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Background and Purpose: Vibrio vulnificus causes primary bacteremia and necrotizing wound infection, leading
to high morbidity and mortality in humans. This study aimed to evaluate the antimicrobial effect of cefotaxime and
minocycline on proinflammatory cytokine levels in a murine model of V. vulnificus infection.
Methods: We investigated the dynamics of proinflammatory cytokines and their modulation by antimicrobial agents
using a murine model of V. vulnificus infection. The change in cytokine levels was followed over a time course to
identify the antimicrobial activity of the drugs against V. vulnificus. BALB/c female mice were challenged with an
intraperitoneal infection using a clinical invasive isolate of Vv05191, and their cytokine levels were assayed over
various time points.
Results: Serum levels of tumor necrosis factor-alpha, interleukin (IL)-1 beta, and IL-6 post-infection were found to
be inoculum dose-dependent and positively correlated to the subsequent fatality rate in the infected mice. With an
inoculum of 6.6 × 106 colony-forming units and intraperitoneal administration of cefotaxime, minocycline, or both,
the serum and peritoneal fluid cytokine levels increased and then declined gradually. Comparison of the 3
antimicrobial regimens revealed that the magnitude of reduction in cytokine levels was greatest in mice treated
with cefotaxime-minocycline combination. Moreover, the peritoneal fluid cytokine level in the combination group
was significantly lower than that in the groups treated with minocycline or cefotaxime alone.
Conclusions: The current results support the superiority of the combination therapy in treating invasive V. vulnificus
infections.
Key words: Antibacterial agents; Cytokines; Drug therapy, combination; Vibrio vulnificus

Introduction
Vibrio vulnificus, an estuarine- and seawater-derived [1,
2] Gram-negative halophilic bacterium, causes primary
sepsis, wound infection, and gastrointestinal illness in
humans [1,3,4]. Clinically, V. vulnificus infection leads
to fulminant sepsis, especially in cirrhotic patients, with
a mortality rate of 55%. Necrotizing fasciitis, usually
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resulting from wound infections, can lead to substantial
morbidity and mortality [4]. Therefore, successful
management of fulminant V. vulnificus infections
requires highly active antimicrobial agents.
More than two decades ago, Morris and Tenney [5]
and Morris and Black [6] had stressed the superiority
of tetracycline over cefotaxime in the treatment of
V. vulnificus infections. Jawetz and Gunnison noted
that bacteriostatic antibiotics may antagonize the actions
of bactericidal drugs [7]. However, we recently showed
that combination therapy using cefotaxime and minocycline is more effective in the treatment of severe
123
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experimental V. vulnificus infections than monotherapy
with either monocycline or cefotaxime alone, both in
vitro and in animal studies [8,9].
It is well known that an excess of proinflammatory
cytokines induced by Gram-negative bacteria is
associated with the clinical manifestations of septic
shock and increased mortality [10]. Tetracycline and
its derivatives, such as minocycline, a bacteriostatic
antibiotic, were noted to have not only antibacterial
effects but also immunomodulatory effects [11-13].
Similarly, cefotaxime, a bactericidal antibiotic, is also
a potent immunodepressing antibiotic [14,15]. There is
very limited information about the antimicrobial or
immunomodulatory effects of the different antibiotics
on cytokine production in both patients and in animal
models of V. vulnificus infection. Only doxycycline has
been reported to decrease serum levels of tumor necrosis
factor-alpha (TNF-α) and interleukin (IL)-1 beta
(IL-1β) in patients with V. vulnificus septicemia [16].
It is also unknown whether improved outcome of the
combination of cefotaxime-minocycline over minocycline or cefotaxime alone in the treatment of V.
vulnificus infection is related to the downregulation of
cytokine levels. Therefore, we investigated the antimicrobial effects of cefotaxime and minocycline on the
profiles of serum and peritoneal fluid proinflammatory
cytokines using a murine model of intraperitoneal V.
vulnificus infection.

Methods
Reagents
Lipopolysaccharide (LPS, Escherichia coli strain 055:
85) was purchased from Sigma (St. Louis, MO, USA)
and dissolved in 0.85% saline at 1 mg/mL concentration.
Commercially available cefotaxime (Hoechst AG,
Frankfurt, Germany) and minocycline (Lederle
Parenterals, Inc., Carolina, USA) were used for the in
vitro and murine experiments.

Bacterial preparation
The clinical isolate of encapsulated V. vulnificus,
Chi-Mei Vv05191, obtained from Chi-Mei Medical
Center was used for the study. The organism was stored
at 70°C in Luria-Bertani broth (Difco Laboratories,
Detroit, MI, USA) before being cultured on nutrient agar
(Difco Laboratories) with 3% sodium chloride. Bacteria
grown in the agar medium were maintained at room
temperature, from which the inoculation suspension was
prepared in Mueller-Hinton broth (Difco Laboratories).
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The bacterial inocula were prepared as follows.
The frozen stock was thawed at room temperature and
grown on agar. Single colony was chosen and cultured
overnight in freshly prepared Mueller-Hinton broth at
35°C. Then, 400 µL of the bacterial suspension was
diluted 1:50 in Mueller-Hinton broth and incubated
under the same conditions for 4 h. Bacteria were
collected by centrifugation at 10,000 rpm for 10 min at
24°C. Pellets were resuspended and diluted to a final
bacterial concentration of 1 × 107 colony-forming units
(CFU)/mL (optical density, 0.22-0.25) before injection
into mice. The inoculum concentration was confirmed
by the subsequent growth of the concurrent culture on
agar plates.

