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At first glance, the high lethality of listeriosis is difficult to
understand, since virtually all strains of L. monocytogenes are
susceptible to nearly all common antibiotics. Obviously, therapeutic success is impeded by the particular biological behavior of these bacteria, which are facultative intracellular bacteria (124). This means that in certain situations, the bacteria
may be concealed from the extracellular environment that contains high concentrations of the antibacterial agents. Consequently, chemotherapy of listeriosis is complicated and requires extensive knowledge about the properties of the
antibiotics as well as of the bacteria.

INTRODUCTION
Food-borne transmission of Listeria monocytogenes is the
main route of acquisition of listeriosis (2). Hence, it is logical
to augment efforts to prevent this disease by control of production and handling of food items. Furthermore, consumers
should be continuously and broadly informed regarding the
risks. There are several recommendations (2) that should be
particularly stringently adhered to by susceptible persons, i.e.,
immunocompromised individuals and pregnant women. It
should be kept in mind, however, that there are many other
possible ways to acquire Listeria monocytogenes.
In spite of a potentially high risk of being exposed to these
facultatively pathogenic bacteria in everyday situations, the
rate of infection and the chance of developing overt disease is
rather low (27). It is possible that most contacts will induce
merely transient colonization in immunocompetent individuals
or, at most, a mild disease that is generally so noncharacteristic
that diagnostic tests are neglected. Consequently, such cases
do not need specific antibiotic intervention. On the other hand,
in patients with overt disease, the course of infection is often
severe and even fatal. Overall, up to 30% of patients with
manifest listeriosis die, clearly demonstrating that studies to
further amend the therapy of listeriosis are an urgent priority.

IN VITRO SUSCEPTIBILITY
Inhibition of Growth
Generally, isolates of L. monocytogenes are susceptible to a
wide range of antibiotics (24, 50, 57, 109, 127) except for the
newer cephalosporins and fosfomycin (Table 1). Other Listeria
spp. behave similarly. It is noteworthy that most isolates from
clinical as well as environmental sources are uniformly susceptible to these antibiotics; generally, a narrow range of MICs is
found (Table 1). Thus, one can predict the susceptibility to
antibiotics of a specific isolate with a high probability, which
means that susceptibility testing is not mandatory in every case.
Resistance to certain antibiotics, such as streptomycin and
kanamycin, which do not play a role in therapy, and erythromycin, gentamicin, trimethoprim, and rifampin, has been detected only in a few isolates from food (15, 25). The same is
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TABLE 1. In vitro susceptibility of L. monocytogenes
to various antibioticsa

Agent

MIC range
(mg/liter)

Interpretation of
inhibitory action

Suscep- Inter- ResisTolerant
Yes
No
tible mediate tant
or weak

0.06–2
0.06–0.5

Y
Y

0.5–2
0.25–16
4–.128
4–.64
0.03–0.12

Y

Gentamicin
Sisomicin
Netilmicin
Amikacin
Kanamycin
Streptomycin

0.06–4
0.01–0.12
0.06–32
,0.06–32
0.5–2
0.5–4

Nalidixic acid
D-Ofloxacin
Levofloxacin
Ciprofloxacin
CI 934
Bay Y 3118

.128
.64
1–4
0.5–2
0.25–1
0.06–0.25

Vancomycin
Teicoplanin
Daptomycin

0.12–0.5
0.12–0.5
0.25–4

Y
Y

Co-trimoxazole
Chloramphenicol
Rifampin
Fosfomycin
Clindamycin
Tetracycline

0.06–0.5
2–8
0.04–0.25
4–2,048
0.25–4
0.12–0.5

Y

Y
Y
Y
Y

Y
Y
Y

Y
Y
Y

Y

Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Data from references 24, 42, 46, 50, 70, 86, 90, 109, and 119.

true for clinical isolates, in which resistance to streptomycin
(25) or to tetracycline, chloramphenicol, and erythromycin (36,
103, 106) has been detected rarely. This antibiotic resistance
was encoded by plasmids in most cases, although chromosomally encoded resistance to tetracycline has also been suggested
(127). Since enterococcal plasmids encoding resistance determinants are easily transferred in vitro to Listeria spp., one
could imagine that such a plasmid transfer might take place in
nature much more often, for example, in the stools of humans
and animals (17). It can be anticipated that this current favorable situation of uniform susceptibility to the antibiotics used
in clinical practice might change under selective pressure during antibiotic treatment, particularly when drugs are used indiscriminately, as is often done in animal breeding.
It should be pointed out that resistance to penicillin derivatives has not yet been found under natural conditions (15, 57).
Two reports on ampicillin-resistant cases are inconclusive, because they give no data on in vitro susceptibility testing. The
conclusions are based only on clinical therapeutic failures (100,
108). Penicillin and ampicillin (75, 84, 138) are effective for the
therapy of listeriosis. Amoxicillin has only a minor advantage
over ampicillin (119). Acylureidopenicillins such as azlocillin,
mezlocillin, and piperacillin are less active (24, 34, 75, 119), as
are carbenicillin and ticarcillin (77, 119). The MIC of imipenem is even lower than that of ampicillin (22, 34, 61, 140),

FIG. 1. PBP profiles of Listeria spp. Membranes of various Listeria spp. were
incubated with radioactively labeled ampicillin and processed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Lanes: 1, L. monocytogenes Sv 1/2a
SLCC 5779 (rough); 2, L. monocytogenes Sv 1/2a SLCC 2371 (NCTC 7973); 3, L.
welshimeri; 4, L. seeligeri; 5, L. ivanovii; 6, L. monocytogenes Sv 4b SLCC 4013, 7,
L. innocua; 8, L. monocytogenes SLCC 5779 (rough). Reprinted with permission
from reference 37.

and resistance to this drug has been described only in genetically altered bacterial strains (99).
In contrast, most Listeria strains show a high natural resistance to cephalosporins, especially to those that are broad
spectrum such as cefotaxime, and to monobactams. In this
aspect, Listeria spp. resemble enterococci. The reason for this
resistance is the lack of appropriate penicillin binding proteins
(PBP) in their cytoplasmic membrane. Listeriae possess five
PBPs that are characterized by different molecular masses
(Fig. 1); the pattern of PBPs is fairly characteristic for a given
Listeria sp. Only PBP3 appears to be identical in all Listeria
spp. (37). The primary target for active b-lactams is apparently
PBP3, since blockage of this enzyme, which is involved in the
last stage of peptidoglycan synthesis, has lethal consequences
for the bacterial cell (136). On the other hand, cefotaxime and
aztreonam do not bind with high affinity to this essential PBP
whereas penicillin and ampicillin bind with high affinity. The
same holds true for PBP5 (99, 136). The affinity of the various
b-lactams to the other PBPs is variable; the blocking of these
enzymes is not immediately deleterious for the bacterial cell.
The estimated copy number of the different PBPs per cell is
low, i.e., PBP1, 120; PBP2, 80; PBP3, 145; PBP4, 130; and
PBP5, 600 (136). At least a certain portion of these PBPs must
be blocked before an antibacterial effect occurs.
In addition to the b-lactam antibiotics, the macrolide-lincosamide-streptogramin group of antibiotics has been of much
interest, especially the macrolides, which are active with very
few exceptions (103, 106) (Table 2). There is some confusion
about the newer derivatives, because the MICs reported in the
literature differ considerably (1, 8, 68). Possibly, clarithromycin
is somewhat more active than erythromycin whereas roxithromycin is as active as erythromycin. Azithromycin and especially
spiramycin are less active than erythromycin (1, 8). Among the

