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The activities of cefotaxime and minocycline against Aeromonas hydrophila were investigated. Cefotaxime (4
times the MIC) plus minocycline (0.75 times the MIC) elicited an inhibitory effect for 48 h in a time-kill study,
and more infected mice treated with both drugs survived (91%) than survived after treatment with cefotaxime
(9%) or minocycline (44%) alone, suggesting that cefotaxime and minocycline act synergistically against
A. hydrophila.

Although not common isolates from the clinical microbiol-
ogy laboratory, Aeromonas species can cause bacteremia (4, 5,
8, 9, 11), spontaneous bacterial peritonitis (11), and invasive
soft-tissue infections (6) in immunocompromised hosts. The
outcome of invasive Aeromonas infection usually is poor. De-
spite the empirical administration of a b-lactam agent active in
vitro with or without an aminoglycoside, 36% of 59 episodes of
Aeromonas bacteremia were associated with fatality in the hos-
pital (9). Cefotaxime, a broad-spectrum cephalosporin, is ac-
tive in vitro against Aeromonas species, but there is a potential
risk of emergence of derepressed mutants during b-lactam
therapy for Aeromonas infections (10, 15). The combination of
cefotaxime and minocycline has been demonstrated to be syn-
ergistic against Vibrio vulnificus in vitro (2) and in experiments
with mice (3). Such a regimen has not been studied for invasive
Aeromonas infections, and thus the in vitro activity of cefo-
taxime and minocycline in combination against Aeromonas hy-
drophila and the therapeutic potential of combination therapy
in murine Aeromonas infections were examined.

Clinical bacteremic strain A136 from a patient with a fire
burn was used. It was susceptible to cefotaxime (MIC by E test:
0.75 mg/ml) and minocycline (MIC by E test: 4 mg/ml), as
previously described (10). Nineteen clinical strains of A. hy-
drophila HG 1 were randomly collected from National Cheng
Kung University Hospital. The susceptibility testing of the iso-
lates was done by the agar dilution method (13). The MICs for
the surviving subpopulation of A136 after 48 h of coculture
with antibiotics were determined by E-test strips (AB Biodisk,
Solna, Sweden). The method of the time-kill study was as
previously described (2). Briefly, the overnight bacterial sus-
pension was diluted to 5 3 105 CFU/ml in 50 ml of fresh
Luria-Bertani (LB) broth. The suspensions containing various
drug concentrations were incubated at 35°C. Bacterial counts

were measured at 2, 4, 8, 12, 24, and 48 h on LB agar. All the
experiments were performed at least twice.

A136 was incubated in Mueller-Hinton broth overnight, and
after 3 h of incubation in sterile broth, the pellet obtained after
centrifugation was diluted to the anticipated turbidity for
mouse experiments. The antibiotic suspensions prepared from
commercial vials of cefotaxime and minocycline were freshly
diluted and were injected into the peritoneums of inbred
BALB/c mice weighing 20 g on average and 5 to 6 weeks old.
Following intraperitoneal injection of A136, mice develop se-
vere peritonitis with fatal sepsis if untreated (7). Therefore,
cefotaxime at 150 mg/kg of body weight every 6 h, minocycline
at 20 mg/kg every 12 h, and both in combination were given 2 h
after the intraperitoneal bacterial inoculation. Antibiotics were
administered for 48 h. In the first 72 h after the initiation of
Aeromonas infection, the number of surviving mice was re-
corded four times daily. There were two control groups. Mice
in one group were infected by A136 without treatment; those
in the other group were not infected and received cefotaxime,
minocycline, or both in combination intraperitoneally. For
comparison of categorical variables, the x2 test or the two-
tailed Fisher exact test was employed and a P value ,0.05 was
considered to be statistically significant.

