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a b s t r a c t 

Although the frequency of bone and joint infections caused by Enterobacter spp. is increasing, studies 

regarding the optimal antibiotic therapy are scarce. The objective of this retrospective study was to assess 

the clinical outcomes and safety of a fluoroquinolone–cotrimoxazole combination for the treatment of 

bone and joint infections caused by Enterobacter cloacae . Between 2010 and 2017, 30 patients with bone 

and joint infections caused by E. cloacae were treated with a fluoroquinolone–cotrimoxazole combination 

for 8–12 weeks. There were 26 cases (87%) of infection of an internal fixation device, two cases (6.6%) of 

pseudarthrosis with chronic osteomyelitis, and two cases (6.6%) of infection of knee and ankle prosthetic 

devices. The cure rate of the fluoroquinolone–cotrimoxazole combination was 80% by intention-to-treat 

analysis, with a mean follow-up of 29.3 ± 19.1 months. The fluoroquinolone–cotrimoxazole combination 

for 8–12 weeks is effective for the treatment of bone and joint infections caused by E. cloacae. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Enterobacter cloacae is ubiquitous in nature, present in both ter-

estrial and aquatic environments. It is a well-known nosocomial

athogen that tends to contaminate various medical devices. It

s now the most frequently observed clinical isolate among En-

erobacter spp. [1] . Furthermore, E. cloacae has an intrinsic re-

istance to ampicillin, amoxicillin, first-generation cephalosporins

nd cefoxitin due to the production of constitutive AmpC beta-

actamase. Treatment with third-generation cephalosporins may

elect for AmpC-overproducing mutants and is not recommended

s monotherapy [1,2] . The guidelines of the French Infectious Dis-

ases Society for osteoarticular infections on materials (prostheses,

mplants, osteosynthesis) recommend a beta-lactam (cefotaxime or

eftriaxone)– fluoroquinolone (ofloxacin or ciprofloxacin) combi- 

ation for Gram-negative bacilli (GNB) osteosynthesis infections

or 5–7 days, and then fluoroquinolone monotherapy in cases of
∗ Corresponding author. Address: Department of Internal Medicine, Infectious 

iseases and Clinical Immunology, CHU Robert Debré, Avenue du Général Koenig, 
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ow bacterial inoculum (absence of pus during intervention); for

NB prosthetic infections, the same combination therapy is rec-

mmended for 6–12 weeks [3] . In the latter case, simplification

ith fluoroquinolone is also possible in cases of low bacterial in-

culum. No specific recommendation is given for Group 3 GNB,

uch as Enterobacter spp. It is also recommended to seek the

dvice of an infectious diseases physician [3] . The guidelines of

he Infectious Diseases Society of America recommend treatment

ith cefepime 2 g/12 h or ertapenem 1 g/24 h for 4–6 weeks,

r ciprofloxacin as an alternative therapy, for prosthetic joint in-

ection by Enterobacter spp. [4] . However, both French and US

ecommendations are based on low-quality evidence [3,4] . Third-

eneration cephalosporins, cefepime and carbepenems are admin-

stered by the intravenous or intramuscular route. Carbepenems

re associated with high selective pressure for multi-resistant bac-

eria, and concerns about cefepime-induced neurotoxicity limit its

se [2] . 

Against this background, the objective of this retrospective

tudy was to evaluate the clinical outcomes and safety of a

uoroquinolone–cotrimoxazole combination for the treatment of 

one and joint infections caused by E. cloacae . 
rved. 
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89%. 
2. Materials and methods 

This retrospective cohort study was performed from January

2010 to March 2017 at the University Hospital of Reims, France.

Retrospective screening for adult patients with monomicrobial

E. cloacae bone and joint infections who received oral administra-

tion of a fluoroquinolone–cotrimoxazole combination was under-

taken. At least three samples were collected intra-operatively. 

Bone, prosthesis or internal fixation device infection was diag-

nosed by the presence of at least one of the following: productive

fistula, visible intra-operative purulence, and growth of the same

organism in two or more cultures from intra-operative tissue

or sonication fluid. E. cloacae was identified using Vitek2 cards

(bioMérieux, Marcy l’Etoile, France) until 2012, and thereafter

with the MALDI-TOF method (MALDI Biotyper, Bruker, Marne la

Vallee, France). Susceptibility results were determined and inter-

preted according to the recommendations of the French Society

for Microbiology and the European Committee on Antimicro-

bial Susceptibility Testing (CA-SFM/EUCAST), available at https:

//www.sfm-microbiologie.org/2019/01/07/casfm-eucast-2019/ . 

