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A B S T R A C T

Background: Ceftriaxone and cefotaxime share a similar antibacterial spectrum and similar indications
but have different pharmacokinetic characteristics. Ceftriaxone is administered once daily and 40% of its
clearance is by biliary elimination, whereas cefotaxime requires three administrations per day and shows
less than 10% biliary elimination. The high biliary elimination of ceftriaxone suggests a greater impact of
this antibiotic on the gut microbiota than cefotaxime. The objective of this study was to compare the
impact of ceftriaxone and cefotaxime on the gut microbiota.
Methods: A prospective clinical trial was performed that included 55 patients treated with intravenous
ceftriaxone (1 g/24 h) or cefotaxime (1 g/8 h) for at least 3 days. Three fresh stool samples were collected
from each patient (days 0, 3, and 7 or at the end of intravenous treatment) to assess the emergence of
third-generation cephalosporin (3GC)-resistant Enterobacteriaceae, carbapenem-resistant Enterobacter-
iaceae, Pseudomonas aeruginosa, toxigenic Clostridioides difficile, and vancomycin-resistant enterococci.
Results: The emergence of 3GC-resistant gram-negative enteric bacilli (Enterobacteriaceae) (5.9% vs 4.7%,
p > 0.99), Enterococcus spp, and non-commensal microorganisms did not differ significantly between the
groups. Both antibiotics reduced the counts of total gram-negative enteric bacilli and decreased the
cultivable diversity of the microbiota, but the differences between the groups were not significant.
Conclusion: No significant difference was observed between ceftriaxone and cefotaxime in terms of the
emergence of resistance.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Resistance to third-generation cephalosporins (3GCs) in Enter-
obacteriaceae mainly results in the acquisition of plasmid-
mediated extended-spectrum beta-lactamases (ESBLs) or the
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overproduction of constitutive AmpC beta-lactamases (AmpC).
The gastrointestinal tract is the main reservoir of ESBL-producing
Enterobacteriaceae (ESBL-PE) and AmpC-overproducing
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nterobacteriaceae. Colonization with ESBL-PE is a strong risk
actor for subsequent infections (Emmanuel Martinez et al., 2019).
ost clinical factors associated with colonization and infection
ith ESBL-PE involve healthcare exposure, such as hospitalization,
esidence in a long-term care facility, hemodialysis, intravascular
rocedures, travel in highly endemic regions, and recent antibiotic
herapy (Jacoby George and Munoz-Price Luisa, 2005; Park Yoon
t al., 2012; Paterson David et al., 2004; Pilmis et al., 2018). Among
revious antibiotic therapies, fluoroquinolones and 3GCs are the
ost frequently involved (Flokas Myrto et al., 2016).
The two intravenously administered 3GCs, ceftriaxone and

efotaxime, share a similar antibacterial spectrum and similar
ndications, but they have different pharmacokinetic character-
stics. Ceftriaxone is administered once daily and 40% of its
learance is by biliary elimination, whereas cefotaxime is most
ften administered three times per day and shows less than 10%
iliary elimination. However, cefotaxime is hydrolyzed to
esacetyl-cefotaxime, which is excreted in the stool, and both
omponents have synergistic activity against anaerobic bacteria
Novick, 1982).

The authors of two randomized studies (Michéa-Hamzehpour
t al., 1988; Bräutigam et al., 1988) and several observational
tudies (de Lastours et al., 2018; Gbaguidi-Haore et al., 2013; Grohs
t al., 2014) have suggested a high risk of the emergence of 3GC-
esistant Enterobacteriaceae among patients treated with 3GCs. In
ddition, several authors have suggested that ceftriaxone appears
o have a more pronounced impact on the gut microbiota than
efotaxime in terms of the selection of gram-negative Enter-
bacteriaceae resistant to 3GCs (ESBL-PE) (Grohs et al., 2014).
owever, a recent study conducted in healthy volunteers treated
or 3 days with a 3GC showed that ceftriaxone appeared to have the
ame impact as cefotaxime on the gut microbiota (Burdet et al.,
019). Ultimately, no comparative studies on the usual antibiotic
egimens administered in clinical practice have been conducted.

