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Ceftriaxone and ciprofloxacin were effective in the treatment of Yersinia enterocolitica O9 intestinal infection
in mice. Amikacin was less effective. The impact of these drugs on indigenous bacteria from the intestinal
microbiota was studied.

Pathogenic serotypes of Yersinia enterocolitica are the cause
of food-borne enteritis in humans (4). Usually, human infec-
tions with low-virulence serotypes, such as O3 and O9, are
self-limiting and do not require antibiotic therapy (15). How-
ever, enteric infection with low-virulence yersiniae may last for
periods of up to 14 weeks without symptoms (12). Since Y. en-
terocolitica possesses immunomodulatory activity (13, 14), the
prolonged intestinal carriage of yersiniae may exert nonspecific
effects on the immune system of the host and may be involved
in the induction of secondary immunologically mediated dis-
orders that have been described as nonseptic sequelae of hu-
man yersiniosis (reviewed in reference 4). Thus, the use of
antibiotics to shorten the carriage of yersiniae should be con-
sidered. Moreover, antibiotic therapy is necessary for treating
systemic infections caused by Y. enterocolitica in immunocom-
promised hosts and patients with iron overload (4, 6, 15).
Ceftriaxone, fluoroquinolones, and antipseudomonal ami-
noglycosides have been recommended for treatment against
Y. enterocolitica infection (16). The purpose of this study was to
test the efficacy of ceftriaxone, ciprofloxacin, and amikacin in
enteric yersiniosis and to compare the impacts of these agents
on the intestinal flora of mice.

The experiments were performed with specific-pathogen-
free BALB/c female mice weighing 20 to 24 g (Animal Re-
search Unit, University of Granada, Granada, Spain). Strain
IP383 of Y. enterocolitica belongs to serotype O9, biotype 2,
and carries the virulence plasmid that is required for pathoge-
nicity in this species (11). For experimental infection of mice by
the oral route, yersiniae were grown on tryptic soy agar (Difco
Laboratories, Detroit, Mich.) at 25°C for 24 h. Bacterial cells
were harvested in sterile phosphate-buffered saline, washed
twice, and resuspended in sterile water to obtain about 109

bacteria per ml. After an 18-h period of water deprivation, the
mice were allowed to drink ad libitum for 24 h from the
bacterial suspension (7). The viability of yersiniae in water
suspensions did not decrease for a 24-h period at room tem-
perature. Since the water intake was about 4 ml per mouse per
day, the average challenge dose was about 4 3 109 yersiniae
per mouse. To quantify fecal excretion of yersiniae, samples of
feces from infected mice were obtained directly on sterile plas-
tic petri dishes and processed in less than 15 min after collec-

tion. The feces were weighed and homogenized in 10 ml of
sterile saline solution (0.9% [wt/vol] NaCl), and suitable dilu-
tions of the homogenates were plated onto Yersinia CIN (cef-
sulodin, irgasan, and novobiocin) agar plates for viable bacte-
rial counts. Results were expressed as the number of CFU per
gram of feces. As shown in Fig. 1, fecal excretion of yersiniae
was detected on day 1 postchallenge in all mice challenged with
strain IP383. All animals were apparently asymptomatic, ex-
cept for 30% of mice that had intermittent diarrhea. To verify
the ileum mucosal colonization by IP383, pieces of the termi-
nal ileum (1 cm) that did not contain Peyer’s patches were
excised, rinsed, and homogenized in sterile phosphate-buffered
saline, and appropriate dilutions were plated onto Yersinia
CIN agar plates. Viable yersiniae were present in all samples
from infected mice (data not shown). When mice were sacri-
ficed between days 3 and 15 following infection, significant
splenomegaly was observed. Bakour et al. (2) reported the
recovery of viable yersiniae from spleens of mice after infec-
tion with the serotype O9 strain by the oral route. Thus, the
mouse model reproduces a self-limiting infection that resem-
bles human infection with low-virulence serotypes of Y. entero-
colitica.

Ceftriaxone, amikacin, and ciprofloxacin were obtained from
Sigma Chemical Co. (St. Louis, Mo.). MICs for IP383 were
determined by the macrobroth dilution method as described by
Woods and Washington (18). MICs of ceftriaxone, amikacin,
and ciprofloxacin were, respectively, 0.287, 8, and 0.0718 mg/ml
(data are geometric means of five replicates). These results are
similar to MICs previously reported for Y. enterocolitica strains
(10). To assess the in vivo efficacy of the antimicrobial agents
against Y. enterocolitica, therapy was begun 5 days after infec-
tion. Mice (10 animals per group) were injected twice a day at
12-h intervals for 5 consecutive days. The dosages were similar
to those used in human therapy by the parenteral route: ceftri-
axone, 28 mg/kg/day; amikacin, 15 mg/kg/day; and ciprofloxa-
cin, 5 mg/kg/day. The results of antimicrobial therapy are pre-
sented in Fig. 1. Fecal excretion of yersiniae persisted for more
than 15 days in animals in the untreated groups. Ceftriaxone
and ciprofloxacin suppressed yersinia excretion 3 days after the
antimicrobial treatment was started, and yersiniae did not re-
appear when the antibiotics were discontinued. Amikacin was
unable to eliminate Y. enterocolitica from the intestinal tract of
all animals, but MICs for recovered Y. enterocolitica clones did
not significantly differ from that for the original strain.