The MICs of cefotaxime, minocycline, and tetracycline for
20 clinical strains and a control strain, Escherichia coli ATCC
25922, are shown in Table 1. The MICs of cefotaxime (0.5
mg/ml) and minocycline (2 mg/ml) by the agar dilution method
were one dilution variation from or identical to those deter-
mined by E tests (0.75 and 4 mg/ml, respectively). There were
no colonies grown within the zones of inhibition around E-test
strips. However, the MICs for A136 of cefotaxime and mino-
cycline were 16 and 2 mg/ml, respectively, by the broth dilution
method. For the clone obtained from the broth with A136 and
cefotaxime at 0.75 or 3 mg/ml alone or in combination with
minocycline at 3 mg/ml after 48 h of incubation, the MIC of
cefotaxime was .256 mg/ml and the MIC of minocycline was
the same as that for the initial strain (Table 2). The phenotypic
expression of cefotaxime resistance was stable even after re-
peated passage of resistant subpopulations. In contrast, the
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MICs of cefotaxime for the A136 subpopulation after cocul-
ture with 3 mg of minocycline/ml did not increase but the MIC
of minocycline increased fourfold.

In time-kill studies, cefotaxime ranging from 0.37 to 6 mg/ml
exhibited an inhibitory effect for 2 h and thereafter the bacteria
began to regrow (Fig. 1a). In contrast, with minocycline con-
centrations at less than three times of the MIC before 24 h, the
magnitude and duration of the inhibitory effect were propor-
tional to the minocycline concentration, but sustained bacteri-
cidal activity was found until 48 h with a minocycline concen-
tration of 12 mg/ml, three times the MIC (Fig. 1b). Minocycline
at 3 mg/ml combined with cefotaxime at 0.75 mg/ml resulted in
a reduction of viable bacterial colonies by at least 2 orders of
magnitude at 24 h (Fig. 2a), compared with either drug alone,
but regrowth occurred after 24 h. However, a higher cefo-
taxime concentration, 3 mg/ml, combined with minocycline at 3
mg/ml caused a reduction by at least 4 orders of magnitude
compared to either of the two drugs alone (Fig. 2b).

All mice infected with A136 without antibiotic therapy died
within 24 h. Intraperitoneal administration of cefotaxime, mi-
nocycline, or a combination of the two for 48 h did not cause
mortality or a decline in physical activity. With the same intra-
peritoneal inoculum and regular antimicrobial therapy initi-
ated 2 h after bacterial inoculation, mice treated with cefo-
taxime and minocycline were more likely to survive than those
treated with cefotaxime or minocycline alone (Table 3).

Rapid regrowth of A136 occurred even with cefotaxime at a
concentration of eight times the MIC. Cefotaxime-resistant
(MIC, .256 mg/ml) and minocycline-susceptible (MIC, 4 mg/
ml) Aeromonas strains were isolated from the broth containing
A136 and a subinhibitory concentration of cefotaxime alone or
combined with minocycline after 48 h of coculture. These find-
ings suggest that a preexisting resistant subpopulation would

be selected by cefotaxime alone and could be killed in the
presence of cefotaxime and minocycline. Given the rapid re-
growth of A136 in the broth containing 6 mg of cefotaxime/ml
and the discrepancy between the cefotaxime MICs by the broth
dilution method and the agar dilution method, it is likely that
the biomass contacting the antimicrobial agent in broth studies
is larger than that in agar plates and thus the trend of selection
of resistant clones would be more evident in broth studies.
Minocycline has been shown to be capable of inhibition of total
protein and b-lactamase synthesis in b-lactamase-producing
Staphylococcus aureus (1). The in vitro effect of minocycline on
b-lactamase production in gram-negative bacteria was not re-
ported. The hypothesis that the inhibition of b-lactamase pro-
duction by minocycline contributes to the incremental activity
of cefotaxime against Aeromonas remains plausible.

The peak serum cefotaxime concentrations after administra-
tion of 100 and 200 mg/kg to mice were 94 and 180 mg/ml (14),
respectively, which are close to 100- and 200-mg/ml serum
levels in humans after parenteral administration of 1 (15 mg/

FIG. 1. Time-kill curves for A. hydrophila A136, with cefotaxime
(a) ranging from 0.37 to 6 mg/ml (■, control; Œ, 0.37 mg/ml; }, 0.75
mg/ml; &, 1.5 mg/ml; E, 3 mg/ml; ‚, 6 mg/ml) and minocycline (b)
ranging from 0.75 to 12 mg/ml (}, control; ■, 0.75 mg/ml; ‚, 1.5 mg/ml;
Œ, 2 mg/ml; &, 4 mg/ml; {, 6 mg/ml; F, 12 mg/ml).