TABLE 2. In vitro activity of macrolides against L. monocytogenes
Activity obtained by:
Agent

Azithromycin
Clarithromycin
Erythromycin
Roxithromycin
Spiramycin

Loza et al. (68)

Acar and
Goldstein (1)

Bauer et al. (8)

0.06–0.5
0.1–1
0.2–1

1–2
0.25–1
0.25–1
0.50–1
4

0.12
0.06
0.25
0.12
1
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Penicillin
Ampicillinamoxicillin
Azlocillin
Cephalothin
Cefotaxime
Cefepime
Imipenem

a

Interpretation of
bactericidal action
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TABLE 3. Effect of a streptogramin (RP 59500)
on L. monocytogenes
Strain

EGD SLCC 5835
EGD pERL-3
Courtieua

347

TABLE 4. MICs of sulfamethoxazole, trimethoprim, and
co-trimoxazole for L. monocytogenes

MIC (mg/liter)b

MIC (mg/liter) for:

Erythromycin

RP 59500

0.25
.128
.128

0.62
1.9
0.45

a
Obtained from A. L. Courtieu (identical to the strain described in reference
103).
b
Data from reference 91.

Strain SLCC
4013a

Undefined strain
(142)b

Seven strains
(13)a

Sulfamethoxazole
Trimethoprim
Co-trimoxazole

32
0.25
0.125

9.5
0.3
0.15

32–64
0.12–0.25
0.03–0.06

a
b

Tested in Mueller-Hinton broth.
Tested in tryptic soy broth.

dilution method on Mueller-Hinton agar was 1.25 to 2.5 mg/
liter [93].) Fosfomycin is inactive against L. monocytogenes (24,
119) (Table 1).
Bactericidal Activities of Antibiotics
As noted above, most common antibiotics exert an inhibitory
effect on Listeria spp. but only few are bactericidal. The b-lactam antibiotics, in particular, are only bacteriostatic for most
isolates (24, 70, 113, 119, 133, 140), since there is a large gap
between MICs and MBCs, at least when susceptibility tests are
read at 24 h. Consequently, listeriae should be considered
tolerant to all b-lactam agents, even though killing can be
achieved after very long exposure (140). This is true for the
majority (about 90%) of isolates, especially when bacteria are
tested in the stationary phase. Furthermore, for most strains,
the so-called Eagle effect can be observed, meaning that with
increased b-lactam concentrations, the MBCs increase also
(120, 133). The reason for this particular behavior of listeriae
remains obscure. To explain this phenomenon, investigations
of peptidoglycan synthesis and regulation of the autolytic system are still needed. The importance of the structure of the
cell wall of listeriae (26) is not yet known. Optimal killing by
b-lactams is achieved only when several of the different PBPs
are blocked and when a large proportion of each PBP is saturated (112).
Bactericidal activities have been seen with aminoglycosides
(129, 133), teicoplanin (11), vancomycin (13, 42, 70), and cotrimoxazole, in which trimethoprim plays the prominent role
(133, 142). These agents differ, however, in the speed of killing:
aminoglycosides have accomplished this task within 1 to 2 h
whereas vancomycin and co-trimoxazole need 6 to 24 h, respectively. Although these findings have been confirmed many
times, individual isolates may be more resistant than most to
the bactericidal action of a certain drug, for example to the
aminoglycosides (133).
Tyrothricin is rapidly bactericidal for listeriae, killing 99.9%
of the inoculum in 1 min (Fig. 2A). These drugs are bactericidal because they produce channels in the membrane, which
rapidly results in the death of target cells (123). Rifampin is not
bactericidal for listeriae (113, 133, 140). The killing capacity of
quinolones in particular for Listeria spp. is only weakly expressed (47, 52, 90) (Fig. 2B). A reduction of bacterial counts
is achieved only at concentrations far beyond the MICs. Killing
occurs rather late, i.e., several hours after exposure to the
antimicrobial agent, whereas with gram-negative bacteria, killing occurs rapidly, often within an hour. Coumermycin, another gyrase inhibitor, also is not bactericidal for listeriae (44).
The agents that are considered bacteriostatic in general,
such as macrolides, tetracyclines, and chloramphenicol, are
bacteriostatic for listeriae as well.
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lincosamide subgroup of agents, clindamycin is the most active
drug against Listeria spp. (Table 1) (70). Cross-resistance exists
between macrolides and clindamycin. The streptogramins
(such as the pristinamycin derivative RP59500 [1, 91], which is
a mixture of two similar derivatives, quinupristin and dalfopristin) are active in vitro, even against erythromycin-resistant
strains (Table 3).
The aminoglycosides, particularly gentamicin, netilmicin,
and amikacin, are equally effective (70) (Table 1). Chloramphenicol is only slightly active in vitro (Table 1) (70, 109).
From the beginning of the chemotherapy of listeriosis, the
tetracyclines have been of particular value. Resistant strains
which have acquired either plasmids or transposons (15, 104)
that mediate the resistance have been isolated (15, 36, 103,
104, 106). Also, spontaneous development of tetracycline-resistant variants of L. monocytogenes has been reported (118). It
is hoped that new derivatives such as glycylcyclines will be
more active than tetracycline (130).
The quinolones do not yet play a key role in the treatment of
listeriosis, since most of these agents have high activities
against gram-negative bacteria but only moderate activities
against gram-positive bacteria including Listeria spp. (52, 81,
109) and since highly resistant variants of Listeria have been
selected during exposure to these drugs in vitro (13). Nalidixic
acid, in particular, is completely inactive, and so it has been
proposed as an additive to selective media for isolating Listeria
spp. from polymicrobially contaminated sources (10). Ofloxacin is a mixture of two compounds, i.e., D-ofloxacin and levofloxacin. Whereas D-ofloxacin is completely inactive against
Listeria spp., levofloxacin is moderately active (Table 1). Newer
quinolone derivatives such as CI 934 (47) or Bay Y 3118 (90)
exert high anti-listeria activities (Table 1). In addition, Bay Y
3118 has a pronounced postantibiotic effect (90). Like quinolones, coumermycin and novobiocin inhibit bacterial gyrase,
although these agents belong to different chemical groups.
Coumermycin is highly active against Listeria spp. (44).
A promising drug is rifampin, which is active in vitro (Table
1) (13, 24, 51, 81, 133). Resistant variants emerge under the
influence of this drug, albeit at a low frequency of 1027 (13).
The combination of trimethoprim with a sulfonamide such
as sulfamethoxazole, as in co-trimoxazole, has been regarded
as a drug of second choice for the treatment of listeriosis,
because in vitro the MICs are rather low (Table 1) (13, 142).
The major active agent seems to be trimethoprim, which is
supported somewhat by sulfamethoxazole (Table 4). Resistance to trimethoprim has been reported only once (15).
The glycopeptides, such as vancomycin and teicoplanin or
decaplanin (11, 42, 70, 86, 110, 134), as well as the lipopeptides,
such as daptomycin (21, 46, 134), are active against virtually all
isolates (Table 1). Tyrothricin, a cyclic peptide antibiotic consisting of gramicidin S and tyrocidin (123), displays considerable activity against listeriae. (The MIC determined by an agar
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or gyrase inhibitors (93). Notably, this reduction is not accompanied by a general metabolic inhibition, since expression of
the b-galactosidase gene under the regulation of a streptococcal promoter is unaltered.