Mice
Inbred BALB/c female mice (4-5 weeks old), weighing
20 g, were purchased from the Animal Center, National
Science Council, Taipei, Taiwan. They were allowed
to acclimatize for 5 to 7 days in the animal research
laboratory of Chi-Mei Medical Center. Food and water
were supplied ad libitum.

Preparation of antimicrobial agents
Antibiotic dosages were given in accordance with the
values recommended by the manufacturers: 300 mg/kg
of cefotaxime at 2, 5, and 8 h, 4 mg/kg of minocycline
at 2 h after inoculation with Vv05191. They were tested
alone and in combination. Antibiotics were dissolved
in sterile Milli-Q deionized water, filtered, sterilized,
and administered at 0.1 mL dosage per injection starting
at 2 h after the intraperitoneal bacterial inoculation.

Preliminary study
Preliminary studies were conducted to determine the
optimal inoculum dosage and appropriate timing for
the sampling and quantification of serum cytokines.
The Vv05191 dosages tested were 105, 106, and 107 CFU
for 6 mice per group. Blood samples were obtained by
incising the left axillary artery of mice at 0, 3, 6, and 9 h
post-infection. Subsequent studies were performed
using 106 CFU Vv05191 for intraperitoneal inoculation,
and peritoneal fluid and serum cytokine levels were
measured at 3, 6, and 9 h post-infection.

Effect of antibiotics on cytokine production
from the murine macrophage cell line RAW264.7
In vitro studies were performed to differentiate between
the effects of lowered cytokine levels due to antimicrobial activity or immunomodulatory mechanisms.
© 2007 Journal of Microbiology, Immunology and Infection

Chiang et al

RAW264.7 cells were obtained from the American
Type Culture Collection and maintained in Dulbecco’s
Modified Eagle’s Medium (Biosource, Rockville, MD,
USA) with 10% heat-inactivated fetal bovine serum
(Hyclone Laboratories, Logan, UT, USA) at 5% carbon
dioxide. The RAW264.7 cells were washed twice
with phosphate-buffered saline and harvested by
scraping. After a 24-h incubation period in 5% carbon
dioxide, the cells were plated in 24-well plates at a
density of 1 × 106 cells/mL per well and exposed to
heat-treated Vv05191 at 1 × 108 CFU/mL or LPS at
1 µg/mL. Cultures were treated with minocycline
(1 µg/mL), cefotaxime (40 µg/mL), or both. The drug
concentrations used were standard drug dosages that
were previously shown to achieve peak human plasma
levels after intravenous administration [17]. The cytokine levels in cultures that received no antibiotics
and Vv05191 treatment were used as controls. After
a 24-h incubation period, the cell-free supernatants
were collected by centrifugation at 3500 rpm, and their
TNF-α and IL-6 concentrations were measured at 6, 12,
and 24 h after application of antibiotics and Vv05191
inoculation.

Murine model with V. vulnificus infection
BALB/c mice were divided into 7 groups of 10 mice
each. Four control groups were used. Mice in the
negative control group were injected with normal saline,
cefotaxime, or minocycline instead of the V. vulnificus
bacterial suspension. Mice in the positive control group
were treated with 0.85% saline after Vv05191 infection.
There were 3 antibiotic treatment groups — receiving
cefotaxime or minocycline alone, or both. Saline or antibiotic treatments were administered via intraperitoneal
injection 2 h after Vv05191 inoculation. Mice were sacrificed by overdose of pentobarbital before the harvesting
of samples. All animal experiments were conducted
in compliance with the relevant national guidelines of
the Republic of China and approved by the Chi-Mei
Foundation Medical Center Animal Use Policy.

Serum and peritoneal fluid levels of TNF-α,
IL-1β, and IL-6
After the antibiotic therapy, mice were sacrificed at
3, 6, and 9 h after the intraperitoneal inoculation of
Vv05191. Blood samples were obtained by incising
the left axillary artery of mice. Samples were kept overnight at 4°C to allow clotting. In the 3 negative control
groups, blood samples were collected at 1, 4, and 7 h
after the intraperitoneal injection of saline, cefotaxime,
© 2007 Journal of Microbiology, Immunology and Infection

or minocycline. The blood specimens were collected,
centrifuged at 3000 rpm for 20 min at room temperature,
and the resulting sera were stored at –80°C.
To obtain peritoneal fluid samples, 3 mL of 0.85%
saline was injected into the peritoneal cavity of mice
using a 3-mL Terumo syringe (Terumo, Tokyo, Japan)
and gently massaged for 1 min. About 3 mL of peritoneal
fluid was then harvested, centrifuged at 3000 rpm for
20 min at 4°C, and the supernatant was stored at –80°C.

