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A broth microdilution method was used to measure the minimal inhibitory
concentrations (MICs) of the antibiotics most often recommended for treatment
of listeriosis. The MICs of ampicillin, penicillin, erythromycin, and tetracycline
for 175 strains of Listeria monocytogenes were below the approximate MIC
breakpoint for susceptible strains as recommended by the National Committee
on Clinical Laboratory Standards. Inhibition diameters for 125 strains were

measured by the standardized disk method (National Committee on Clinical
Laboratory Standards) and compared with the appropriate MIC values. By both
methods, strains were susceptible to the above four antibiotics, except for three
strains, which were intermediate in susceptibility to penicillin by the disk method.
Since the minimal bactericidal concentrations for ampicillin and penicillin sig-
nificantly exceeded the MICs for these antibiotics, 45 strains were evaluated with
ampicillin (5 ,ug/ml) and gentamicin (1 ,ug/ml) to compare the synergistic bacte-
ricidal effect of the two used in combination and singly. An increased kill of 100-
fold was observed with the antibiotics combined in 19 strains after 4 to 6 h and in
40 strains after 24 h. A comparison of results with microdilution in Trypticase soy
broth and agar dilution in Mueller-Hinton agar revealed that MICs for gentamicin,
kanamycin, and streptomycin were strongly influenced by the media used. The
MICs were consistently lower in Mueller-Hinton agar.

Numerous reports have dealt with the clinical
and laboratory aspects of Listeria monocyto-
genes infections. Although many authors dis-
cussed the susceptibility of these organisms to
antibiotics or made recommendations regarding
therapy, they did not all agree to any specific
optimal regimen for treatment. The antibiotics
often suggested include tetracycline (3, 4), peni-
cillin (10, 14), ampicillin (9, 12, 17), and eryth-
romycin (10). Some reports detail the possible
advantages of using antibiotic combinations that
show synergistic effects against strains of L.
monocytogenes tested in vitro (8, 13, 15).
The purpose of this study was to determine

the in vitro activity of various antibiotics against
recent clinical isolates of L. monocytogenes from
the United States and stock strains representing
the known serotypes. Standardized disk diffu-
sion and broth microdilution susceptibility
methods were compared. The synergistic activ-
ity of gentamicin and ampicillin was studied in
strains isolated from neonates.

MATERIALS AND METHODS
Bacterial cultures. L. monocytogenes cultures

were selected from those submitted to the Center for
Disease Control for identification or serotyping.

Strains received from 1971 to 1976 are listed in Table
1 by geographical origin and serotype. Clinical isola-
tion sources included: spinal fluid, blood, uterus,
pleural fluid, trachael aspirate, heart, eye, nose, ear,
liver, spleen, skin, stool, and placenta. Staphylococcus
aureus ATCC 25923 and Escherichia coli ATCC
25922 were included in each experiment as reference
strains. Pseudomonas aeruginosa ATCC 27853 was
also used as a reference strain in some studies.

Reference strains (with serotypes) of L. monocyto-
genes studied included those from: Seeliger 7973 (la),
5348 (2), 5105 (3), 5214 (4a), and 1071 (4b); Iwanow
(5); and Donker-Voet 2459 (la), 1684 (lb), L461 (3b),
F4 (4b), 10 (4c), 21 (4d), 93/65 (4f), 1383 (6), and 1627
(7).

Susceptibility test methods. (i) Disk diffusion
method. The standardized diffusion method used was
the Bauer-Kirby procedure (1) as described by the
Food and Drug Administration (7) and expanded in
the tentative report of the National Committee for
Clinical Laboratory Standards (NCCLS) (16). Strains
were grown at 350C in Trypticase soy broth (TSB) for
4 to 6 h. The turbidity was adjusted spectrophotomet-
rically, and the inoculum was applied with a cotton
swab to plates of Mueller-Hinton agar (MHA) with
5% defibrinated sheep blood.

