to other an-
tibiotics such as streptomycin, erythromycin, kanamycin,
sulfamethoxazole, or rifampin has also been observed (9, 14,
30, 44). These examples clearly demonstrate that Listeria spp.
are capable of acquiring antibiotic resistance genes from for-
eign sources.

It has been proposed that Enterococcus-Streptococcus con-
stitute a reservoir of resistance genes not only for other gram-
positive bacteria but also for gram-negative bacilli (10, 47). It
has been further suggested that, in humans and animals, the
digestive tract was the privileged site for acquisition, by Listeria
spp., of conjugative plasmids and transposons from Enterococ-
cus-Streptococcus (11). The observations on antibiotic resis-
tance in Listeria spp. reported in this review clearly support
these hypotheses. Strains of E. faecalis harboring conjugative
plasmids or transposons encoding b-lactamases and enzymes
that confer high-level resistance to gentamicin have been de-
scribed (39). Acquisition by L. monocytogenes of resistance to
these antibiotics would represent a major therapeutic problem
in clinical settings. It can be anticipated that the current favor-

able situation of quasiuniform susceptibility of Listeria spp. to
the antibiotics used in clinical practice will deteriorate under
the selective pressure exerted by mis- or overuse of the drugs.
Antibiotics have also often been used indiscriminately in ani-
mal breeding. Since the food origin of human infections is now
recognized, it is thus important to test for antibiotic resistance
in food-borne and clinical isolates of Listeria and to reconsider
critically the use of antibiotics as supplements in animal feed.
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