Measurement of cytokine concentrations
To determine the concentrations of TNF-α, IL-1β, and
IL-6, commercially available enzyme-linked immunosorbent assay kits (R & D Systems, Minneapolis, MN,
USA) were used in accordance with the manufacturer’s
instructions. The quantification of cytokine level was
based on a standard curve derived by linear dilution of
the cytokine standards that were included in the kit.
Assays were performed in duplicate.

Statistical analysis
Data were processed and analyzed using Statistical
Package for the Social Sciences (SPSS) for Windows
(Version 10.0.7; SPSS Inc., Chicago, IL, USA). The
Mann-Whitney U test was performed to test the difference in cytokine levels between the groups treated
with antibiotics and the control group for every time
point. Kruskal-Wallis H test was performed to test the
difference in cytokine levels among the groups at 3 h;
an alpha level of 0.05 was regarded as statistically significant. If significant difference was detected, post hoc
multiple comparisons were then performed using the
Dunn test for paired comparison. The Bonferroni rule
for the correction of α level was also used; p<0.0083
was considered significant.

Results
Mortality and proinflammatory cytokine levels
Cytokine levels were undetectable in the serum of mice
treated with intraperitoneal administration of saline,
cefotaxime, or minocycline alone at all the time points
studied after the intraperitoneal injection (data not
shown).
All the mice survived for at least 9 h when treated
with low concentrations of viable Vv05191 (1.2 × 105
CFU). Serum TNF-α, IL-1β, and IL-6 peaked at 3 h
after infection, but rapidly declined thereafter. At 6 h
post-infection, the 3 proinflammatory cytokine levels
dropped to less than half of that observed at 3 h, while
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Table 1. Mortality and serum proinflammatory cytokine levels of mice infected with Vv05191
Inoculum
(CFU)

1.2 × 105

2.6 × 106

1.8 × 107

Time after
inoculation (h)

0
3
6
9
0
3
6
9
0
3
6

No. of mice
surviving

6
6
6
6
6
6
6
6
6
6
0

Mortality
(%)

0
0
0
0
0
0
0
6/6 (100)

Serum cytokine levels in surviving mice
(pg/mL) [mean ± SD]
TNF-α

IL-1β

IL-6

x
84.5 ± 18.7
41.4 ± 7.6
4.2 ± 1.3
x
654.2 ± 102.5
974.3 ± 186.8
1874.2 ± 345.2
x
2481.1 ± 311.3
-

x
174.3 ± 42.3
64.36 ± 16.9
12.1 ± 4.2
x
330.6 ± 54.8
4328.5 ± 687.4
10,418 ± 1245.3
x
3619.3 ± 966.4
-

x
2014.7 ± 344.2
663.4 ± 102.1
134.5 ± 14.2
x
5796.3 ± 1342.1
11,223 ± 2676.5
20,476 ± 3450.3
x
33,754 ± 4453
-

Abbreviations: CFU = colony-forming units; SD = standard deviation; TNF-α = tumor necrosis factor-alpha; IL-1β = interleukin-1 beta;
IL-6 = interleukin-6; x = undetectable serum cytokine level

the concentration of cytokine was the lowest at 9 h
(Table 1).
When the inoculum was increased to 2.6 × 106 CFU
all the 3 proinflammatory cytokines in the serum gradually
increased over 9 h after Vv05191 infection (Table 1). The
change in serum IL-1β level was the greatest — its level
at 9 h was 31-fold that observed at 3 h.
All 6 mice died within 6 h when the inoculum of
Vv05191 was increased from 2.6 × 106 CFU to a dose
of 1.8 × 107 CFU; thus, serum cytokine levels were only
measured at 3 h, accounting for a 4-fold increase in
serum TNF-α, an 11-fold increase in IL-1β, and a 6fold increase in IL-6 levels. At this time point, serum
TNF-α, IL-1β, and IL-6 levels were positively correlated
with the inoculum dose and with the mortality rate of
the infected mice at 9 h (0% at 1.2 × 105 CFU and 100%
at 1.8 ×107 CFU) [Table 1].
We concluded that an inoculum size of 106 was optimal for the subsequent experiments aimed to evaluate
the effects of various antibiotic regimens in modulating
the serum and peritoneal fluid cytokine levels.

Effect of antimicrobial agents on cytokine
production from stimulated RAW264.7
To differentiate between the effects of immunomodulation and antimicrobial activity in the downregulation of cytokines, we conducted in vitro studies
to determine whether cefotaxime and minocycline,
alone and in combination, can depress cytokine levels.
The TNF-α and IL-6 concentrations were assayed after
antibiotic or LPS treatment in the control, minocyclinetreated, cefotaxime-treated, and minocycline-cefotaximetreated groups.
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The trends of cytokine expression in vitro were
similar in Vv05191 and LPS treatment groups, where
the TNF-α and IL-6 levels increased dramatically at
6 h after 1 µg/mL LPS and Vv05191 treatment, with
the concentrations of TNF-α peaking at 6 h and IL-6 at
24 h. The 6-h TNF-α levels were 19,425, 18,033,
19,800, and 18,700 pg/mL and the 24-h IL-6 levels were
3218, 2584, 2910, and 2560 pg/mL in no antibiotic,
minocycline, cefotaxime and minocycline-cefotaxime
combination treatment, respectively. Also, no significant downregulation of cytokines was observed when
RAW264.7 was used with the different antibiotic
regimens when co-cultivated with heat-treated Vv05191
or LPS (Table 2) in the time-course study. This indicates
that there was no immunomodulation effect on cytokine
levels by any of the antibiotic regimens.