(ii) Broth microdilution method. For the broth
microdilution method, cultures were grown for 18 h at
35°C. One drop of 18-h growth was added to 8 ml of
TSB and incubated at 35°C for 4 to 6 h. The turbidity
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was adjusted spectrophotometrically to a density
equal to a McFarland 0.5 standard, and the growth
was then diluted 1:100 in TSB. Serial twofold dilutions
of antibiotics were made in tubes with TSB diluent.
The inoculum containing approximately 106 colony-
forming units (CFU) per ml was added to wells in
microtiter plates with 0.05-ml dropping pipettes. Equal
volumes (0.05-ml) of antibiotic dilutions were added to
the microtiter plates with dropping pipettes. Plates
were covered with Parafilm and incubated for 18 h at
35°C. Miniimal inhibitory concentration (MIC) was
defined as the lowest concentration of antibiotic that
prevented macroscopically visible growth after 18 h of
incubation. To determine minimal bactericidal con-
centrations (MBCs), a 0.01-ml portion was removed
with a calibrated loop from each well with no visible
growth and subcultured onto Trypticase soy agar
(TSA). MBC was defined as the lowest concentration
of antibiotic that prevented absolute growth on sub-
culture after 18 h of incubation.

(iii) Agar dilution method. The agar dilution
technique of Washington (23) was used, with the in-
oculum prepared as described for the broth microdi-
lution method except that the 4- to 6-h growth was
adjusted to a McFarland no. 1 standard and then
diluted 1:10. The inoculum was placed in seed plates,
and 0.001 ml was delivered by each inoculating rod of
a Steers replicator device to MHA plates containing
5% defibrinated sheep blood and antibiotic. The MIC
was the lowest concentration of antibiotic at which
there was no growth, a very barely visible haze, or one
or two discrete colonies.
Synergism studies. Cultures grown (4 to 6 h) in

TSB at 35°C and then diluted to contain approxi-
mately 107 CFU/ml were used as inoculum. Gentami-
cin and ampicillin were diluted in TSB so that final
concentrations of 1 pig of gentamicin per ml (concen-
tration < MIC) and 5 pg of ampicillin per ml (concen-
tration > MIC) were used in the test either singly or
in combination. One milliliter of inoculum was mixed
with an equal volume of each of the two antibiotics
and with the combined antibiotic. Tubes were incu-
bated at 35°C. Colony counts were determined on the
initial inoculum, and samples were removed at 4 to 6
h and at 24 h. A sample of 0.1 ml from each tube was
transferred, undiluted or in 10-fold dilutions, to a petri

dish with TSA. The number ofCFU per milliliter were
counted after an 18-h incubation. Synergism was de-
fined as a 100-fold decrease in CFU when the antibiotic
combination was used as compared with ampicillin
alone. Under the experimental conditions used, gen-
tamicin was not bactericidal.

Antibiotics. The antibiotics used in the broth di-
lution procedure were erythromycin (Abbott Labora-
tories and Eli Lilly & Co.), ampicillin (Wyeth Labo-
ratories and Pfizer Laboratories), tetracyline (Lederle
Laboratories and Upjohn Co.), gentamicin (Schering
Corp.), cephalothin (Eli Lilly & Co.), chloramphenicol
(Parke, Davis & Co.), kanamycin (Bristol Laborato-
ries), and streptomycin (Pfizer Laboratories). Com-
mercial disks used in the diffusion test included am-
picillin (10 ,ug), penicillin (10 U), erythromycin (15 jig),
gentamicin (10 pAg), streptomycin (10 ug), and tetra-
cycline (30 pg).

RESULTS

Strains described in Table 1 were grouped
according to their MICs, determined by micro-
dilution in TSB, and plotted in cumulative fash-
ion as shown in Fig. 1. All strains were within
the susceptible category based on NCCLS ap-
proximate MIC breakpoints (expressed in micro-
grams per milliliter) for erythromycin (s2.0),
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FIG. 1. Cumulative MIC distribution curves with
nine antibiotics. Numbers of strains tested are indi-
cated in parentheses. Results of broth microdilution
with TSB.