This article reports the results of a prospective clinical trial
erformed on patients treated with either ceftriaxone or cefotax-
me to compare the respective impacts of these 3GCs on the gut
icrobiota.

ethods

tudy design

A prospective clinical trial was conducted from April 2019 to
ecember 2019 on patients hospitalized in the internal medicine
ard of the Groupe Hospitalier Paris Saint-Joseph (Paris, France).
ll participants received oral and written information and
rovided signed consent before inclusion. The trial obtained
pproval from the independent ethics committee “Ouest III” 23/01/
019 (2018-A03367-48) and was conducted according to Good
linical Practice and the Declaration of Helsinki, as last amended.

ubjects and selection criteria

All adult patients hospitalized for more than 24 h in the internal
edicine ward with an indication for 3GC therapy (ceftriaxone or
efotaxime) were eligible for the study. Between April and July
019, all included patients received ceftriaxone (ceftriaxone
roup). August was chosen as a washout period. During this
eriod, each physician did not prescribe antibiotics. Between

(<90 days), and pregnancy. Clinical data collected at T0 included
demographics, medical history, comorbidities, history of previous
antibiotic consumption or hospitalization in the previous 12
months, origin of the current infection, and dosage of antibiotic
therapy.

The two periods were compared for the emergence of 3GC-
resistant Enterobacteriaceae (defined by resistance to ceftriaxone
and/or cefotaxime), carbapenem-resistant Enterobacteriaceae or
Pseudomonas aeruginosa, toxigenic Clostridioides difficile, or vanco-
mycin-resistant enterococci.

Treatments

Patients received either ceftriaxone 1 g once a day or cefotaxime
1 g three times a day, or the renally adjusted equivalent as a 30-min
infusion. T0 was defined as day 1 of antibiotic treatment, and stool
samples were taken before the first 3GC administration. T1 was
defined as day 3 of antibiotic therapy and T2 as day 7 or the end of
intravenous antibiotic therapy with the 3GC.

Incidence of third-generation cephalosporin resistance among
Enterobacteriaceae

The incidence rates of resistance to 3GCs among Enterobacter-
iaceae in the internal medicine ward during the two periods of
antibiotic consumption were compared. Diagnostic and screening
samples collected from inpatients were included in the analysis.

Fecal sampling and analyses

Three fresh stool samples were obtained from each patient at
T0, T1, and T2.

The fecal samples were transferred to the laboratory after
emission and stored at 4 �C for a maximum of 48 h. One hundred
milligrams of feces were suspended in 1 ml brain–heart infusion
broth containing 30% glycerol. Total cultivable aerobic bacteria
were counted by plating serial dilutions of broth on chromogenic
agar (chromID CPS ELITE; bioMérieux, Marcy-l’Étoile, France). Total
Enterobacteriaceae were counted by plating serial dilutions of broth
on Drigalski agar (bioMérieux). 3GC-resistant Enterobacteriaceae
were counted on chromID ESBL agar (bioMérieux). All distinct
colonies were counted and studied. Strains were identified by
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) (Biotyper, Bruker Daltonics, Bre-
men, Germany). Intestinal colonization by P. aeruginosa was
determined on Drigalski agar (Bio-Rad, Hercules, CA, USA), and
toxigenic C. difficile, vancomycin-resistant enterococci, and carba-
penem-resistant Enterobacteriaceae were determined on CLO plus
chromID C. difficile agar, VRE agar, and chromID CARBA SMART
(bioMérieux), respectively. Toxin detection of C. difficile strains was
performed using C. Diff Quik Chek Complete (Alere-Abbott,
Waltham, MA, USA). The limit of quantification was 100 colony-
forming units (CFU)/g of feces for all microorganisms.