Modulation of serum proinflammatory cytokine
levels
To study the effect of antimicrobial therapy on the
cytokine profiles, the infectious dose of Vv05191 was
kept at 6.6 × 106 CFU for the following experiments.
All infected mice that were on antimicrobial therapy
survived at least 9 h post-Vv05191 inoculation. Without
antimicrobial therapy, serum TNF-α, IL-1β, and IL-6
levels gradually increased, except for the TNF-α
concentrations at 6 h which showed a slight decline
from 3 h (Fig. 1a, 1b, and 1c). With antibiotic therapy,
irrespective of the therapeutic regimen used, the levels
of all 3 cytokines decreased dramatically until 9 h.
Mean serum levels of TNF-α, IL-1β, and IL-6 at 9 h
after Vv05191 infection without therapy were 2744,
17,880, and 26,200 pg/mL, respectively. For the
© 2007 Journal of Microbiology, Immunology and Infection

Chiang et al

Table 2. Effect of antimicrobial agents on time course of cytokine production from stimulated RAW264.7
Cytokine
concentration

1 µg/mL LPS

Vv05191

Treatment

Control

6h

12 h

24 h

6h

12 h

24 h

6h

12 h

24 h

19,425
± 984
18,033
± 208
19,800
± 436
18,700
± 436

19,067
± 289
18,033
± 666
17,467
± 252
17,500
± 458

15,700
± 406
14,000
± 100
14,833
± 416
13,567
± 252

17,800
± 762
18,900
± 917
18,367
± 81
17,867
± 1361

17,600
± 1552
17,167
± 907
18,567
± 808
17,067
± 351

12,833
± 153
13,067
± 231
14,067
± 586
13,733
± 115

1239
± 127
1212
± 102
1293
± 110
1345
± 94

1829
± 106
1829
± 117
1773
± 121
1773
± 30

1729
+ 101
1703
+ 86
1717
+ 92
1677
+ 102

734
± 115
656
± 89
682
± 57
638
± 15

2837
± 309
2510
± 89
2648
± 154
2625
± 223

3218
± 135
2584
± 233
2910
± 279
2560
± 305

1090
± 107
1088
± 37
951
± 20
1009
± 68

3304
± 300
3379
± 340
3414
± 176
3192
± 138

4157
± 378
3705
± 157
4081
± 404
3923
± 160

0a

0

0

0

0

0

0

0

0

0

0

0

TNF-α (pg/mL)
No antibiotic
MIN (1 µg/mL)
CTX (40 µg/mL)
MIN + CTX
IL-6 (pg/mL)
No antibiotic
MIN (1 µg/mL)
CTX (40 µg/mL)
MIN + CTX

Abbreviations: LPS = lipopolysaccharide; TNF-α = tumor necrosis factor-alpha; MIN = minocycline; CTX = cefotaxime; IL-6 = interleukin-6
aIndicates without testing.

cefotaxime-minocycline combination therapy, however,
the levels of TNF-α, IL-1β, and IL-6 decreased to 1.57,
4.11, and 114.68 pg/mL, respectively at 9 h. Such a
change accounts for a 1748-fold reduction in serum
TNF-α, 4350-fold in IL-1β, and 228-fold in IL-6 after
the combined regimen, and a 398-fold reduction in TNFα, 4009-fold in IL-1β, and 120-fold in IL-6 after
minocycline treatment; however, only a 30-fold
reduction in TNF-α, 41-fold in IL-1β, and 79-fold in
IL-6 occurred after cefotaxime treatment.
There was no difference in the experimental
outcomes among the 3 antimicrobial regimens. The
trends of changes in the serum cytokine levels were
similar between the cefotaxine-minocycline combined
regimen and the minocycline regimen, but different
with the cefotaxime regimen. The downregulation
of cytokines in both the combined and minocycline
regimens were significantly different from the positive
control group at every given time point (p<0.0083, Dunn
test). The downregulation of TNF-α, IL-1β, and IL-6
was the lowest in the cefotaxime treatment group, in
which the cytokine levels were not significantly different
from those in the positive control group at any time point.
Furthermore, at 3 h post-infection, this group did not
show downregulation of cytokine levels; however, the
TNF-α and IL-1β cytokine levels were slightly higher
than those of mice receiving no therapy (control group),
© 2007 Journal of Microbiology, Immunology and Infection

although the difference was not statistically significant
(p>0.0083, Dunn test).
The combined regimen and minocycline treatment
showed nearly the same effect of downregulation of
the cytokine levels. The combined regimens was more
efficient in lowering cytokine levels than minocycline
treatment; however, there was no significant difference
in cytokine levels between the 2 groups at any time point
(p>0.0083, Dunn test).