FIG. 2. Bactericidal activities of antibiotics against L. monocytogenes incubated in vitro in Mueller-Hinton broth. (A) Tyrothricin. Symbols: X, untreated
control; ■, MIC 5 2.5 mg/liter; E, MIC 5 5 mg/liter; h, MIC 5 10 mg/liter; F,
MIC 5 20 mg/liter. (B) CI 934, a quinolone. Symbols: X, untreated control; E,
MIC 5 0.125 mg/liter; F, MIC 5 0.5 mg/liter; Ç, MIC 5 2.0 mg/liter; å, MIC 5
8 mg/liter. Panel A reprinted with permission from reference 63; panel B reprinted with permission from reference 47.

Effects of Antibiotic Concentrations below the MIC
In vivo, at remote sites of infection, such as the intracellular
environment where listeriae may reside, the concentration of
active antibiotic is presumably not consistently above the MIC
during the entire therapy. Therefore, the effect of subinhibitory
concentrations of antibiotics on listeriae is of interest.
Ciprofloxacin at concentrations below the MIC induces a
marked morphological change in Listeria spp. within 3 h (52).
Long filaments are produced, and these bacteria resemble Listeria cells lacking p60, the product of the iap gene, which is an
essential virulence factor (102, 124). This appearance might
indicate reduced production of this cell wall protein under
antibiotic treatment.
Another target of antibiotic concentrations below the MIC is
the hemolysin (listeriolysin), a major virulence factor of L.
monocytogenes. Modulation of listeriolysin production by antibiotics was measured by a hemolysin assay with human erythrocytes and measurement of b-galactosidase expressed from a
lacZ fusion of the listeriolysin promoter (93). Ampicillin reduced the production of listeriolysin and b-galactosidase when
tested at subinhibitory concentrations that did not affect the
growth of the listeriae. Broad-spectrum cephalosporins, although devoid of inhibitory activity against listeriae, are also
able to reduce the expression of this essential virulence factor
(93), as are vancomycin, DL-cycloserine, fosfomycin, tyrothricin, gentamicin, and doxycycline but not rifampin, fusidic acid,

Susceptibility to Bacteriocins and Lantibiotics
In their natural habitat, for example in foods and feces of
animals and humans, listeriae may be regularly exposed to
antibacterial agents produced by other bacterial members of
the microflora. Bacteriocins are antibiotic peptides with a
rather narrow spectrum of activity. In general, they are produced by bacterial species that are closely related to the target
species. The producer strain, however, has developed a protective mechanism against its particular agent. The bacteriocins that are active against gram-positive bacteria generally
have a low molecular mass, i.e., not more than 10,000 Da, and
have a broader spectrum of activity than do bacteriocins that
are active against gram-negative bacteria. Among the bacteriocins of gram-positive bacteria, a particular group can be
separated, the lantibiotics (pep5, subtilin, epidermin, gallidermin, nisin, and mersacidin), which are characterized by the
presence of an intramolecular ring moiety that contains lanthionine, a peculiar amino acid. These peptides diffuse across
the wall of gram-positive bacteria and depolarize the cell membrane of the target organism, for example by producing channels and thus causing efflux of ions and small molecules (55,
56).
Various bacterial species of the microbial flora of foods and
feces may be able to synthesize bacteriocins. The ClostridiumLactobacillus-Bacillus branch of gram-positive bacteria is
closely related to Listeria spp. and may play a role in the
regulation of growth of Listeria spp. (85). Meat contaminated
with L. monocytogenes can be effectively cured by addition of a
Lactobacillus sp. producing a bacteriocin (116).
Brochocin-C, a bacteriocin produced by Brochotrix campestris, a species closely related to Listeria spp., is highly active
against the latter. Smooth and rough strains of L. monocytogenes are both susceptible (125).
Leuconostoc carnosum (115, 135) and Leuconostoc mesenteroides (38) also produce bacteriocins that act against Listeria
spp. Among 20 strains tested, 3 had activity against Listeria spp.
and other gram-positive bacteria, including Lactobacillus and
Enterococcus spp. (135). Killing of 99.9% of the inoculum was
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Synergism or Antagonism of Antibiotic Combinations
Since the b-lactams are bacteriostatic for listeriae only in
vitro, additional antibiotics are needed for a bactericidal effect.
For this purpose, their use in combination with aminoglycosides is usually recommended. True synergism has been found
with penicillin plus gentamicin (83) as well as ampicillin or
amoxicillin plus gentamicin (4, 13, 31, 82, 119, 129, 139). The
combination of imipenem with gentamicin is equally synergistic (22, 61). The consequence of the simultaneous action of
both groups of antibiotics is a better and more rapid killing
effect; bacteria begin to die after 30 min (129), even at concentrations of each agent that are only bacteriostatic when
tested alone (83).
On the other hand, the combination of ampicillin with rifampin is only additive (133) or even antagonistic (13, 113,
140). The combination of penicillin or ampicillin with erythromycin is antagonistic (98), and chloramphenicol interferes with
the antibacterial effect of ampicillin (140). Other drug combinations do not show any beneficial effect (69).
An observation that killing of listeriae by ampicillin might be
enhanced by lysozyme (3) may be closer to the in vivo situation.
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TABLE 5. Antibiotic uptake by eukaryotic host cells and
intracellular distribution of antibiotics.
Drug(s)a