The ecological balance of intestinal microbiota may be dis-
turbed by the administration of antimicrobial agents. To eval-
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uate the impact of ceftriaxone, amikacin, and ciprofloxacin
treatments on intestinal microbiota of mice, we quantified in
feces the total aerobic bacteria, anaerobic bacteria, enterobac-
teria, and enterococci as representative indicators of the con-
dition of the intestinal microbiota. Total aerobic bacteria were
quantified by growing in tryptic soy agar or in CLED (cystine-
lactose-electrolyte-deficient) agar. Enterobacteria were count-
ed in Tergitol 7 agar supplemented with triphenyl-tetrazolium
chloride. Enterococci were quantified by growing in KF Strep-
tococcus agar supplemented with triphenyl-tetrazolium chlo-
ride. Clostridia and other anaerobic and microaerophilic bac-
teria were grown on Brewer Anaerobic agar plates under an
anoxic atmosphere (GasPak, BBL Microbiology Systems, Cock-
eysville, Md.). All culture media were purchased from Difco Lab-
oratories. Bacterial quantifications were performed at the start of
treatment (5 days after infection with IP383), at the end of treat-
ment (10 days after infection), and 2 days after the treatment was
completed (12 days after infection). The results illustrated in Fig.
2 show that ciprofloxacin caused the largest alterations in the
examined populations of indigenous bacteria. The number of
aerobic bacteria was significantly reduced by amikacin and cip-
rofloxacin. The number of enterobacteria was significantly de-

creased by ceftriaxone, amikacin, and ciprofloxacin. The number
of enterococci was significantly reduced by ceftriaxone and cipro-
floxacin. Finally, anaerobic bacteria were significantly reduced in
feces from ciprofloxacin-treated mice; the affected populations
were composed mainly of spore-forming bacilli and Fusobacte-
rium strains. Antibiotic-associated diarrhea was not observed.

Our results demonstrated that ceftriaxone and ciprofloxacin
were efficacious in the treatment of experimental infection with
Y. enterocolitica O9. Both drugs exerted a significant impact on
the intestinal microbiota. In the case of ceftriaxone, a com-
parable picture has been observed in humans: the number of
enterobacteria decreased after ceftriaxone administration,
whereas anaerobes were not affected (1). Ciprofloxacin caused
marked reductions in aerobic and anaerobic indigenous bac-
teria. In humans, the oral administration of ciprofloxacin also
resulted in decreases in the aerobic portion of fecal microbiota,
whereas the changes in the anaerobic part were not so pro-
nounced (3, 5). In agreement with our data, Gismondo et al.
reported that clostridia were significantly reduced by cipro-
floxacin in a mouse model (8). In our experimental model,
antibiotics were given by the parenteral route but ciprofloxacin
can reach the intestinal lumen by biliary excretion (5). It is
interesting to note that ciprofloxacin-mediated killing of indig-
enous bacteria has been proposed as a cause of release of
bacterial fractions with immunomodulatory properties (9).

An important criticism of many animal models is the use of
unnatural routes of inoculation (17). On the basis of the data
cited above, it appears that experimental infection of mice with
moderately virulent serotypes of Y. enterocolitica, such as sero-

FIG. 1. Effects of antimicrobial agents on Y. enterocolitica intestinal infection
in mice. Infected mice were treated for 5 days with ceftriaxone, amikacin, or
ciprofloxacin. Data represent the mean log10 6 standard deviation (indicated by
error bars) of viable yersiniae per gram of feces for 10 mice. Similar results were
obtained in two experiments.

FIG. 2. Changes of bacterial populations in feces following treatment with
antimicrobial agents. Total aerobic bacteria (open bars), enterobacteria (hatched
bars), enterococci (stippled bars), and anaerobic bacteria (solid bars) were quan-
tified. Data represent the mean log10 6 standard deviation (indicated by error
bars) of viable bacteria per gram of feces for 10 mice. p, significantly different
(P , 0.05 by the Student t test) from value for untreated controls. Similar results
were obtained in two experiments.
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type O9, by the oral route, may be a suitable model for exper-
imental therapeutic studies.
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