Modulation of the peritoneal fluid
proinflammatory cytokine levels
The recovered peritoneal fluid was assayed for cytokine
concentrations. Without antimicrobial therapy, the
peritoneal fluid TNF-α, IL-1β, and IL-6 levels gradually
increased following a similar pattern to that observed
in the serum. With antimicrobial therapy, irrespective of
the therapeutic regimen used, cytokine levels decreased
gradually until 9 h (Fig. 2a, 2b, and 2c). The average levels
of TNF-α, IL-1β, and IL-6 in the untreated mice at 9 h
after Vv05191 infection were 1336.3, 13,820.0, and
22,540.0 pg/mL, respectively. In contrast, 9 h after
cefotaxime-minocycline combination therapy, peritoneal
fluid levels of TNF-α, IL-1β, and IL-6 decreased to 3.9,
149.3, and 143.4 pg/mL, respectively. Similarly, after
minocycline treatment, the levels decreased to 42.7, 490.3,
and 2570.8 pg/mL, respectively. Such changes correspond
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Minocycline + cefotaxime
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*
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*
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B
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*
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600
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*

*
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0
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C
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Minocycline + cefotaxime
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*
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*
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*

0
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*
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Fig. 1. Serum tumor necrosis factor-alpha (TNF-α) [A], interleukin-1 beta (IL-1β) [B], and IL-6 (C) levels in mice treated with 3
antimicrobial regimens and normal saline (control group) after intraperitoneal inoculation of 6.6 × 106 colony-forming units of
Vv05191. Bars represent standard deviation. [*] indicates serum cytokine levels in mice treated with antibiotics that are significantly
lower than those in the control group (p<0.0083).
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Minocycline + cefotaxime
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0
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Fig. 2. Peritoneal fluid tumor necrosis factor-alpha (TNF-α) [A], interleukin-1 beta (IL-1β) [B], and IL-6 (C) levels in mice treated with
3 antimicrobial regimens and normal saline (control group) after intraperitoneal inoculation of 6.6 × 106 colony-forming units of
Vv05191. Bars represent standard deviation. [*] indicates cytokine levels in mice treated with antibiotics that are significantly lower
than those in the control group (p<0.0083). [†] and [‡] indicate cytokine levels in mice treated with combined antibiotics that are
significantly lower than those in minocycline and cefotaxime treatment groups, respectively (p<0.0083).
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to a 342-fold reduction in serum TNF-α, 93-fold in IL-1β,
and 157-fold in IL-6 after the combined regimen, but
only a 31-fold reduction in serum TNF-α, 28-fold in
IL-1β, and 8.7-fold in IL-6 in the minocycline group.
The trends of changes in the intraperitoneal cytokine
levels were similar in the 3 regimen groups. However,
the modifications in cytokine responses varied greatly.
The downregulation of TNF-α, IL-1β, and IL-6 released
into the peritoneal fluid was greatest in the cefotaximeminocycline treatment group, and smallest in the cefotaxime group (Fig. 2). Further, cytokine levels were only
significantly lowered in the cefotaxime-minocycline
group when compared to the positive control group
(p<0.0083, Dunn test) at all time points; moreover, their
levels were also significantly lower than those in mice
treated with minocycline or cefotaxime (p<0.0083, Dunn
test) alone, except the IL-1β level at 6 h after inoculation
in the minocycline-treated mice (p=0.071, Dunn test).
There is a difference in the efficiency of downregulation
of cytokine levels in the peritoneal fluid between the
combination therapy and minocycline regimens. Also,
at 3 h, the TNF-α peritoneal fluid cytokine levels in the
minocycline-treated mice were higher than those in mice
receiving no antibiotic treatment, although the difference
was not significant (p>0.0083, Dunn test).
The modulatory effects of cefotaxime on peritoneal
fluid cytokines were similar to the serum study where
at 3 h the TNF-α levels were higher than those in the
control group.

Discussion
Evidence from animal studies and clinical investigations
has demonstrated that deregulation of the immune
system and overproduction of circulating proinflammatory cytokines lead to sepsis syndrome, septic shock,
and multiple organ failure [18,19]. In animal studies
using large doses of bacteria or endotoxin, high titers
of proinflammatory cytokines, especially TNF-α, are
observed and correspond to a poor prognosis [20,21].
Such immunopathological alterations were also found
in early clinical studies involving children with meningococcemia, where the high levels of circulating TNF-α
were correlated with increased fatality [22,23]. It is
not surprising that V. vulnificus infections in humans,
characterized by primary bacteremia or severe necrotizing soft tissue infections can result in similar overexpression of immune changes.
Shin and co-workers [16] reported that the levels
of the proinflammatory cytokines TNF-α, IL-1β, and
130