Intracellular
distribution inb:
Cytoplasm

Group I (ratio, .10)
Macrolides (erythromycin, roxithromycin,
azithromycin, spiramycin)
Clindamycin
Rifapentine
Coumermycin
Streptogramin (RP 59500)
Group II (ratio, 1–10)
Quinolones (ofloxacin, ciprofloxacin,
CI 934)
Rifampin
Tetracycline
Chloramphenicol
Vancomycin
Teicoplanin
Fosfomycin
Group III (ratio, ,1)
Penicillin
Ampicillin
Cephalosporins
Imipenem
Aminoglycosides (gentamicin, netilmicin,
amikacin)

Lysosomes

1

1

1
1
NA
NA

1
2
NA
NA

1

(1)

1
NA
NA
NA
NA
NA

1
NA
NA
NA
NA
NA

1
1
1
1
2

2
2
2
2
1

a

Susceptibility to “Endogenous Antibiotics”
Mammals, insects, and plants produce a series of antimicrobial compounds that regulate the colonization, entry, and replication of bacteria within the host. Such “endogenous antibiotics,” such as magainins, cryptdins, defensins, and cationic
proteins, are responsible for a very potent, nonspecific humoral
defense against a variety of microorganisms, including listeriae
(23, 33, 41, 65). Some of these products are stored within host
cells, for example in the granules of polymorphonuclear leukocytes and macrophages, whereas others are secreted into
internal or external fluids. In principle, their activities might be
of biological relevance for Listeria infection, by counteracting
the colonization of mucosal surfaces with pathogenic listeriae
and inhibiting their intracellular multiplication. L. monocytogenes is likely to be inhibited by some of these compounds
(122).
ACTIVITY OF ANTIBIOTICS ON L. MONOCYTOGENES
RESIDING WITHIN HOST CELLS
Specific Intracellular Site of Replication
The virulence of L. monocytogenes strains is specifically characterized by their property of penetrating actively into a wide
range of host cells; not only professional phagocytes but also
epithelial and parenchymal cells may be invaded by either
phagocytosis or induced phagocytosis (124). A cluster of virulence genes enables pathogenic Listeria strains to evade the
phagocytic vacuole and to reside and multiply within the cytoplasm. Shortly after reaching the cytoplasm, the bacteria are
wrapped by a sheet of host cell-derived actin filaments, which
form a comet-like structure at the back pole of the bacterium.
The bacterium is seen to move across the cytoplasm at a rather
high speed, i.e., 1 mm/s. Occasionally, the bacterium gets beyond the membrane of the host cells, which are triggered to

Intracellular/extracellular ratio.
1, strong accumulation; (1), minor accumulation; 2, no accumulation; NA,
no data available.
b

produce long protrusions enclosing the L. monocytogenes cells.
These cell protrusions are then internalized by an adjacent
host cell (131). This phenomenon of direct cell-to-cell spread
means that the bacteria are hidden within host cells during the
course of infection and therefore are protected from the humoral defense mechanisms of the host and from antibiotics in
the extracellular fluids. Listeriae have the potential to invade
and replicate in many different cells of mesenchymal or epithelial origin. However, quantitative differences in the rates of
multiplication may influence the outcome of therapy, such as
the effectiveness of treatment with b-lactam antibiotics.
Uptake and Intracellular Distribution of Antibiotics
During listeriosis, a therapeutic effect of an antibiotic treatment is not dependent only on the direct inhibitory or bactericidal activity of an agent. Because of the intracellular habitat
of L. monocytogenes several other prerequisites must be fulfilled.
(i) A drug must be taken up into the host cell either by
passive diffusion or, preferably, by active transport. In this
regard, there are large differences among the common antibiotics active against listeriae (Table 5) (49). It is worth noting,
however, that the results obtained with one cell type cannot be
extrapolated directly to other cell types. Certain host cells may
be substantially devoid of antibiotics if they have special transport systems in their cytoplasmic membranes, which rapidly
export certain infiltrated antibiotics (92). Furthermore, the
amount of internalized antibiotic may depend on the physiologic state of a host cell; for example, a cell that is already
burdened with intracellular bacteria may have impaired antibiotic uptake (49).
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achieved within 1 min. All Listeria strains tested so far are
susceptible to this bacteriocin to various degrees. This agent is
stable over a wide range of pH but labile to the action of
proteases (135). The bacteriocin PA-1 from Pediococcus acidilactici is able to reduce the listerial load of cheese at various
temperatures, even in the refrigerator (105).
Interestingly, other bacterial species, such as enterococci,
may also produce bacteriocins with antilisterial activity (96).
Thus, it may be speculated that such a mechanism could influence the colonization of the intestine with L. monocytogenes
and that bacteriocins may help to prevent infection after consumption of contaminated food. The lantibiotic mersacidin,
produced by Bacillus spp., which is active against a wide range
of gram-positive bacteria, has only moderate activity against L.
monocytogenes in vitro (MIC, 4 to 16 mg/liter) (63). Whereas
this agent has been shown to be bactericidal in vivo against
other gram-positive bacteria and to be even more effective
than vancomycin, its activity against L. monocytogenes is only
bacteriostatic. In cell cultures and in mice, this agent is inactive
against intracellular L. monocytogenes (63). Gallidermin, another lantibiotic, also has good activity in vitro against L.
monocytogenes and other Listeria spp. (29).
The concept of using bacteriophages as antimicrobial agents
has generally been unsuccessful in practice. An interesting
modern approach is to use specific gene products of bacteriophages, such as lysin, an enzyme produced by lytic bacteriophages, to rupture the cell wall of a host bacterium. This
product is able to destroy L. monocytogenes and other Listeria
spp. (97).
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Intracellular Activity of Antibiotics on L. monocytogenes
The above theoretical reflections lend support to doubt
whether conventional susceptibility testing is sufficient for
ranking drugs used for therapy of listeriosis. Thus, for laboratory evaluation of the drugs, cell cultures have been infected
with virulent L. monocytogenes and treated with antibiotics.
There are, however, considerable methodological and interpretive difficulties with these tests.
Elimination of extracellular bacteria. A technical problem
impedes the correct interpretation of results obtained with cell
cultures. Only a small portion of added listeriae is taken up
avidly by eukaryotic cells; the remaining extracellular bacteria
multiply in the cell culture medium and could obscure the
effect of an antibiotic on intracellular listeriae. Thus, in most
such experiments, a rapidly bactericidal agent is incorporated
at relatively high concentration into the extracellular medium
to eliminate virtually all noninternalized bacteria. In most instances, gentamicin is used for this purpose, assuming that
intracellular bacteria, as is the case with Salmonella typhimurium, for example (60), are not affected by this drug.
This assumption, however, has been challenged recently
(18). The authors claim that at least in professional phagocytes,
extracellular fluid containing gentamicin may gain access to
intraphagosomal listeriae and kill the internalized bacteria before they can enter the cytoplasmic space. In most experiments
with nonprofessional phagocytes, such as L929 fibroblasts or
HeLa cells, this mechanism is unlikely to influence the results,
because the listeriae grow readily in the treated cells. Further-