TABLE 1. L. monocytogenes strains by geographical origin and serotype
No. of strains by serotypea:

Geographical origin
la lb 2 3b 4a 4b 5 7

Area of United States
New England 4 1 8
Middle Atlantic 7 5 11
East North-Central 6 9 2 1 20
West North-Central 1 4
South Atlantic 7 14 16 1
East South-Central 3 1
West South-Central 11 16 1 19
Mountain 2 2
Pacific 5 6 5 1

Foreign 4 1 1 8 1
a Selected from those received by the Center for Disease Control from 1971 to 1976.
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penicillin (c1.5), ampicillin (<1.5), tetracycline
(c4.0), chloramphenicol (s12.5), and cephalo-
thin (lO.0). Gentamicin MICs were in the sen-
sitive range (c6.0) for all strains except two,
which were intermediate in sensitivity (>6 to
<12.5). MICs for two other aminoglycosides,
streptomycin and kanamycin, were either inter-
mediate or resistant with all the strains. Stock
strains representing all of the L. monocytogenes
serotypes were also tested with the nine anti-
biotics, and the MICs were within the same
range as those of the clinical isolates.
MBCs for penicillin, ampicillin, streptomycin,

and gentamicin were determined with 50 strains.
The MBC end points for streptomycin and gen-
tamicin were within a twofold dilution of the
MIC. In contrast, the MBCs for penicillin and
ampicillin were at least 4 twofold dilutions above
the MICs. The effect of the inoculum was eval-
uated with ampicillin. The number of CFU re-
maining after 18 h of incubation was influenced
by the initial inoculum used (Fig. 2).

Five L. monocytogenes strains were diluted to
contain 107, 106, and 105 CFU/ml in the initial
inoculum. The MICs with ampicillin for all of
the inocula were -O.5 Ag/ml, and the MBCs
were all >16 ,ug/ml. The mean numbers of CFU
for the 107 inoculum after an 18-h incubation
with ampicillin concentrations of 1 to 32 ,ug/ml
were within a 106 to 107 range. With the 106
initial inoculum, the CFU mean for the five
strains with these same ampicillin concentra-
tions was in the 104 to 105 range. With a begin-
ning inoculum of 105, the CFU mean was in the
102 to 103 range.
The number of CFU per milliliter remaining

after 18 h of incubation with the NCCLS break-
point concentrations of ampicillin (1.5 ,ug/ml)
was compared with that remaining after incu-
bation with tetracycline (4 ,tg/ml) and gentami-

CONCENTRATION AMPICIN (jig/ml)

FIG. 2. Effect of initial inoculum size (105, 106, or
107 CFU) on the viability in various ampicillin con-
centrations after an 18-h incubation. Shaded areas
represent MICs.
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cin (6 ,ug/ml) (Table 2). Samples were taken
immediately after the antibiotic was mixed with
the cells and after 4 and 24 h. The numbers of
CFU per milliliter in samples taken immediately
after the inoculum was mixed with the three
antibiotics were not appreciably different. Sam-
ples taken 4 h later showed no substantial de-
crease in CFU per milliliter with ampicillin or
tetracycline, but with gentamicin the CFU per
milliliter decreased to 5.7 x 102. At 24 h, the
number of CFU per milliliter with tetracycline
had decreased only slightly, with ampicillin it
had decreased to 3.5 x 104, and with gentamicin
it had decreased to <10. Similar results were
obtained with five strains tested.
The MICs in microdilution with TSB for 125