IL-6 increased in the sera of patients with V. vulnificus
septicemia. Correspondingly, our animal studies using
BALB/c female mice also showed elevated levels of
TNF-α, IL-1β, and IL-6 in the serum and the peritoneal
fluid after infection by a clinical isolate of V. vulnificus
3 h after the experimental initiation of the infection.
Furthermore, an inoculum dose-dependent response of
serum TNF-α and IL-1β was observed; this was
positively correlated with the fatality rate in the mice.
As the bacterial inoculum increases from 1.2 × 105 to
1.8 × 107 CFU, the fatality rate due to Vv05191 infection
also increases from 0 to 100% within 9 h. These data
support the concept that proinflammatory cytokines play
a critical role in the pathogenesis of V. vulnificus-induced
septicemia.
Our studies showed that in mice with V. vulnificus
infections, the secretion of proinflammatory cytokines
into the serum is dramatically downregulated with
all the antimicrobial therapies examined. However,
evidence exists to indicate that different classes of
antibiotics may differentially modulate the endotoxin
release from Gram-negative bacteria and subsequent
cytokine response [15,24]. Although minocycline, a
tetracycline analog, can stimulate IL-1β, TNF-α and
IL-6 production from LPS-stimulated human monocytes [11,12], tetracycline has been found to be able to
reduce LPS induction of TNF-α release in mice [25].
We demonstrated that in mice with experimental V.
vulnificus infections, minocycline efficiently decreases
the circulating levels of proinflammatory cytokines,
which is beneficial for the infected mice.
Previous in vitro studies have shown that cefotaxime
exerts a positive effect in regulating human monocytes
[26], and incubation of Gram-negative organisms with
β-lactam antibiotics, especially penicillin-binding
protein (PBP)-3-specific agents such as ceftazidime
or cefotaxime, leads to filament formation and subsequent release of proinflammatory cytokines and large
amounts of endotoxin [24,27,28]. In patients with severe
melioidosis, treatment with a PBP-3-specific antibiotic
was associated with greater systemic endotoxin release
than treatment with a PBP-2-specific antibiotic [29].
However, this cytokine-stimulating property of cefotaxime is not permanent since our studies showed that
when compared with mice receiving antimicrobial
therapy, the level of serum cytokine was higher in
cefotaxime-treated mice only at 3 h post-Vv05191 infection. Cefotaxime inhibited the secretion of cytokines at
6 and 9 h; this is probably responsible for its maximal
antibacterial activity after 3 h, which is in agreement
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with an earlier study. Evans and Pollack found that
the maximal killing of E. coli was evident at 4 h, and
the endotoxin release reached a plateau as early as 1 h
after exposure to a high concentration of ceftazidime
(256 µg/mL) [30]. These apparently contradictory
data on the in vitro and in vivo effects of minocycline
and cefotaxime on cytokine production point to the
complexity of the interaction between antimicrobial
agents, bacteria, and host immune cells.
Both the antibiotics used in this study — cefotaxime
and minocycline — have previously been reported to
be immunomodulatory antibiotics [11,15,26]. This
leads to the question of whether the lowered levels
of cytokine observed in our murine model of Vv05191
infection was due to an immunomodulatory effect or
antimicrobial activity. In order to differentiate between
the downregulation of cytokines due to the reduced
loading of active microorganism and the immunodulating effect, we conducted an in vitro study using
heat-inactivated Vv05191. The results showed the
absence of immunomodulatory effects of both cefotaxime and minocycline and allowed us to conclude
that the decreased cytokine levels in this experiment was
due to the antimicrobial activity via the lowering of the
bacterial biomass.
The serum cytokine levels in cefotaximeminocycline-treated and minocycline-treated groups
were not significantly different, both showing the same
decreasing trend over time. However, there was a
significant difference in the cytokine levels between
these groups and the cefotaxime treatment group.
As compared with the control (non-treated) mice, only
mice treated with the cefotaxime-minocycline combined
regimen showed significantly lower cytokine levels in
the peritoneal fluid.
Consistent with previous reports, serum and
peritoneal fluid cytokine concentrations did not correlate with each other [31,32], with the peritoneal
fluid cytokine concentrations being 50- to 100-fold
higher than serum concentrations [33]. Prins et al
reported that the variation in cytokine levels was due
to differences in the amounts of biologically active
endotoxin present after each antibiotic treatment [28].
We propose that the different magnitudes of cytokines
in the serum and peritoneal fluid observed with the
cefotaxime-minocycline and minocycline regimens
reflect the different amounts of endotoxin biomass
that interacted with the antibiotics. There was a larger
bacterial biomass in the peritoneal cavity than in the
serum after local intraperitoneal Vv05191 inoculation;
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also, bacteria may translocate from damaged intestinal
barrier into the peritoneal cavity due to high cytokine
levels [34]. Furthermore, the elevated intraperitoneal
cytokines may spillover to produce extremely high levels
of cytokines in the systemic circulation [35] where the
amount of bacteria may be lower.
The elimination of excessive amounts of intraperitoneal cytokines playing a beneficial role is supported by an association with decreased mortality of
patients with peritonitis [35]. Holzheimer et al confirmed that local estimates of cytokine levels may
better reflect the severity of an initially local process
(e.g., peritonitis) [36]. Therefore, the superiority of the
minocycline-cefotaxime combined regimen over minocycline or cefotaxime alone in our previous murine
experiment [9] may be due to the greater downregulation
of intraperitoneal cytokines.
Our previous in vitro and in vivo experimental
results show that the use of cefotaxime in combination
with minocycline has a better therapeutic efficacy in the
treatment of V. vulnificus infections than either drug
used alone [8,9]. The present study demonstrated that
the combined regimen has a higher efficiency in the
reduction of proinflammatory cytokines in Vv05191
infection, especially in intra-abdominal infection. The
superior effect of the combined regimen in the treatment
of V. vulnificus infection is, at least in part, attributable
to the difference in magnitude of its capacity to modulate
the levels of proinflammatory cytokines in the serum
and peritoneal fluid. Also, to our knowledge, this is the
first study to show a synergy in the downregulation of
cytokine concentrations with the combination of a
bactericidal and a bacterostatic antibiotic, an effect that
is most prominent in large loads of local bacterial
infection, such as in peritonitis or necrotizing fasciitis.
In conclusion, the serum and peritoneal fluid
levels of proinflammatory cytokines were found to be
upregulated at 3 h after intraperitoneal inoculation of
Vv05191 in the murine model, and the increase was
inoculum dose-dependent and positively correlated
to the subsequent fatality rate. The levels of proinflammatory cytokines in the serum and the peritoneal fluid
declined dramatically with all the antimicrobial therapies
tested, irrespective of the therapeutic regimen. However,
the magnitude of the reduction in cytokine concentrations, especially peritoneal fluid cytokines, was highest
in mice treated with a combination of cefotaxime and
minocycline, which acted synergistically. These data
support the superiority of the use of combination therapy
when treating invasive V. vulnificus infections.
131