Antimicrobial susceptibility was tested by disk diffusion
method on Mueller–Hinton agar (Bio-Rad) according to the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines (Anon). All isolates showing reduced suscep-
tibility to 10 mg ceftazidime (zone diameter �22 mm and/or
minimum inhibitory concentration (MIC) �1 mg/l) and/or 5 mg
cefotaxime (zone diameter �20 mm and/or MIC � 1 mg/l) were
eptember and December 2019, all included patients received
efotaxime (cefotaxime group). Exclusion criteria included
atients with only one fecal sample, patients with an allergy to
ephalosporins, an inclusion time >24 h after the initiation of
ntibiotic therapy, treatment with combined antibiotic therapy,
revious hospitalization (<90 days), previous antibiotic treatment
61
selected for ESBL/AmpC beta-lactamase (chromosomally over-
produced or plasmid-mediated) detection.

ESBL acquisition was confirmed by the combination disk
method (cefepime + clavulanate disk (30 mg/10 mg) versus a
cefepime disk (30 mg) alone) or when synergy between a 3GC or
aztreonam and clavulanate was observed (Mohanty et al., 2009).
8
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Colonies were considered to be positive for AmpC beta-
lactamase when restoration of the cefotaxime or ceftazidime
diameter was observed on cloxacillin (250 mg/l) supplemented
Mueller–Hinton agar (Bio-Rad, Marnes-la-Coquette, France) (Pols-
fuss et al., 2011). All samples were stored at �80 �C after analysis.

Statistical methods

The variation from baseline (T0) of the cultivable microbiota,
defined as the bacterial diversity and count in feces, was computed.
The results are expressed as the median (range) for continuous
variables and as the number and percentage (%) for categorical
variables. Subject characteristics were compared using the Student
t-test or Wilcoxon rank sum test for continuous variables and the
Chi-square test or Fisher’s exact test for categorical variables, as
appropriate. A p-value <0.05 was considered significant. Statistical
analyses were performed using Stata 13 (StataCorp, College
Station, TX, USA).

Results

During the study period, 1251 patients were admitted to the
internal medicine ward. Among them,130 (10.4%) had to be treated
with a 3GC, but 53 concomitantly received another antibiotic and
were therefore excluded from the study (Figure 1). Finally, 34

patients were included in the ceftriaxone group and 21 patients in
the cefotaxime group. Samples were obtained for all subjects at T0
and T1, while 25 patients were sampled at T3. The baseline
characteristics of the patients in the ceftriaxone and cefotaxime
groups are presented in Table 1.

Cefotaxime- and ceftriaxone-resistant Enterobacteriaceae

No statistically significant difference in the counts of 3GC-
resistant Enterobacteriaceae were observed between the two
treatment groups over time (Table 2). At baseline, 8/34 (23.5%)
patients in the ceftriaxone group and 3/21 (14.3%) in the
cefotaxime group carried 3GC-resistant Enterobacteriaceae, which
were identified as four ESBL-producing Escherichia coli and four
AmpC-overproducing Enterobacter sp in the ceftriaxone group, and
two ESBL-producing E. coli and one AmpC-overproducing Enter-
obacter sp in the cefotaxime group.

At T1, six patients carried ESBL-PE in the ceftriaxone group: two
new patients and the four patients previously identified as carriers
of ESBL-producing E. coli at T0. In the cefotaxime group, two
patients carried ESBL-producing E. coli: one patient already
carrying ESBL-producing E. coli and one new patient; one patient
no longer screened as a carrier (Figure 2).

At T2, data for only 17 patients in the ceftriaxone group and
eight in the cefotaxime group were available for analysis, due to an

Figure 1. Flow chart of the study.

Table 1
Clinical characteristics of patients included in the study.