FIG. 3. Activity of erythromycin on intracellular L. monocytogenes (MIC 5
0.25 mg/liter) in normal (KB3-1) (■) and MDR1 (KBV-1) (ç) cells, respectively.
Reprinted with permission from reference 92.

more, gentamicin is not held to be inactive against intracellular
bacteria because of failure of penetration. Indeed, gentamicin
is taken up to a certain extent depending on the time of exposure to the drug but is stored primarily within lysosomes (62).
After fusion of lysosomes with a phagocytic vacuole, this agent
may have contact with internalized bacteria, but in normal,
acidified vacuoles, the pH is highly detrimental for gentamicin,
which is transformed into its antimicrobially inactive protonic
form (62). Thus, one can conclude that gentamicin is well
suited for the rapid elimination of extracellular listeriae without influencing either intravacuolar or intracytoplasmic listeriae.
In future experiments, the elimination of extracellular listeriae may be attempted by treatment with bacteriophages,
bacteriocins, or lantibiotics.
Proper host cell type. In complex situations such as those
existing in an animal or human body, some cells may differ
from other cells by their ability to take up and then dispose of
internalized antibiotics by active export. Several such membrane transport systems, like multidrug resistance (MDR) (32)
or multidrug resistance-associated protein (76), export antibiotics. There is evidence from cell culture experiments that L.
monocytogenes organisms multiplying in cells with overexpression of MDR are protected against the action of erythromycin
(Fig. 3). Whereas in normal KB3-1 cells, originally derived
from HeLa cells, a concentration of 0.1 mg of erythromycin/
liter or more in the supernatant fluid reduces the intracellular
bacterial counts, in KBV-1 cells that overexpress MDR, a
1,000-fold-increased amount of drug is required for the same
effect (92).
Therapeutic consequences. Penicillin, ampicillin, and amoxicillin can reduce the numbers of intracellular listeriae, indicating a bactericidal effect (81, 89). This effect is achieved at
concentrations that may be obtained in the body during treatment with conventional amounts of drug. At first glance, this
observation is astonishing because b-lactam antibiotics do not
belong to a group of intracellularly accumulated antibiotics
(49); the intracellular concentrations are comparatively lower
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(ii) Within a host cell, certain drugs, such as azithromycin,
are tightly bound to intracellular targets and thus create depots
whereas others, such as quinolones, easily diffuse out of the
host cell when the extracellular concentrations decrease (49).
(iii) The mere presence of an antibiotic within a host cell
does not guarantee therapeutic success. Some antimicrobial
agents gain access to an improper compartment in the host cell
and thus cannot interact with the bacterial invader. For example, teicoplanin remains adherent to the membrane of the host
cell after penetration; gentamicin is exclusively transported
into the lysosomes and has no contact with intracellular listeriae there. The quinolones and the macrolides are accumulated within the lysosomes and the cytosol, whereas the b-lactams generally cross the cell membrane in small amounts only;
thereafter, they are located mainly in the cytosol (Table 5).
(iv) The environmental conditions within an intracellular
compartment, such as protein binding, ionic strength, and pH
value, do not allow an optimal antimicrobial effect for some
drugs. For example, at the low pH of the lysosomes, gentamicin
is present only in its protonic isoform, which is completely
inactive (62).
(v) Notably, unrelated drugs that do not possess antimicrobial activity but are used concomitantly with antibiotics can
influence their intracellular accumulation, distribution, and activity. For example, probenecid enhances the accumulation of
quinolones within eukaryotic cells (14). Chloroquine and
amantadine are transported to the lysosomes of a host cell,
where they elevate the pH of these intracellular compartments
and hence interfere with the activity of intracellular antimicrobial agents such as tetracycline (107).
Thus, although listeriae are susceptible in vitro to most of
the common antibiotics, many possibilities for therapeutic failures exist. In addition, it is probable that determination of
MICs and MBCs in vitro on artificial media is not sufficient to
predict the therapeutic value of a drug in the treatment of
listeriosis.
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THERAPEUTIC ACTIVITY OF ANTIBIOTICS
IN ANIMAL MODELS
Systemic Infection of the Spleen and Liver in
Mice—Intracellular Multiplication
A rough estimation of antibiotic activity can be obtained by
determining the survival rates or survival times after inoculation of animals with high, lethal doses of L. monocytogenes.
Subcutaneous or intraperitoneal injection of an appropriate
(nonlethal) number of virulent listeriae into mice leads to a
systemic infection which affects mainly the organs of the mononuclear phagocyte system, such as the spleen and liver, but
does not induce meningitis or encephalitis. A well-defined infection curve can be constructed by counting the bacterial
numbers in these organs several days after infection (50, 71).
This technique allows precise and quantitative follow-up of
bacterial multiplication. The effect of antibiotics given either
orally or parenterally can thus be sensitively monitored. A
general problem with the use of small animals is that the
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FIG. 4. Therapeutic activity of CI 934, a new quinolone, on murine listeriosis.
Symbols: E, untreated control mice; F, 1 mg twice a day given orally; Ç, 1 mg
twice a day given intraperitoneally; å, 1 mg twice a day given subcutaneously.
Arrows indicate the times when antibiotics were administered. Reprinted with
permission from reference 47.