strains were compared with inhibition zones by
disk diffusion (Fig. 3). When the interpretive
standards of the NCCLS were applied, all strains
were susceptible by both methods to ampicillin,
erythromycin, and tetracycline. All strains were
susceptible to penicillin by MIC, although three
strains had zone diameters in the intermediate
range by the disk procedure. The disk diffusion
results with gentamicin indicated susceptibility
in all strains tested, although two were consid-
ered'intermediate by microdilution. Results with
the two methods showed least agreement in tests
on streptomycin. By the disk diffusion method,
all strains were susceptible, except one, which
had an intermediate zone; however, all strains
were intermediate or resistant by microdilution.
A total of 45 strains isolated from neonates

were tested for the synergistic effect of genta-
micin and ampicillin. Fifteen strains were tested
at three different times, another 15 were tested
twice, and the remaining 15 were tested only
once. The mean of the different test results was
used when strains were tested more than once.
Figure 4 is a composite giving the ranges and
means of the synergistic results with 45 strains.
Nineteen of the strains at 4 to 6 h showed at
least a 100-fold decrease in viable cells in the
combined antibiotic tube relative to the numbers
found with either antibiotic used singly, and 40
of 45 were affected synergistically when sampled
at 24 h. All determinations showed increased kill
at the times ofthe early and late readings, except

TABLE 2. Comparison of killing by ampicillin,
gentamicin, and tetracycline with time

CFU/ml on subculture
Sample
time (h) Ampicillin

(1.5 pg/ml)
Immediate 2.6 x 106

4 1.3 x 106
24 3.5 x 104

Tetracycline
(4 ,Ag/ml)
2.2 x 106
1.9 x 106
1.1 x 106

Gentamicin
(6 pg/ml)
1.8 x 106
5.7 x 102
<10
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MIC BY TUBE DILUTION (pg/ml)
Erythromycin Penicillin Ampicillin
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FIG. 3. Scattergram of MICs and inhibition zone diameters for 125 strains of L. monocytogenes and six

antibiotics. The horizontal broken lines represent NCCLS zone diameter interpretive breakpoints, and the
vertical broken lines separate the NCCLS approximate MIC breakpoints. S, Susceptible; I, intermediate; R,
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for one strain that showed a decrease of 0.6 logio
at the early reading in one experiment and one

strain that showed a decrease of 0.1 logio at
24 h.
Table 3 shows a comparison ofMICs in MHA

and TSB with nine antibiotics. The MIC with a

P. aeruginosa control strain was 2 ,ug/ml in TSB
and MHA. This strain showed an inhibitory
zone diameter of 18 mm with a 10-,ug gentamicin
disk on MHA. With erythromycin, penicillin,
ampicillin, chloramphenicol, and cephalothin,
90% of the end points were within ±1 twofold
dilution with the two media. Similar results were
obtained for 70% of the strains with tetracycline,
whereas end points were consistently 22 twofold
dilutions lower in MHA than in TSB with the
aminoglycosides. These strains were also tested
by disk diffusion with the same six antibiotic
disks shown in Fig. 3. The inhibition zones were

in the same range as those shown for the 125
strains tested previously. Susceptibility interpre-
tations were comparable for all six antibiotics
with agar dilution in MHA and with disk diffu-
sion in MHA.

DISCUSSION
Seeliger (20) in 1961 observed that data on in

vitro susceptibility ofListeria strains varied con-

siderably, but he believed that this variation
reflected different test procedures and methods
of investigation rather than great differences in
susceptibility of the organisms themselves. Us-
ing standardized susceptibility tests, we studied
a large number of recent clinical isolates and
found that they represented a homogeneous and
sensitive population in their susceptibility to the
antibiotics most often recommended for treat-
ment (ampicillin, penicillin, erythromycin, and
tetracycline). Although there have been reports
of strains that were "moderately resistant," "rel-
atively resistant," "not fully sensitive," and "re-
sistant" to some of these antibiotics, especislly
penicillin (2-4, 11, 12, 18, 21), most strains stud-
ied have been considered susceptible. The MICs

ANTIMICROB. AGENTS CHEMOTHER.

reported here compare well with those of Cour-
tieu et al. (5) in France, who recently tested 136
strains from medical, veterinary, and agricul-
tural sources and reference strains.