Ceftriaxone group (n = 34) Cefotaxime group (n = 21) p-Value

Age (years), median (IQR) 77 (68–86) 84 (69–88) 0.59
Sex, n (%) 0.57
Female 20 (58.8) 10 (47.6)
Male 14 (41.2) 11 (52.4)
Total body weight (kg), median (IQR) 65 (60–78) 62 (53–81) 0.63
Creatinine clearance (ml/min), median (IQR) 59 (39–73) 56 (29–78) 0.71
Renal insufficiency (CrCl <60 ml/min), n (%) 16 (47) 8 (38) 0.58
Charlson comorbidity score, median (IQR) 5 (1–6) 6 (2–8) 0.69
Risk factors for 3GC-resistant Enterobacteriaceae carriage, n (%)
Travel in a high ESBL prevalence country in the last 3 months 2 (5.9) 1 (4.8) >0.99
Antibiotic therapy in the last 6 months 3 (8.8) 1 (4.8) >0.99
Previous duration of hospitalization (days), mean � SD 1.8 � 1.5 1.2 � 0.9 0.61
Origin of infection, n (%)
Urinary tract infection 20 (58.9) 17 (80.1) 0.13
Respiratory tract infection 11 (32.4) 3 (14.3) 0.20

Intra-abdominal infection 2 (5.9) 1 (4.9) >0.99
Primary bacteremia 1 (2.9) 0 (0) >0.99
Daily dose (mg/kg), median (IQR) 15.3 (12.8–19) 48.38 (37–56.5) <0.01
Total drug dose (mg), median (IQR) 2000 (2000–3000) 6000 (6000–9000) <0.01

CrCl, creatinine clearance (determined using the Cockcroft–Gault formula); ESBL, extended-spectrum beta-lactamase; 3GC, third-generation cephalosporin; IQR,
interquartile range; SD, standard deviation.
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arly oral switch, discharge, or transfer [Au?4]. Among them, six
atients – five in the ceftriaxone group and one in the cefotaxime
roup – carried 3GC-resistant Enterobacteriaceae, with one new
atient in the ceftriaxone group.
In terms of overall bacterial resistance rates for the internal

edicine ward, no difference in the epidemiology of Enter-
bacteriaceae resistance was observed. Thus, 10/40 (25%) Enter-
bacteriaceae resistant to 3GC were isolated during the ceftriaxone
eriod vs 12/47 (25.5%) during the cefotaxime period.

Other studied microorganisms

The results concerning the emergence of non-commensal
microorganisms are presented in Table 3. No significant difference
was observed between the groups in terms of the emergence of
other studied microorganisms from baseline: P. aeruginosa, C.
difficile, carbapenem-resistant Enterobacteriaceae, and vancomy-
cin-resistant enterococci. Indeed, an increase in the number of
patients carrying P. aeruginosa in the digestive tract was reported

able 2
arriage of third-generation cephalosporin-resistant or carbapenem-resistant Enterobacteriaceae before treatment (T0), 3 days after the beginning of antibiotic therapy (T1),
nd at the end of antibiotic therapy or/at the switch to oral antibiotic therapy (T2).

Ceftriaxone group Cefotaxime group p-Value

Bacterial carriage at T0 (n = 34) (n = 21)
3GC-resistant carriage at T0, n (%) 8 (23.5) 3 (14.3) 0.5
AmpC overproducers 4 (11.8) 1 (4.8) 0.28
ESBL producers 4 (11.8) 2 (9.5) 0.28
Carbapenem-resistant Enterobacteriaceae 0 (0) 0 (0) >0.99
Bacterial carriage at T1 (n = 34) (n = 21)
3GC-resistant carriage at T1, n (%) 7 (20.5) 2 (9.5) 0.45
AmpC overproducers 1 (2.9) 0 (0) 0.28
ESBL producers 6 (17.6) 2 (9.5) 0.69
Carbapenem-resistant Enterobacteriaceae 0 (0) 0 (0) >0.99
Bacterial carriage at T2 (n = 17) (n = 8)
3GC-resistant carriage at T2, n (%) 5 (29.4) 1 (12.5) 0.62
AmpC overproducers 2 (11.8) 0 (0) >0.99
ESBL producers 3 (17.6) 1 (12.5) >0.99
Carbapenem-resistant Enterobacteriaceae 0 (0) 0 (0) >0.99

SBL, extended-spectrum beta-lactamase; 3GC, third-generation cephalosporin.

igure 2. Course of colonization of patients with 3GC-resistant Enterobacteriaceae: (A) ceftriaxone patients, (B) cefotaxime patients. Individuals are shown in the same
osition before and after receiving the antibiotic.

able 3
mergence of non-commensal microorganisms from baseline under antibiotic pressure.