TABLE 1. MICs of cefotaxime, minocycline, and tetracycline
determined by agar dilution for 20 clinical strains of A. hydrophila

HG 1, including A136, and E. coli ATCC 25922

Antimicrobial
agent

MIC (mg/ml)a for:

A. hydrophila E. coli
ATCC 25922Range 50% 90%

Cefotaxime ,0.03–128 ,0.03 128 0.06
Minocycline 1–4 4 4 1
Tetracycline 1–16 8 16 2

a 50% and 90%, MICs at which 50 and 90% of isolates are inhibited, respec-
tively.

TABLE 2. MICs for A136 surviving subpopulation isolated after
48-h cocultures with antimicrobial agent

Antimicrobial agent (concn [mg/ml])
MIC (mg/ml)a of:

Cefotaxime Minocycline

No antibiotic exposure 0.75 4
Cefotaxime (0.75) .256 4
Cefotaxime (3) .256 4
Minocycline (3) 0.5 16
Cefotaxime (0.75) 1 minocycline (3) .256 4
Cefotaxime (3) 1 minocycline (3) .256 4

a MICs were determined by E test.
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kg) and 2 g (30 mg/kg), respectively, of cefotaxime (12). Ac-
cording to the relevant pharmacokinetics data in mice, the
dosage of cefotaxime (150 mg/kg) in our study could achieve
the same serum drug levels in mice as the recommended dos-
age (30 mg/kg) for children did. The pharmacokinetics infor-
mation for minocycline in mice was very limited in that the
dosage of minocycline, 20 mg/kg, that we used in the present
experiment with mice was five times the usual dosage for chil-
dren (4 mg/kg), as was the selected cefotaxime dosage.

The mouse model of Aeromonas peritonitis has been clearly
demonstrated to cause invasive infections in mice (7), mimick-
ing Aeromonas bacteremia in humans as our control mice with
bacterial inoculation alone died within 24 h. With this murine
model of Aeromonas infection, the therapeutic superiority of
the combination regimen was found. Therefore, such a com-
bination regimen can be the empirical treatment for suspected
Vibrio or Aeromonas necrotizing fasciitis in cases with severe
soft-tissue infections following exposure to contaminated water
or marine creatures.
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FIG. 2. Time-kill curves for A. hydrophila A136 with cefotaxime
(CTX) and minocycline (MIN). (a) }, control; ■, CTX at 0.75 mg/ml;
Œ, MIN at 2 mg/ml; ✕, MIN at 3 mg/ml; E, CTX at 0.75 mg/ml plus
MIN at 2 mg/ml; ‚, CTX at 0.75 mg/ml plus MIN at 3 mg/ml. (b) ‚,
control; ■, CTX at 3 mg/ml; }, MIN at 3 mg/ml; E, CTX at 3 mg/ml
plus MIN at 3 mg/ml.

TABLE 3. Numbers of surviving mice observed at 5 days in four
groups with or without 48 h of antimicrobial therapya

Bacterial
inoculum (CFU);

no. of mice

No. of mice (%)b surviving at 5 days after
treatment withc:

CTX,
150 mg/kg,

i.p. q6h

MIN,
20 mg/kg,
i.p. q12h

CTX, 150 mg/kg,
i.p. q6h 1 MIN,

20 mg/kg,
i.p. q12h

Control

3.8 3 107; 10 0 6 10 0
3.9 3 107; 10 1 3 9 0
4.5 3 107; 12 2 5 10 0

Total 3 (9.4) 14 (43.8) 29 (90.6) 0 (0)

a Mice were infected by intraperitoneal (i.p.) injection of A. hydrophila A136.
b For treatment with cefotaxime (CTX) versus treatment with minocycline

(MIN), P 5 0.001; for treatment with MIN versus treatment with CTX plus MIN,
P , 0.0001; for treatment with CTX versus treatment with CTX plus MIN, P ,
0.00001.

c q6h, every 6h; q12h, every 12 h.
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