pharmacologic properties of antibiotics may differ substantially
from those in humans and the dose and intervals of administration, which are often arbitrarily chosen in such animal models, hardly apply to human therapy.
A real advantage of this Listeria model is that therapy can be
started several hours after infection and continued for several
days. If therapy were begun immediately after injection of
listeriae, as is done in most other animal models for evaluation
of antibiotics, most listeriae would still be extracellular and
easily attacked by the antibiotic. Several hours after infection,
a typical inflammatory response characterized by a serous exudate, followed by formation of granulocytic abscesses and
even later by organized granulomas, develops (40). These histologic alterations clearly influence the therapeutic outcome,
as proven in a historic paper by Porter and Hale (101). They
reported on the therapeutic effect of sulfonamides on Listeria
infection of mice. Survival was enhanced when treatment was
started early, i.e., 3 h after inoculation with listeriae. Since
sulfonamides attack intracellular bacteria poorly, it could be
assumed that these antimicrobial agents act on extracellular
listeriae to reduce the challenge dose of infective organisms to
a sublethal level. It is generally accepted that in later stages of
infection, listeriae reside and multiply predominantly within
macrophages and even within parenchymal cells of animals.
Initiation of therapy 6 h after infection clearly allows the therapeutic effect of an antibiotic to concentrate on an established
infectious process. In principle, three different aspects of therapy can be described.
Curing. Only a few agents, such as rifampin, coumermycin,
the newer quinolones, CI 934 (Fig. 4) and Bay Y 3118 (47, 54,
90), and the newer macrolides, clarithromycin, azithromycin,
and roxithromycin (8), are able to cure infection rapidly. Am-
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than the extracellular concentrations. Furthermore, it must be
kept in mind that listeriae are tolerant to b-lactams in vitro,
which means that they are killed only by high concentrations of
the drugs. It might be speculated that the unexpected intracellular killing by b-lactams is due to a reduced expression of
essential virulence factors by the pathogen even at the low
concentrations of b-lactams, possibly even below the MIC, that
are achieved in the cytosol of host cells. Thus, the killing of
intracellular listeriae might result from host cell mechanisms
rather than from antibiotics.
Ampicillin incorporated into liposomes is more effective
against L. monocytogenes in mouse peritoneal macrophages
than is ampicillin alone. The liposomes enhance antibiotic uptake (6). However, higher drug concentrations may not be
achieved in other relevant host cells, such as hepatocytes,
which also may be infected by L. monocytogenes. Apart from
these b-lactams, co-trimoxazole also has a bactericidal effect
on listeriae within host cells (81). Rifampin, erythromycin,
doxycycline, and coumermycin inhibit multiplication rather
than kill listeriae (81, 89).
Ciprofloxacin and chloramphenicol are not inhibitory at all.
The newer quinolones sparfloxacin (81) and Bay Y 3118 (90)
are more bactericidal than older formulations, which means
that at concentrations about the MICs, a reduction of intracellular counts is seen.
The newer macrolides such as clarithromycin are superior to
erythromycin in that they inhibit the growth of listeriae at
lower concentrations, but they are not bactericidal for intracellular listeriae (88). As discussed above, the distribution and
activity of intracellular antibiotics may be markedly influenced
by environmental conditions or by drugs with no inherent antibacterial activity, such as chloroquine or amantadine. These
agents are lysosomotropic and alkalinize lysosomal locations,
which may result in a change in the activity of certain antibiotics (107). As a consequence, experimental results cannot
always be extrapolated to the situation in the whole animal.
Some cells that intrinsically express export pumps such as
MDR (32) may not accumulate macrolides intracellularly. As
MDR is expressed differently in various tissues (132), either
intrinsically or induced by environmental conditions, one
might speculate that the export of antibiotics by some infected
cells could contribute to treatment failure and persistence of
listeriae. MDR often is overexpressed in tumor cells (30), so
that these host cells might provide a safe haven for L. monocytogenes.
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picillin achieves this task rather late, only after a few days, and
elimination is complete only when the immune response occurs and acts in conjunction with the antibiotic (Fig. 5) (54,
121). An improved response is seen after incorporation of
ampicillin into liposomes (5), which are engulfed primarily by
Kupffer cells of the liver. Protracted liberation of the drug,
which protects hepatocytes, may be the reason for this better
therapeutic effect, rather than simply an increased amount of
drug in the Kupffer cells.
In the mouse model, the addition of gentamicin to ampicillin
does not improve the therapeutic result (53), probably because
the intracellular listeriae are not reached by gentamicin. Indeed, the bulk of listeriae reside within liver and spleen cells.
On the other hand, the survival of mice infected with a high
dose of L. monocytogenes, which leads to death within 2 days,
was somewhat increased when penicillin was combined with
gentamicin (20). This could be explained by the fact that in this
model the excessive numbers of bacteria induce necrosis (40).
In areas where the normal architecture of tissues is destroyed,
most bacteria will lie extracellularly and hence are rendered
accessible to gentamicin according to the in vitro situation
allowing synergism with penicillin.
Inhibition. Another group of agents including imipenem,
azlocillin, tetracyclines, erythromycin, spiramycin, co-trimoxazole, ciprofloxacin (Fig. 5) (8, 54), vancomycin, teicoplanin
(11), and RP 59500 (91) inhibits the multiplication and dissemination of listeriae but does not reduce bacterial counts
until the body’s own defense mechanisms finally stop the infection.
Failure. A third group of antibiotics such as mezlocillin and
cephalosporins (54) or mersacidin (63) has no effect on the
course of infection, although mezlocillin and mersacidin are
active in vitro.
Acute Meningitis in Rabbits—Extracellular Multiplication
In the rabbit model, acute meningitis is induced by intracisternal inoculation of a high dose (.107 cells) of virulent listeriae. A purulent infection develops rapidly, within 15 h. During this short-lived process, treatment can be given only over a
very short period. In untreated animals, the course of infection
is rapidly fatal (95, 113, 114). It may be assumed that in this
situation, when viable bacteria in the cerebrospinal fluid (CSF)
appear to be resistant to phagocytosis by polymorphonuclear
leukocytes (111), the bulk of listeriae may lie extracellularly, as
has been pointed out by Winslow et al. (140).

FIG. 6. Effect of 2 mg of Bay Y 3118, given twice a day, on listeriosis in
immunocompromised, nude mice (■) (90). Untreated control mice (å) could
not eliminate the bacteria. Arrows indicate the times when antibiotics were
administered.

