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Salmonella como fluorquinolonas, SXT o β-lactámicos,
se ha incrementado notablemente. Las infecciones cau-
sadas por cepas multirresistentes son en estos momentos
frecuentemente descritas.

Con el fin de considerar el papel de ertapenem en el
tratamiento de infecciones intraabdominales causadas
por Salmonella se diseña el presente estudio que compa-
ra la eficacia de ertapenem frente a ceftriaxona en un
modelo experimental de peritonitis en ratones.

La erradicación bacteriológica en sangre, hígado y
ganglios mesentéricos fue observada a los 5 y 7 días de
tratamiento en todos los ratones infectados que recibie-
ron ceftriaxona.

Aunque ambos antimicrobianos, ertapenem y cef-
triaxona, demostraron ser eficaces reduciendo la morta-
lidad de los ratones inoculados, los datos obtenidos su-
gieren que ertapenem posee una eficacia reducida en la
erradicación bacteriológica de Salmonella no-typhi en
este modelo experimental.
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INTRODUCTION

Salmonellosis is a frequent worldwide cause of food-
borne gastroenteritis. Although enterocolitis is often a self-
limited disease, in prolonged diarrhoea, severe clinical in-
fections, neonates, immunocompromised patients or
extra-intestinal infectious Salmonella-due complications
treatment is mandatory.

Since the beginning of the 1990s, the prevalence of iso-
lates of non-typhoidal Salmonella (NTS) species resistant to
antimicrobial agents, including those commonly used for the
treatment of Salmonella infections such as fluoro-
quinolones, trimethoprim-sulfamethoxazole or β-lactams,
has increased substantially.1 Infections caused by multidrug-
resistant strains of NTS are now frequently encountered.2

Resistance to β-lactams includes third-generation
cephalosporins, usually due to the production of extended-

Since the beginning of the 1990s, the prevalence of
isolates of non-typhoidal Salmonella species resistant to
antimicrobial agents, including those commonly used for
the treatment of Salmonella infections such as fluoro-
quinolones, trimethoprim-sulfamethoxazole or β-lactams,
has increased substantially. Infections caused by multidrug-
resistant strains of non-typhoidal Salmonella are now fre-
quently encountered.

In order to consider an appropriate role of Ertapenem
in Salmonella-due intraabdominal infections, in the present
study we compare the efficacy of Ertapenem versus that of
Ceftriaxone in a mouse peritonitis model.

Bacteriological eradication from blood, liver and
mesenteric lymph nodes was observed after 5 and 7 days of
treatment in all infected mice receiving ceftriaxone.

Although both antimicrobial agents —Ertapenem and
Ceftriaxone— were observed to be effective in reducing
mortality in inoculated mice, our data suggests a reduced
efficacy of Ertapenem in the bacteriological eradication of
Salmonella enterica serotype Typhimurium in a mouse peri-
tonitis model.
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Actividad de ertapenem y ceftriaxona en la
erradicación de Salmonella en un modelo
experimental de peritonitis en ratones

Desde la década de 1990, la prevalencia de aisla-
mientos de diferentes especies de Salmonella no-typhi
resistentes a antimicrobianos, incluidos los utilizados
más frecuentemente en el tratamiento de infecciones por
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spectrum β-lactamases (ESBLs), leaving very limited options
for treatment in serious extra-intestinal infections.3,4 The
only betalactams currently available against these strains
are the carbapenems.

Recently, a novel carbapenem —Ertapenem— has been
approved for human therapy.5 It exhibits broad activity
against most Enterobacteriaceae, including Salmonella
strains. Ertapenem is indicated for the treatment of mod-
erate-to-severe intra-abdominal infections, including
peritonitis, diverticulitis, appendicitis and intra-abdomi-
nal abscesses.6 Its prolonged half-life and high protein
binding capacity allows once-daily dosing, similar to Cef-
triaxone.

In order to consider an appropriate role of Ertapenem in
Salmonella-due intraabdominal infections, in the present
study we compare the efficacy of Ertapenem versus that of
Ceftriaxone in a mouse peritonitis model.7

MATERIALS AND METHODS

Antimicrobial agents

Treatment with subcutaneous injections (0.2 ml) of Cef-
triaxone (Roche Laboratories, Neuilly-sur-Seine, France) or
Ertapenem (Merck Research Laboratory, Rahway, N.J.) start-
ed at 2 hours post- inoculation. Ceftriaxone was adminis-
tered at doses of 50 mg/kg and 100 mg/kg.