Cefotaxime-minocycline in V. vulnificus infection

Acknowledgments
We thank Anthony W. Chow, M.D., for his critical
review of this article. This work was supported by grants
CMFHR 9197 and CMFHR 9233 from Chi-Mei Medical
Center, Tainan, Taiwan.

References
1. Chuang YC, Young CD, Chen CW. Vibrio vulnificus infection.
Scand J Infect Dis. 1989;21:721-6.
2. Hlady WG, Klontz KC. The epidemiology of Vibrio infections
in Florida, 1981-1993. J Infect Dis. 1996;173:1176-83.
3. Bonner JR, Coker AS, Berryman CR, Pollock HM. Spectrum
of Vibrio infections in a Gulf Coast community. Ann Intern
Med. 1983;99:464-9.
4. Chuang YC, Yuan CY, Liu CY, Lan CK, Huang AH. Vibrio
vulnificus infection in Taiwan: report of 28 cases and review of
clinical manifestations and treatment. Clin Infect Dis. 1992;
15:271-6.
5. Morris JG Jr, Tenney J. Antibiotic therapy for Vibrio vulnificus
infection. JAMA. 1985;253:1121-2.
6. Morris JG Jr, Black RE. Cholera and other vibrioses in the
United States. N Engl J Med. 1985;312:343-50.
7. Jawetz E, Gunnison JB. An experimental basis of combined
antibiotic action. J Am Med Assoc. 1952;150:693-5.
8. Chuang YC, Liu JW, Ko WC, Lin KY, Wu JJ, Huang KY. In
vitro synergism between cefotaxime and minocycline against
Vibrio vulnificus. Antimicrob Agents Chemother. 1997;41:
2214-7.
9. Chuang YC, Ko WC, Wang ST, Liu JW, Kuo CF, Wu JJ, et al.
Minocycline and cefotaxime in the treatment of experimental
murine Vibrio vulnificus infection. Antimicrob Agents
Chemother. 1998;42:1319-22.
10. Oberholzer A, Oberholzer C, Moldawer LL. Sepsis syndromes:
understanding the role of innate and acquired immunity. Shock.
2001;16:83-96.
11. Ingham E. Modulation of the proliferative response of murine
thymocytes stimulated by IL-1, and enhancement of IL-1 beta
secretion from mononuclear phagocytes by tetracyclines.
J Antimicrob Chemother. 1990;26:61-70.
12. Koppenbrug M, Brinkman BM, de Rooij-Dijk HH, Miltenburg
AM, Daha MR, Breedveld FC, et al. The tetracycline derivative
minocycline differentially affects cytokine production by
monocytes and T lymphocytes. Antimicrob Agents Chemother.
1996;40:934-40.
13. Thong YH, Ferrante A. Effect of tetracycline treatment on
immunological responses in mice. Clin Exp Immunol. 1980;
39:728-32.
14. Bessler H, Gurary N, Aloni D, Vishne TH, Sirota L. Effect of
cefotaxime on cytokine production in newborns and adults in
132