In this study a broth dilution rather than an

agar dilution method was selected so that both
MIC and MBC determinations could be made.
Several lots of Mueller-Hinton broth (MHB)
were tested, including one containing appropri-
ate concentrations of Ca2l and Mg2e (19); how-
ever, growth of Listeria strains after 18 h was

light, and end points were hard to interpret.
Growth in TSB was heavier, and numerous lots
of this medium were used during the study pe-
riod of several years. For disk diffusion, MHA
was supplemented with 5% defibrinated blood to
enhance growth. MHA and MHB do not appear
to be optimal for the growth of Listeria.
There have been reported differences in MIC

values obtained in MHA, MHB, and TSB for
aminoglycosides, tetracyclines, and other anti-
biotics (6, 19, 23). The differences are attributed
to variations in the cation content of the media.
Strains of P. aeruginosa that can be used to
evaluate acceptable performance of Mueller-
Hinton media (19) have been described. Because
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FIG. 4. Composite of results of 45 strains tested
with ampicillin and gentamicin singly and in com-
bination. The range of results is indicated by brack-
ets.

TABLE 3. Relationship ofMIC in MHA and TSB

AntiiotcNofMIC range ug/ml) in: No. of strains at each fold difference in MIC as deter-
Antibiotic No. of MCrne(g/)m:mined in MHA vs. TSB

strains
TSB MHA -4 -3 -2 -1 0 +1 +2

Erythromycin 10 0.125-0.25 0.125-0.25 0 0 0 3 7 0 0
Penicillin 10 0.125-0.5 0.025-0.5 0 0 1 3 5 1 0
Ampicillin 21 0.125-1.0 0.25-1.0 0 0 0 11 8 1 1
Tetracycline 10 0.25-1.0 1.0-2.0 0 0 0 0 1 6 3
Gentamnicin 21 2.0-4.0 0.125-0.25 13 8 0 0 0 0 0
Kanamycin 21 4.0-16.0 1.0-2.0 12 6 3 0 0 0 0
Streptomycin 21 8.0-16.0 1.0-2.0 1 10 10 0 0 0 0
Chloramphenicol 10 4.0-8.0 8.0-16.0 0 0 0 0 2 7 1
Cephalothin 10 2.0-4.0 2.0-4.0 0 0 P 1 8 1 0
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of these reports and the lack of agreement that
we found between disk diffusion and microtube
dilution results for streptomycin, we evaluated
the differences between MICs in TSB and MHA.
MHA was pretested for acceptable performance
with the ATCC control P. aeruginosa strain.
The greatest disparity in the end points was with
the aminoglycosides. MICs were consistently
lower with MHA. Susceptibility interpretation
of zones of inhibition with disk diffusion and
MICs showed closer agreement for streptomycin
when MHA was used in both procedures.
Thornsberry et al. (22) discussed the difficul-

ties of comparing MBCs from different labora-
tories since MBCs are very method dependent.
There have been substantial variations in Lis-
teria MBCs reported by workers in the United
States. Moellering et al. (15) concluded that
penicillin and ampicillin are usually only bacte-
riostatic against L. monocytogenes since the
MBCs for these antibiotics were much higher
than the MICs, and MBC values were often
above levels clinically achievable in blood and
almost invariably above those attainable in ce-
rebrospinal fluid. McCracken et al. (13) reported
MBCs ofc 0.6 ug/ml for 50 strains. These groups
used an initial inoculum of approximately 10l
and defined MBC as complete inhibition of
growth on subculture. Gordon et al. (9) used an
MBC end point of sfive colonies on subculture
and found MBCs of 6.3 ,ig/ml for penicillin and
ampicillin for three strains and 6.3 and 1.6 ug/ml,
respectively, for one strain. They, therefore, pos-
tulated that penicillin and ampicillin were bac-
tericidal for L. monocytogenes. Hoeprich (10)
suggested penicillin as the drug of choice for the
treatment of listeriosis because 0.5 ,ug/ml was
usually bactericidal for Listeria. Our MBC re-
sults agreed with those of Moellering et al. (15);
however, we showed that the percent kill is
greatly influenced by the initial inoculum size.
Had we used an inoculum of 105 and defined
MBC as 99% kill, the MBC end points would
have been different.
Although bacteriostatic antibiotics have been