The dose ranges studied for Ertapenem were 15 mg/kg/12h,
30 mg/kg/day, 50 mg/kg/12h, 50 mg/kg/day, and 100 mg/kg/day.
Ceftriaxone was dosed according to a previously published
murine model8 and Ertapenem according to a neutropenic
mouse model.9

Strains

A clinical isolate of Salmonella enterica serotype Ty-
phimurium isolated from the peritoneal fluid of a patient
with intraabdominal abscess was used. The strain was sus-
ceptible to Ceftriaxone (MIC E-test: 0.047 µg/ml), Ertapen-
em (MIC E-test 0.016 µg/ml) and non-ESBL-producer.10,11

Mouse peritoneal model

Five-week-old male mice (OF1) with a mean weight of
25-30 g were included in this study.

The animals were housed in accordance with EU regula-
tions concerning the use of animals for experimental pur-
poses and other scientific aims. For handling, the norms
concerning the handling of animals stipulated in
86/609/CEE were followed and the animals were provided
with food and water ad libitum.

A suspension of each test isolate was prepared from a
fresh subculture that had been incubated for less than 20 h
and diluted to achieve an inoculum of 107 CFU/ml. Seven
groups of mice (twenty mice per group) were inoculated in-
traperitoneally with 0.1 ml of a bacterial suspension (infec-
tive dose 5 x 107). Final inoculum concentrations were con-
firmed with serial dilution.

Twenty infected non-treated mice were used as controls.
Death and survival were monitored at 24h. Ten mice in each
treated group were sacrificed over 5 and ten over 7 days
post-treatment.

The efficacy of both antibiotics was measured consider-
ing bacterial counts of Salmonella enterica serotype Ty-
phimurium in lymph nodes, liver and blood.

Sample processing

The experimental protocols were approved by the Com-
mitee for Animal Care and Use of the University of Sala-
manca and were implemented under International Rules
and the European Council Agreements concerning applied
animal experimentation (Directive 86/609/EEC).

At the end of the experimental period, with the animals
under general anaesthesia, heart blood was obtained by
puncture and samples of liver and mesenteric lymph nodes
were obtained under sterile conditions. Culture processing
was performed immediately after sample collection.

Once samples had been obtained for culture, they
were placed in sterile bags for later homogenization in a
Stomacher® (Seward Medical, London, UK). Dilution at
different concentrations was carried out at Trypticase
broth before high-intensity homogenisation for 8 min in
Stomacher 80®.

Once the samples had been homogenised, 100, 500 and
100 µl were cultured on three blood-agar plates under aero-
bic conditions at 37 ºC over 48 hours. Gram-staining was per-
formed on all positive samples. The number of colonies per
gram of tissue was calculated, and the results of the three
culture plates were used to obtained the weighted mean.

RESULTS

Mortality at 24h in the non-treated group was 100%.

Bacteriological eradication from blood, liver and mesen-
teric lymph nodes was observed after 5 and 7 days of treat-
ment in all infected mice receiving Ceftriaxone (20 animals
received a dose of 50 mg/kg/day and a further 20 were ad-
ministered a dose of 100 mg/kg/day; in each group 10 ani-
mals were sacrificed at 5 days after the start of treatment
and the rest after 7 days of treatment.
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In only 4 of the 100 Ertapenem-treated mice was Salmo-
nella enterica serotype Typhimurium eradicated from peri-
toneal lymph nodes; in two samples of mesenteric lymph
nodes from a mouse treated with 50 mg/kg/12 h (one sacri-
ficed at 5 days and the other at 7) and in another two from
a mouse treated with 100 mg/kg/day (one sacrificed at 5
days and the other at 7). In these four cases, the blood and
liver cultures were also negative.

The growth Salmonella enterica serotype Typhimurium
was detected in pure culture from 26 animals (26% of the
animals treated with Ertapenem); in the blood of 48 mice,
and in mesenteric lymph nodes in 96.

No differences were observed with respect to the dose
received.

The results are shown in table 1.

DISCUSSION

Salmonella infections can manifest themselves as acute
abdominal problems and may demand emergency surgery.
Some examples are: salmonella-related intestinal perfora-
tions, gallbladder involvement, salpingitis, and peritonitis.
Mesenteric lymphadenitis associated with Salmonella mim-
ics acute appendicitis and it is often difficult to establish a
timely and opportune diagnosis. Because of the difficult di-
agnostic process, a significant number of patients with Sal-
monella infections develop acute abdomen and undergo
needless operations.

The aim of the present study was to determine the role of
Ertapenem in Salmonella-due intraabdominal infection,
comparing the efficacy of the antimicrobial agent with that

of Ceftriaxone, one of the efficacious antibiotics for these
clinical pictures.12,13 This was to determine whether it might
offer a valid therapeutic alternative in an experimental
model of peritonitis. The rationale for this was based on the
reported increased resistance to Ceftriaxone.14,15

The results obtained reveal the low efficacy of Ertapenem
in the eradication of Salmonella enterica serotype Ty-
phimurium. In contrast, and as expected, the results ob-
tained with Ceftriaxone confirmed its therapeutic efficacy.16

Salmonella is a gram-negative bacillus that behaves as a
facultative intracellular pathogen.17 Its habitat is the gas-
trointestinal tract of animals and humans: it is never pre-
sent as normal microbiota. Owing to its invasive capacity
and its ability to survive challenge by phagocytes it is asso-
ciated with many infectious diseases.