In this model, penicillin is highly beneficial and ampicillin
(114) and mezlocillin (95) are even more so, whereas rifampin
is less active, showing that the ability of a drug such as rifampin
to accumulate within host cells does not afford an advantage
over extracellular agents; there is no synergism of rifampin
with penicillin (113). This may be analogous to the in vitro
situation in which no synergism occurs. Another reason may be
the poor penetration of rifampicin into the CSF (113).
In contrast, rifampin alone (51) or in combination with ampicillin (137) is highly active in the murine model of systemic
infection in which intracellular multiplication of L. monocytogenes is predominant. Equally, in the murine model, the combination of ampicillin and gentamicin is indifferent (53),
whereas in the meningitis model with largely extracellular bacteria this combination is more active than either drug alone
(114), reflecting the in vitro situation (4, 13, 31, 82, 119, 129,
139).
Effect in Immunocompromised Mice
A quite different condition is created in a model of infection
of congenitally athymic, nude mice. In these mice, a chronic
course of infection is induced by virulent strains of L. monocytogenes. Consequently, treatment can be started several days
after infection, when histological alterations have already developed (40, 50). In addition, this model approaches more
closely the clinical situation in humans, because these animals
are immunocompromised by the lack of T lymphocytes and are
analogous to patients with leukemia or AIDS. In this situation,
the role of an antibiotic is much more decisive, since the
cooperation of the body’s own defense mechanisms is lacking.
In immunocompromised nude mice that develop a chronic
infection, the first dose of antibiotic can be given after infection
is established and when inflammatory reactions in the infected
tissues are present. Under these circumstances, the therapeutic
effect of only very few agents remains satisfactory. Coumermycin (44, 54) and the new quinolone Bay Y 3118 (90) are still
curative (Fig. 6). Rifampin and ampicillin (Fig. 7) are able to
reduce the bacterial counts (51, 54) but not to cure the infection; thus, an exacerbation after cessation of antibiotic therapy
occurs, because the few remaining bacteria cannot be elimi-
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FIG. 5. Therapeutic activity of ciprofloxacin in comparison to ampicillin on
murine listeriosis (90). Symbols: F, untreated controls; å, 2 mg of ciprofloxacin
twice a day given intraperitoneally; ■, 2 mg of ampicillin twice a day given
intraperitoneally. Arrows indicate the times when antibiotics were administered.
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effects are only short-lived. Activation of the T-lymphocyte
system through nonspecific modulators, such as cytokines, has
been tested in animal experiments. For example, interferon
confers some degree of resistance against infection with L.
monocytogenes in normal mice (59) but not in nude mice (45).
Obviously, one instrument alone is not able to replace a concert of diverse agents and factors.
Immunmodulation is not yet a real practice in medicine,
although sometimes it may be an undesired side effect of antibiotics themselves, i.e., by direct alteration of granulocyte or
lymphocyte function (80).
CLINICAL EXPERIENCE

nated by the host’s defective defense system. Even liposomeentrapped ampicillin is not protective (5). Bacteriostatic
agents, such as erythromycin or tetracycline, do not show any
therapeutic effect in these compromised animals (54).
IMMUNIZATION AND IMMUNOMODULATION
Since resistance to infection with L. monocytogenes is cell
mediated (71), killed vaccines are not protective. The best
protection can be achieved by infection with a virulent strain
that multiplies in the host, but even this effect fades away
within several months (43). The use of attenuated vaccine
strains is hampered by the fact that to achieve protective immunity, an opportunity to multiply within host cells must remain. For immunocompromised hosts, there is the risk that
this may lead to disease. One strategy is to immunize against
certain virulence factors of L. monocytogenes, for example p60,
a major protein of the bacterial surface. This listerial antigen,
when expressed by other vectors, for example by avirulent
strains of Salmonella typhimurium, is able to induce a certain
degree of protection (28). However, this approach is far from
being applicable for routine vaccination of animals or humans.
Another idea is to nonspecifically strengthen the body’s own
defense system. Training of the mononuclear phagocyte system
by previous confrontation with nonspecific stimulants such as
lipopolysaccharide, Mycobacterium bovis BCG, or killed Bordetella pertussis cells (143) helps to overcome infection in experimental animals but is not of practical use because of side
effects. In principle, all such agents must be given at a definite
interval before the experimental infection to influence the
course of infection, because there is a lag phase between the
stimulus and the reaction of the defense system. Such a protocol is unsuitable for practical purposes, because one cannot
predict the exact time point of infection and the beneficial
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FIG. 7. Effect of 2 mg of ampicillin on listeriosis in immunocompromised,
nude mice. Arrows indicate times of antibiotic administration. Reprinted with
permission from reference 50.

Since listeriosis is a rather rare human disease which occurs
sporadically or in small epidemics in most instances, prospective clinical studies on the best antibiotic regimen are not
available. The present view of the optimal therapy is founded
on occasional observations and impressions. Thus, in the literature one finds reports on limited numbers of patients treated
with a certain regimen but no direct comparison of two different choices. Because the result of chemotherapy may also
depend on the activity of the body’s own defense system, which
may differ in neonates, adults, and cancer patients, the contribution of antibiotics to a cure may be difficult to evaluate in
each case. In addition, the clinical manifestations of disease,
for example meningitis or encephalitis, may influence the outcome of the infection and the susceptibility to therapy.
Penicillin derivatives play a pivotal role in the therapy of all
forms of listeriosis. Penicillin G given intravenously in high
doses has been used with success for meningitis as well as other
manifestations (79). With ampicillin, too, good results have
been obtained in adults (138) and in neonates (72, 84). Therapeutic failures may not be due to the resistance of L. monocytogenes to ampicillin as stated previously (100, 108). In a
direct comparison, the efficacy of ampicillin was superior to
that of penicillin (64); however, this could not be confirmed in
a larger study (94). The therapeutic importance of the acylureidopenicillins (74) or imipenem has not yet been clarified. In
contrast, cephalosporins were completely ineffective (94). Listeriosis developed even in patients undergoing therapy with
cephalothin (73) and cefazolin (66). Other cephalosporins,
such as cefotaxime, ceftriaxone, and ceftazidime, are all clinically ineffective. However, it seems important to note that
cephalosporins do not interfere with the action of the penicillins when added to the treatment regimen (16).
The effectiveness of chemotherapy depends largely on the
dose administered. High doses of ampicillin are needed, especially when infection of the brain occurs, since ampicillin
crosses the blood-brain barrier only poorly; not less than 6
g/day must be given to an adult (74), but much larger amounts
have to be used in certain cases; for example, 18 g/day has been
used in a pregnant woman antepartum (58).
Apart from the dosage, the duration of treatment seems to
be crucial. In general, a period of at least 2 to 3 weeks has been
advised to avoid relapse (74, 126). This holds true particularly
for immunocompromised patients, who are often found among
persons with listeriosis (67, 94) and in whom even a few remaining bacteria are not killed by the body’s own defenses.
Furthermore, it should be remembered that L. monocytogenes
is tolerant to the action of ampicillin, so that the bactericidal
activity of this antibiotic is not reliable (see above). Indeed,
recurrent listeriosis with the same strain has been observed in
some patients (78, 126).
In spite of rational antibiotic therapy with ampicillin, about
one-third of patients with listeriosis die; therapeutic failure is
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CONCLUSIONS
Listeriosis is not a major problem in medicine, but the high
mortality rate of overt listeriosis in very young, very old, and
immunocompromised patients represents a challenge for veterinarians, food microbiologists, medical microbiologists, and
clinicians. Since food has come to be regarded as the major