Change from baseline (T0 and T1/T2) Ceftriaxone group (n = 34) Cefotaxime group (n = 21) p-Value

Emergence of ESBL-producing Enterobacteriaceae, n (%) 2 (5.9) 1 (4.7) >0.99
Emergence of AmpC-overproducing Enterobacteriaceae, n (%) 0 (0) 0 (0) >0.99

Emergence of carbapenem-resistant Enterobacteriaceae, n (%) 0 (0) 0 (0) >0.99
Emergence of Pseudomonas aeruginosa, n (%) 4 (11.7) 3 (14.3) 0.15
Emergence of vancomycin-resistant enterococci, n (%) 0 (0) 0 (0) >0.99
Emergence of toxigenic Clostridioides difficile, n (%) 2 (5.9) 1 (4.7) >0.99

SBL, extended-spectrum beta-lactamase.
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for both arms: four in the ceftriaxone group and three in the
cefotaxime group.

Carriage of toxigenic C. difficile was reported for three patients
(two in the ceftriaxone group and one in the cefotaxime group), but
it was associated with clinical infection in only one case in the
cefotaxime group. Neither the emergence of vancomycin-resistant
enterococci nor of carbapenem-resistant Enterobacteriaceae was
observed.

Cultivable bacterial diversity and bacterial abundance

Although no significant difference was observed between
ceftriaxone and cefotaxime, both antibiotics exhibited an impor-
tant impact on total cultivable bacteria and Enterobacteriaceae
(Table 4). The mean reduction of absolute diversity and Enter-
obacteriaceae diversity was 0.03 � 1.2 and 0.2 � 1.09 species in the
ceftriaxone group and 0.82 � 1.07 and 1.05 � 1.88 in the cefotaxime
group (p > 0.05, not significant). Furthermore, the mean reduction
of absolute abundance and Enterobacteriaceae abundance was 0.77
� 1.99 and 1.67 � 3.5 log10 CFU/g of feces in the ceftriaxone group
and 1.81 � 2.34 and 1.05 � 0.88 log10 CFU/g of feces in the
cefotaxime group, respectively. The individual evolution of total
cultivable counts of bacteria and Enterobacteriaceae are presented
in Figure 3.

management (Forestier et al., 2015; Borner et al., 1985; Gauthier
et al., 2014).

Both ceftriaxone and cefotaxime appear to affect the cultivable
microbiota without any objectively detectable difference between
the two molecules involved in the emergence of resistance or
toxigenic C. difficile-related infection. Indeed, in contrast to existing
data suggesting that ceftriaxone is associated with a higher risk of
emergence of cephalosporin-resistant gram-negative bacilli than
cefotaxime (de Lastours et al., 2018; Grohs et al., 2014), the present
study did not highlight any difference between the two antibiotics,
either at the individual level or at the level of the ward.

The impact of ceftriaxone on the gut microbiota is most often
attributed to its pharmacokinetic characteristics, particularly
concerning its biliary elimination. The proportion of administered
ceftriaxone excreted in the bile after each dose has been estimated
to be approximatively 40% (Holazo et al., 1986; Patel and Kaplan,
1984), which is four times higher than that of cefotaxime (Jehl
et al., 1987). This difference in the pharmacokinetics could lead to
higher intestinal concentrations of ceftriaxone than cefotaxime.
Furthermore, it should be noted that cefotaxime is hydrolyzed to
its desacetyl metabolite, and concentrations of desacetyl-cefotax-
ime and cefotaxime are present in bile at a ratio of 2:1. Studies have
shown a synergistic effect of cefotaxime and desacetyl-cefotaxime
against anaerobes, in particular, Bacteroides spp (Jones, 1995;
Canawati, 1992; Aldridge, 1989). These results may explain the lack

Table 4
Change from baseline of the count of studied microorganisms and bacterial diversity between T0 and T1.