Salmonella has 5 pathogenicity islands. Several genes of
pathogenicity island 1 (SPI-1) are involved in the invasion
and apoptosis of macrophages. The genes located in SPI-2
and SPI-3 regulate the survival and replication of the bac-
terium in the intracellular compartments of phagocytes and
epithelial cells. SPI-4 is thought to participate in adaptation
to intracellular environments, and SPI-5 encodes factors in-
volved in the fluid secretion and inflammatory reaction of
the intestinal mucosa.

Salmonella typhimurium is an intracellular pathogen ca-
pable of proliferating within the vacuolar compartments of
non-phagocytic eukaryotic cells.18-20

Cefriaxone is able to penetrate cells,21,22 like Ertapenem,
which is active against intraphagocytic Staphylococcus au-
reus but not against Listeria monocytogenes.23 Ertapenem
will probably be ineffective against intraphagocytic forms
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Bacteriological eradication Bacteriological eradication
N.º Exitus 24 h After day 5 postreatment After day 7 postreatment

(n.º 10) (n.º 10)

Control 20 20 – –

Ceftriaxone 50 mg/kg/day 20 0 10 10

Ceftriaxone 100 mg/kg/day 20 0 10 10

Ertapenem 15 mg/kg/12h 20 0 0 0

Ertapenem 30 mg/kg/day 20 0 0 0

Ertapenem 50 mg/kg/12h 20 0 1 1

Ertapenem 50 mg/kg/day 20 0 0 0

Ertapenem 100 mg/kg/day 20 0 1 1

Table 1 Bacteriological eradication of Salmonella enterica serotype Typhimurium in mice treated with
ceftriaxone and ertapenem



of L. monocytogenes for reasons that remain to be discov-
ered. Conversely, Ertapenem could offer an alternative to
ampicillin and meropenem against intraphagocytic S. au-
reus since its longer half-life may allow high concentrations
to be maintained for longer times.23

It remains for the clinical meaning of this lack of eradi-
cation to be explained and whether the result can be ex-
trapolated to human beings.

CONCLUSIONS

Although both antimicrobial agents —Ertapenem and
Ceftriaxone— were observed to be effective in reducing
mortality in inoculated mice, our data suggests a reduced
efficacy of Ertapenem in the bacteriological eradication of
Salmonella enterica serotype Typhimurium in a mouse peri-
tonitis model.

REFERENCES

1. Biedenbach DJ, Toleman M, Walsh TR, Jones RN. Analysis of Sal-
monella spp. with resistance to extended-spectrum cephalosporins
and fluoroquinolones isolated in North America and Latin Amer-
ica: report from the SENTRY Antimicrobial Surveillance Program
(1997-2004). Diagnostic Microbiology and Infectious Disease 2006;
54:13-21.

2. Lauderdale TL, Aarestrup FM, Chen PC, Lai JF, Wang HY, Shiau YR,
HuangIW, HungCL and TSAR hospitals.Multidrug resistance among
different serotypes of clinical Salmonella isolates in Taiwan. Di-
agnostic Microbiology and Infectious Disease 2006, 55:149-55.

3. Kariuki S, Revathi G, Kariuki N, Muyodi J, Mwituria J, Munyalo A
et al. Increasing prevalence of multidrug-resistant non-typhoidal
salmonellae, Kenya, 1994–2003. International Journal of An-
timicrobial Agents 2005;25:38-43.

4. GovindenU, MocktarC, MoodleyP, SturmAW, EssackSY. CTX-M-
37 in Salmonella enterica serotype Isangi from Durban, South Africa.
International Journal Antimicrobial Agents 2006; 28: 288-91.

5. Cunha BA. Ertapenem. A review of its microbiologic, pharmaco-
kinetic and clinical aspects. Drugs Today 2002;38:195–213.

6. Wittau M, Wagner E, Kaever V, Koal T, Henne-Bruns D, Isenmann
R. Intraabdominal tissue concentration of ertapenem. Journal of
Antimicrobial Chemotherapy 2006;57:312-6.

7. Butler T, Jacobs MR, Farhi D. Treatment of experimental Salmo-
nella typhimurium infection in mice with fleroxacin. Antimicro-
bial Agents and Chemotherapy 1988; 32: 791-2.