vitro. Biomed Pharmacother. 2000;54:410-4.
15. Van Vlem B, Vanholder R, De Paepe P, Vogelaers D, Ringoir
S. Immunomodulating effects of antibiotics: literature review.
Infection. 1996;24:275-91.
16. Shin SH, Shin DH, Ryu PY, Chung SS, Rhee JH.
Proinflammatory cytokine profile in Vibrio vulnificus
septicemic patients’ sera. FEMS Immunol Med Microbiol.
2002;33:133-8.
17. Moellering RC Jr, Yao JD, Thornsberry C. Approximate
concentrations of antimicrobial agents achieved in blood. In:
Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH,
eds. Manual of clinical microbiology. 7th ed. Washington, DC:
American Society of Microbiology Press; 1999:1201-2.
18. de Groote MA, Martin MA, Densen P, Pfaller MA, Wenzel
RP. Plasma tumor necrosis factor levels in patients with
presumed sepsis. Results in those treated with antilipid A
antibody vs placebo. JAMA. 1989;262:249-51.
19. Debets JM, Kampmeijer R, van der Linden MP, Buurman WA,
van der Linden CJ. Plasma tumor necrosis factor and mortality
in critically ill septic patients. Crit Care Med. 1989;17:489-94.
20. Chorinchath BB, Kong LY, Mao L, McCallum RE. Ageassociated differences in TNF-alpha and nitric oxide production
in endotoxic mice. J Immunol. 1996;156:1525-30.
21. Leon LR, White AA, Kluger MJ. Role of IL-6 and TNF in
thermoregulation and survival during sepsis in mice. Am J
Physiol. 1998;275:R269-77.
22. Girardin E, Grau GE, Dayer JM, Roux-Lombard P, Lambert
PH. Tumor necrosis factor and interleukin-1 in the serum of
children with severe infectious purpura. N Engl J Med. 1998;
319:397-400.
23. Nadel S, Newport MJ, Booy R, Levin M. Variation in the tumor
necrosis factor-alpha gene promoter region may be associated
with death from meningococcal disease. J Infect Dis. 1996;
174:878-80.
24. Nau R, Eiffert H. Modulation of release of proinflammatory
bacterial compounds by antibacterials: potential impact on
course of inflammation and outcome in sepsis and meningitis.
Clin Microbiol Rev. 2002;15:95-110.
25. Shapira L, Soskolne WA, Houri Y, Barak V, Halabi A, Stabholz
A. Protection against endotoxic shock and lipopolysaccharideinduced local inflammation by tetracycline: correlation with
inhibition of cytokine secretion. Infect Immun. 1996;64:
825-8.
26. Matera G, Berlinghieri MC, Foti F, Barreca GS, Foca A. Effect
of RO 23-9424, cefotaxime and fleroxacin on functions of
human polymorphonuclear cells and cytokine production
by human monocytes. J Antimicrob Chemother. 1996;38:
799-807.
27. Jackson JJ, Kropp H. beta-Lactam antibiotic-induced release
of free endotoxin: in vitro comparison of penicillin-binding
© 2007 Journal of Microbiology, Immunology and Infection

Chiang et al

protein (PBP) 2-specific imipenem and PBP 3-specific
ceftazidime. J Infect Dis. 1992;165:1033-41.
28. Prins JM, Kuijper EJ, Mevissen ML, Speelman P, van Deventer
SJ. Release of tumor necrosis factor alpha and interleukin 6
during antibiotic killing of Escherichia coli in whole blood:
influence of antibiotic class, antibiotic concentration, and
presence of septic serum. Infect Immun. 1995;63:2236-42.
29. Simpson AJ, Opal SM, Angus BJ, Prins JM, Palardy JE, Parejo
NA, et al. Differential antibiotic-induced endotoxin release in
severe melioidosis. J Infect Dis. 2000;181:1014-9.
30. Evans ME, Pollack M. Effect of antibiotic class and
concentration on the release of lipopolysaccharide from
Escherichia coli. J Infect Dis. 1993;167:1336-43.
31. Bagby GA, Plessala KJ, Wilson LA, Thompson JJ, Nelson S.
Divergent efficacy of antibody to tumor necrosis factor-alpha
in intravascular and peritonitis models of sepsis. J Infect Dis.
1991;163:83-8.
32. Zanetti G, Heumann D, Gerain J, Kohler J, Abbet P, Barras C,

© 2007 Journal of Microbiology, Immunology and Infection

et al. Cytokine production after intravenous or peritoneal gramnegative bacterial challenge in mice. Comparative protective
efficacy of antibodies to tumor necrosis factor-alpha and to
lipopolysaccharide. J Immunol. 1992;148:1890-7.
33. Scheingraber S, Bauerfeind F, Bohme J, Dralle H. Limits of
peritoneal cytokine measurements during abdominal lavage
treatment for intraabdominal sepsis. Am J Surg. 2001;181:
301-8.
34. Marshall J, Sweeney D. Microbial infection and the septic
response in critical surgical illness. Sepsis, not infection,
determines outcome. Arch Surg. 1990;125:17-22.
35. Schein M, Wittmann DH, Holzheimer R, Condon RE.
Hypothesis: compartmentalization of cytokines in
intraabdominal infection. Surgery. 1996;119:694-700.
36. Holzheimer RG, Schein M, Wittmann DH. Inflammatory
response in peritoneal exudate and plasma of patients
undergoing planned relaparotomy for severe secondary
peritonitis. Arch Surg. 1995;130:1314-9.

133