used with good results for the treatment of lis-
teriosis (3, 4, 20), bactericidal antibiotics have a
potential advantage for patients with impaired
host-defense mechanisms (15) and for neonates,
who, in many respects, are deficient hosts (13).

Several combinations of antibiotics have been
reported to have a synergistic effect on some
strains of Listeria. These include penicillin and
sulfonamides or streptomycin (20); carbenicillin,
penicillin, ampicillin and kanamycin, gentami-
cin, and streptomycin (8, 13, 15).
For several years we have received informa-

tion regarding therapy from physicians who
have submitted Listeria strains isolated from
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neonates. In almost all cases the initial treat-
ment included penicillin or ampicillin with kan-
amycin or gentamicin. We evaluated the in vitro
synergistic effect of ampicillin and gentamicin
and found that this combination gave earlier and
more complete killing than did either agent
al6ne. With 40 of 45 strains tested, the CFU per
milliliter with the combined antibiotics was de-
creased by 22 logio after 24 h, as compared with
killings by either antibiotic alone. Our results
support those (8) which suggest that the broad
antibacterial combination therapy usually given
neonates with bacterial infection even before the
causative organism is identified may contribute
to recovery from listeriosis. However, the rele-
vance of these in vitro observations to the effi-
cacy of treatment of patients will have to be
established in clinical studies.

In summary, a large number of recent clinical
isolates of L. monocytogenes appear to be ho-
mogeneous in their susceptibility to commonly
used antibiotics. Our data show that in vitro
results are greatly influenced by the methodol-
ogy used, i.e., inoculum size, media, and the
definition used for end points.

ACKNOWLEDGMENTS
We are grateful to Clyde Thornsberry, Carolyn N. Baker,

and Linda A. Kirven for providing certain media, antibiotics,
and control strains used in these studies and for their helpful
discussions and comments. We also acknowledge Sandra A.
Larsen for her help in performing some broth microdilution
and disk diffusion tests.

LITERATURE CITED
1. Bauer, A. W., W. M. Kirby, J. C. Sherris, and M.

Turck. 1966. Antibiotic susceptibility testing by a stan-
dardized single disc method. Am. J. Clin. Pathol.
45:493-496.

2. Binder, M. A., C. Diehl, J. Weiss, and H. Ray. 1953.
Listeria meningitis. Ann. Intern. Med. 38:1315-1319.

3. Bojsen-Moller, J. 1972. Human listeriosis: diagnostic,
epidemiological and clinical studies. Acta Pathol. Mi-
crobiol. Scand. Sect. B Suppl. 229:1-157.

4. Buchner, L H., and S. S. Schneierson. 1968. Clinical
and laboratory aspects of Listeria monocytogenes in-
fections. Am. J. Med. 45:904-921.

5. Courtieu, A. L, E. P. Espaze, and H. Drugeon. 1975.
In vitro sensitivity to antibiotics ofsome Listeria strains
isolated in France, p. 45-51. In M. Woodbine (ed.),
Problems of listeriosis. Proceedings of the Sixth Inter-
national Symposium. Leicester University Press,
Leicester, United Kingdom.