source of infection, considerably preventive efforts have been
taken by decontamination of domestic cattle and food items
(27). The therapeutic efficacy of conventional treatment is still
unsatisfactory, emphasizing that listeriosis remains a medical
problem, at least in part because of the habitat of the organisms within host cells. Biologists have elucidated the intracellular behavior of L. monocytogenes (102, 124, 131).
In the most common clinical setting of meningitis, listeriae
behave more as extracellular than intracellular pathogens, and
therefore antibiotics that exert a good activity in vitro should
be considered for the initial therapy of listeriosis. Since intrisic
resistance except to cephalosporins is uncommon and acquired
resistance is extremely rare, many options are available. Unfortunately, only few agents are rapidly bactericidal for L.
monocytogenes.
Furthermore, because meningitis and encephalitis are the
prominent clinical manifestations of disease, drugs that easily
cross the blood-CSF barrier and the blood-brain barrier must
be chosen. Whereas antibiotics may have a good chance to act
on listeriae in the more permeable inflamed meninges and the
ventricles, the blood-brain barrier is more complex in normal
situations and possibly more restrictive even in the case of
inflammation. Thus, in practice, the choice of therapy is limited
in spite of the large array of antibiotics active in vitro. Ampicillin or, even better, amoxicillin, combined with an aminoglycoside remains the primary choice. The aminoglycoside should
be added because it enhances the bactericidal action of penicillins. For patients allergic to b-lactams, co-trimoxazole represents an alternative drug.
Drugs are able to interact with extracellular bacteria and
reduce the bacterial load. In normal immunocompetent patients, the body’s defense system will rid itself of the residual
bacteria, so that the therapeutic efficiency of antibiotics is generally good. On the other hand, because L. monocytogenes
resides and multiplies intracellularly, manifestations of listeriosis other than meningitis, for example encephalitis, may develop. Listeriae can infect several types of brain cells, namely,
ependymal cells, macrophages, microglial cells, and neurons
(117). Neurons normally do not express major histocompatibility complex class I antigens (87), so that T-cell-mediated
immunity against L. monocytogenes cannot rid these niches of
the organism. Furthermore, no information about antibiotic
accumulation in neurons is available. Hence, a high mortality
rate in spite of administration of the recommended antibiotic
regimen occurs and recurrence after initial improvement is
often seen as well.
More from such theoretical considerations than from clinical experience, one may conclude that an optimal therapy of
listeriosis may be achieved only when drugs that counteract
intracellular bacteria are added. Rifampin is such a drug, but it
may interfere with the action of ampicillin on extracellular
listeriae (140).
Since listeriosis often occurs in cancer patients, one may
assume that not only macrophages and parenchymal cells but
also tumor cells will be infected by virulent L. monocytogenes,
which can infect virtually every type of host cell (102, 124). A
particular portion of such transformed cells will genetically
express resistance to various cytostatic drugs (30, 32), including
antibiotics. In addition, normal tissue cells may be induced to
express MDR or other export systems. Hence, L. monocytogenes may persist in protected intracellular niches and infection
may exacerbate after cessation of therapy. Thus, therapeutic
failure may be due to resistance of host cells rather than to
resistance of bacteria.
In the future, nonconventional methods will need to be
applied to reduce the health risk posed by listeriae. The pos-
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probably due not to the antimicrobial resistance of the pathogen but, rather, to the stage of the infectious disease or to the
critical situation of the patient as a result of the underlying
disease. Whereas previously healthy patients have a relatively
good chance of surviving infection, those with underlying disease are at especial risk of succumbing to listeriosis (94, 126,
144).
From in vitro data (see above) and animal experiments
(114), it has been determined that the addition of gentamicin
to ampicillin could further enhance the therapeutic effect. Although there are no comprehensive clinical studies, substantial
evidence has been derived from observations of many favorable outcomes when this regimen is used. Today, there is
ample agreement that this combination is the therapy of primary choice for listeriosis (74). For patients allergic to b-lactams, co-trimoxazole has been recommended as the therapy of
second choice (16, 128, 141) for intracranial as well as extracranial manifestations. Another favored aspect of co-trimoxazole
is that after an initial parenteral application, therapy can be
continued orally, for example with trimethoprim alone, to prevent relapse (35). Use of the combination of ampicillin and
co-trimoxazole has also been recommended (9), although experience with this combination is rather limited. All other
drugs, like chloramphenicol, tetracyclines, and macrolides, are
much less potent (16, 64).
Contradictory results have been obtained with vancomycin.
Although this drug has been recommended as an alternative to
ampicillin or co-trimoxazole (12), treatment failures have been
reported (19) and the development of Listeria meningitis during vancomycin therapy, possibly due to poor penetration of
this drug into the CSF, has been observed (7). The value of
rifampin for therapy of listeriosis remains a matter of debate.
Whereas the in vitro activity is good (see above) there is only
an additive or even an antagonistic effect when it is used in
combination with ampicillin. This effect has been further substantiated by in vivo experiments on rabbit meningitis (113).
On the other hand, in the mouse, where listeriae reside intracellularly, rifampin has a marked therapeutic effect (51). Thus,
one could argue that for the initial therapy of listeriosis, which
most often manifests itself as meningitis, rifampin is not essential, but for a complete cure, which would include the eradication of intracellular bacteria hidden, for example, within
parenchymal cells of the brain, the use of rifampin can be
assumed to be important. However, this assumption remains
speculative at present (74).
Some recommendations for empiric therapy of bacterial
meningitis include the use of cephalosporins (39). Those antibiotic regimens will be effective with most bacterial pathogens
but not with L. monocytogenes, which require a selective treatment. Thus, an exact diagnosis is a prerequisite for a favorable
outcome. In Gram-stained smears, L. monocytogenes can easily
be mistaken for streptococci, so that an effective treatment is
delayed. In listeria encephalitis, bacteria may reside entrapped
in the infective foci and are not be reached by spinal puncture.
As a result, diagnosis can not be made by culture, and serologic
procedures for listeriosis are unreliable (48). Consequently,
the difficult diagnosis may contribute to the high fatality rate
because the best choice of antibiotics is missed.
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sibilities to prevent disease either by inhibition of L. monocytogenes in food or by interference with colonization of the gut,
using bacteriocins, for example, should be considered further.
Another possibility is the stimulation of innate, nonspecific
defense mechanisms. Since L. monocytogenes is highly susceptible to endogenous antibiotics, such as defensins, the application or induction of such protective substances would be highly
beneficial. Progress in the modulation of the specific immune
reaction could also have an important impact on the treatment
of listeriosis.
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