Change from baseline (T0 and T1/T2) Ceftriaxone group (n = 34) Cefotaxime group (n = 21) p-Value

Mean evolution of absolute diversity �0.03 � 1.2 �0.82 � 1.07 0.07
Enterobacteriaceae diversity �0.2 � 1.09 �1.05 � 1.88 0.19
Absolute abundance �0.77 � 1.99 �1.81 � 2.34 0.06
Enterobacteriaceae abundance �1.67 � 3.5 �1.06 � 0.88 0.98

Mean � standard deviation values.

Figure 3. Change in total cultivable counts of bacteria and counts of Enterobacteriaceae in patients receiving ceftriaxone (A) and those receiving cefotaxime (B).
Discussion

Ceftriaxone and cefotaxime are two widely prescribed 3GCs.
Ceftriaxone is easier to use in practice because it is administered
once a day and can be given subcutaneously, which is especially
useful in elderly patients, making it easier overall for outpatient
621
of difference between cefotaxime and ceftriaxone in the present
study. However, it should be noted that cefotaxime is used at daily
doses that are three times higher than those of ceftriaxone.

In addition, the impact of a given antibiotic on the gut
microbiota shows inter-individual variability. Léonard et al.
showed ceftriaxone to have varying effects on the fecal flora of
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olunteers. They demonstrated that the failure of ceftriaxone to
odify the fecal flora of some volunteers resulted from degrada-

ion of the antibiotic by β-lactamase-producing anaerobic bacteria
Léonard et al., 1989). It is therefore difficult to generalize the
mpact of a class of antibiotics on the digestive microbiota because
f the underestimated impact of the microbiota itself and
ndogenous beta-lactamase on the residual antibiotics present
n the digestive tract.

This study had several limitations. First, this was a single-center
tudy that included only a limited number of patients. Second, only
he cultivable microbiota was analyzed and a metagenomic
nalysis was not performed. Finally, patient monitoring was
imited in time, making it impossible to evaluate the respective
ong-term impacts of ceftriaxone and cefotaxime, and there was a
ack of fecal samples at T2 (17/34 in the ceftriaxone group and 13/
1 in the cefotaxime group). However, this is the first real-life study
ncluding hospitalized patients to directly compare the ecological
mpact of these two antibiotics, which are widely prescribed as
mpirical or definitive therapy. Previous studies of this issue have
ll had limitations. Grohs et al. evaluated hospital-wide replace-
ent of ceftriaxone with cefotaxime. In that study, the changes in
ractice were not limited to a change in prescription choice, but
ere part of an overall process to fight against the emergence of
esistance (hand hygiene, etc.) (Gauthier et al., 2014). De Lastours
t al. found that ceftriaxone promoted the emergence of AmpC-
verproducing Enterobacteriaceae in the gut microbiota of 15
ospitalized patients, but the comparator group was composed of
atients not receiving antibiotic therapy. Finally, a recently
ublished study on a cohort of healthy volunteers obtained results
imilar to ours (Burdet et al., 2019).
This study also had several strengths. A real-life prospective

tudy was conducted, using fresh stool samples, for which the
mpact at the individual and ward level was evaluated, making it
ossible to avoid certain confounding factors present in many
tudies, such as environmental pressure.
Further studies still need to be conducted to confirm that there

s no difference in the impact of these two antibiotics on the non-
ultivatable microbiota.
In conclusion, no significant difference was observed between

eftriaxone and cefotaxime in terms of the emergence of
esistance. Nonetheless, ceftriaxone has certain advantages over
efotaxime (subcutaneous and once-daily administration),
xplaining its special place in the therapeutic arsenal.
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