6. D'Amato, R. F., C. Thornasberry, C. N. Baker, and L
A. Kirvin. 1975. Effect of calcium and magnesium ions
on the susceptibility of Pseudomonas species to tetra-
cycline, gentamicin, polymyxin B, and carbenicillin.
Antimicrob. Agents Chemother. 7:596-600.

7. Department ofHealth, Education, and Welfare. Food
and Drug Administration. 1972. Fed. Regist.
37:20527-20529.

8. Gordon, R. C., F. F. Barrett, and D. J. Clark. 1972.
Influence of several antibiotics, singly and in combina-
tion, on the growth of Listeria monocytogenes. J. Pe-
diatr. 80:667-670.



860 WIGGINS, ALBRITTON, AND FEELEY

9. Gordon, R. C., F. F. Barrett, and M. D. Yow. 1970.
Ampicillin treatment of listeriosis. J. Pediatr.
77:1067-1070.

10. Hoeprich, P. D. 1958. Infection due to Listeria monocy-
togenes. Medicine (Baltimore) 37:143-160.

11. Hood, M. 1957. Listeriosis. Am. J. Clin. Pathol. 28:18-26.
12. Lavetter, A., J. M. Leedom, A. W. Mathies, Jr., D.

Ivler, and P. F. Wehrle. 1971. Meningitis due to
Listeria monocytogenes. A review of 25 cases. N. Engl.
J. Med. 285:598-603.

13. McCracken, G. H., Jr., J. D. Nelson, and M. L
Thomas. 1973. Discrepancy between carbenicillin and
ampicillin activities against enterococci and Listeria.
Antimicrob. Agents Chemother. 3:343-349.

14. Medoff, G., L. J. Kunz, and A. N. Weinberg. 1971.
Listeriosis in humans: an evaluation. J. Infect. Dis.
123:247-250.

15. Moellering, R. C., Jr., G. Medoff, L. Leech, C. Wen-
nersten, and L J. Kunz. 1972. Antibiotic synergism
against Listeria monocytogenes. Antimicrob. Agents
Chemother. 1:30-34.

16. National Committee for Clinical Laboratory Stan-
dards Subcommittee on Antimicrobial Suscepti-
bility Testing. 1975. Approved standard: ASM-2. Per-
formance standards for antimicrobial disc susceptibility
tests. National Committee for Clinical Laboratory Stan-
dards, Villanova, Pa.

ANTIMICROB. AGENTS CHEMOTHER.

17. Nelson, J. D., S. Shelton, and D. Parks. 1967. Antibiotic
susceptibility of Listeria monocytogenes and treatment
of neonatal listeriosis with ampicillin. Acta Paediatr.
Scand. 56:151-158.

18. Nystrom, K. G., and K. A. Karlsson. 1961. Sensitivity
of Listeria monocytogenes in vitro to different antibiot-
ics and chemotherapeutics. Acta Paediatr. Scand.
50:113-116.

19. Reller, L. B., F. D. Schoenknecht, M. A. Kenny, and
J. C. Sherris. 1974. Antibiotic susceptibility testing of
Pseudomonas aeruginosa: selection of a control strain
and critena for magnesium and calcium content in
media. J. Infect. Dis. 130:454-463.

20. Seeliger, H. P. R. 1961. Listeriosis. Hafner Publishing
Co., Inc., New York.

21. Sepp, A. H., and T. E. Roy. 1963. Listeria monocyto-
genes infections in metropolitan Toronto. Can. Med.
Assoc. J. 88:549-561.

22. Thornsberry, C., C. M. Baker, and R. R. Facklam.
1974. Antibiotic susceptibility of Streptococcus bovis
and other group D streptococci causing endocarditis.
Antimicrob. Agents Chemother. 5:228-233.

23. Washington, J. A. 1974. The agar-dilution technique, p.
54-62. In A. Balows (ed.), Current techniques for anti-
biotic susceptibility testing. Charles C Thomas, Pub-
lisher, Springfield, Ill.