8. Azoulay-Dupuis E, Bédos JP, Mohler J, Schmitt-Hoffmann A,
Schleimer M, Shapiro S. Efficacy of BAL5788, a Prodrug of
Cephalosporin BAL9141, in a Mouse Model of Acute Pneumococcal
Pneumonia. Antimicrobial Agents and Chemotherapy
2004;48:1105-11.

9. Xuan D, Banevicius M, Capitano B, Kim MK, Nightingale C, Nico-
lau D. Pharmacodynamic assessment of ertapenem (MK-0826)
against Streptococcus pneumoniae in a murine neutropenic thigh
infection model. Antimicrobial Agents and Chemotherapy 2002;
46:2990-5.

10. Jarlier V, Nicolas MH, Fournier G, Philippon A. Extended broad-spec-
trum betalactamases conferring transferable resistance to newer
β-lactam agents in Enterobacteriaceae: hospital prevalence and sus-
ceptibility patterns. Review of Infectious Disease 1988; 10:867-878.

11. National Committee for Clinical Laboratory Standards. Performance
standards for antimicrobial susceptibility testing. 13th informa-
tional supplement. M1000-S12: Wayne PA; 2003.

12. Rotimi VO, Jamal W, Pal T, Sonnevend A, Dimitrov TS, Albert MJ.
Emergence of multidrug-resistant Salmonella spp. and isolates with
reduced susceptibility to ciprofloxacin in Kuwait and the United
Arab Emirates. Diagnostic Microbiology and Infectious Disease.
2008;60:71-7.

13. Anton PA, Kemp JA, Butler T, Jacobs MR. Comparative efficacies
of ceftriaxone, moxalactam, and ampicillin in experimental Sal-
monella typhimurium infection. Antimicrobial Agents and
Chemotherapy 1982;22:312-5.

14. Whichard JM, Gay K, Stevenson JE, Joyce KJ, Cooper KL, Omondi M
et al. Human Salmonella and concurrent decreased susceptibility
to quinolones and extended-spectrum cephalosporins. Emerging In-
fectious Diseases 2007;13:1681-8.

15. LinksHu WS, Li PC, Cheng CY. Correlation between ceftriaxone re-
sistance of Salmonella enterica serovar Typhimurium and expression
of outer membrane proteins OmpW and Ail/OmpX-like protein,
which are regulated by BaeR of a two-component system. An-
timicrobial Agents and Chemotherapy. 2005;49:3955-8.

16. Nauciel C, Martin E. Comparative efficacy of ampicillin, chlo-
ramphenicol, cefotaxime, ceftriaxone and pefloxacin in experi-
mental Salmonella typhimurium infection. Pathol Biol (Paris).
1987;35:1239-42.

17. Chiu CH, Lin TY, Ou JT. In vitro evaluation of intracellular activi-
ty of antibiotics against non-typhoid Salmonella. International Jour-
nal Antimicrobial Agents 1999; 12:47-52.

18. Hardt WD, Chen LM, Schuebel KE, Bustelo XE, Galán JE. S. ty-
phimurium encodes an activator of Rho GTPases that induces
membrane ruffling and nuclear responses in host cells. Cell
1998;93:815-26.

19. Cano DA, Martínez Moya M, Pucciarelli MG, Groisman EA,
Casadesus J, García-Portillo F. Salmonella enterica Serovar Ty-
phimurium Response Involved in Attenuation of Pathogen
Intracellular Proliferation. Infection and Immunity 2001;
69:6463-74.

20. Beuzón CR, Salcedo SP, Holden DW. Growth and killing of a
Salmonella enterica serovar Typhimurium sifA mutant strain
in the cytosol of different host cell lines. Microbiology
2002:148:2705-15.

21. Herrmann JL, Lagrange PH. Intracellular activity of zidovudine (3’-
azido-3’-deoxythymidine, AZT) against Salmonella typhimurium
in the macrophage cell line J774-2. Antimicrobial Agents and
Chemotherapy 1992;36:1081-5.

22. Ekinci B, Coban AY, Birinci A, Durupinar B. In vitro effects of ce-
fotaxime and ceftriaxone on Salmonella typhiwithin human mono-
cyte-derived macrophages. Clinical Microbiology and Infection
2002;8:810-3.

23. Lemaire S, Van Bambeke F, Mingeot-Leclercq MP, Tulkens PM. Ac-
tivity of three β-lactams (ertapenem, meropenem and ampicillin)
against intraphagocytic Listeria monocytogenes and Staphylo-
coccus aureus. Journal of Antimicrobial Chemotherapy
2005;55:897-904.

Activity of Ertapenem and Ceftriaxone in the eradication of Salmonella in a model of experimental
peritonitis in mice

F. S. Lozano, et al.

138 34Rev Esp Quimioter 2009;22(3):135-138