In patients with an internal fixation device, the device was

retained in cases of stable implant and adequate surgical de-

bridement and soft tissue coverage. The device was removed if

the bone was healed, and exchanged if the bone needed further

stabilization. At the study centre, piperacillin/tazobactam plus van-

comycin is the first-line antibiotic treatment before bacteriological

documentation. Fluoroquinolone–cotrimoxazole combination is

the first-line treatment of choice at the study centre in cases of

documentation of E. cloacae susceptible to both fluoroquinolone

and cotrimoxazole, with a three-fold objective: (1) to avoid the

use of beta-lactams and the associated risk of selection of AmpC-

overproducing mutants; (2) to enable oral administration; and

(3) to give antibiotics with high bone penetration. This combi-

nation is given orally after obtaining the bacteriological results

and after validation at the weekly multi-disciplinary consulta-

tion meeting (3–7 days after surgery). Blood tests including full

blood cell count, creatinine, alanine aminotransferase and aspar-

tate aminotransferase were performed every week during the

first month, and then every 2 weeks until the end of antibiotic

treatment. 

All patients’ records were discussed at the weekly multi-

disciplinary consultation meeting on osteoarticular infection at

Reims university hospital. Demographics, comorbidities, clinico-

pathological, microbiological and laboratory data were extracted

retrospectively from the Reims Hospital Patient Information

System. 

The primary outcome was the remission of symptoms and the

absence of failure during follow-up (1 year). Failure was defined as

the need for surgical revision and/or new bone antibiotic therapy

with or without microbiological confirmation of E. cloacae . 

3. Results 

Between 2010 and 2017, 38 patients had monomicrobial E. cloa-

cae bone and joint infections. Resistance to fluoroquinolone alone

was observed in two cases, resistance to cotrimoxazole alone was

observed in one case, and resistance to both fluoroquinolone and

cotrimoxazole was observed in three cases. Two patients with

E. cloacae susceptible to both fluoroquinolone and cotrimoxazole

were not treated with this combination because of previous known

intolerance to one of these two antibiotics. The characteristics and

outcome of the remaining 30 patients who were treated with this

combination are presented in Table 1 . Most (70%) patients were

men and the mean age was 55.5 [standard deviation (SD) 18.8]

years. Underlying comorbid conditions included high body mass
ndex ( > 25 kg/m 

2 ) (60%), diabetes mellitus (10%), chronic renal

ailure (10%) and occlusive peripheral arterial disease (6.7%). The

ean Charlson comorbidity index was 1.96 (SD 2.09) [5] . Four

atients (13%) had undergone surgery for infection previously. 

There were 26 (87%) cases of infection of an internal fixation

evice, two cases (6.6%) of pseudarthrosis with chronic osteomyeli-

is, and two (6.6%) cases of infection of knee and ankle prosthe-

es occurring 5 and 8 years after surgery. Removal of prostheses

as not performed at the onset of infection. The sinus tract was

resent in 14 cases (46.7%). Among the 26 cases with infection of

n internal fixation device, the mean time from surgery to diag-

osis of infection was 55.7 (SD 58.9) days. This time delay was

 30 days in 13 (50%) patients. Device removal and external fixa-

ion was performed in 11 cases, and one-stage exchange was per-

ormed in nine cases. In six cases, only debridement with lavage

as performed. 

At the time of diagnosis of infection, mean leukocyte count

nd C-reactive protein were 9244 (SD 3075)/mm3 and 48.4 (SD

9) mg/L, respectively. The mean number of intra-operative sam-

les positive for E. cloacae was 2.5 (SD 1.1). Only one patient with

nee prosthesis also had haematogenous infection with E. cloacae.

ll E. cloacae strains were wild type (intrinsic resistance to amox-

cillin, amoxicillin–clavulanic acid, first-generation cephalosporins

nd cefoxitin), with no resistance to other beta-lactams or

minoglycosides. 

Fluoroquinolone was given at doses of 60 0–80 0 mg daily for

floxacin, 1500 mg for ciprofloxacin, 10 0 0 mg for levofloxacin, and

400 mg/480 mg daily for sulfamethoxazole and trimethoprim, re-

pectively. For patients with chronic renal failure ( n = 3), antibiotic

osage was adjusted according to renal function. 

In patients with infection of an internal fixation device, the

ean duration of antibiotic therapy was 8.2 (SD 3.0) weeks in

atients with device removal and 9.7 (SD 2.9) weeks in those

ith one-stage exchange. Treatment duration was longer in pa-

ients with infection of an internal fixation device without device

emoval [11.7 (SD 0.2) weeks]. The duration of antibiotic therapy

as 8 and 16 weeks in the two patients with pseudarthrosis with

hronic osteomyelitis, and 12 weeks in the two patients with in-

ection of a knee/ankle prosthesis. 

The mean duration of follow-up was 29.3 (SD 19.1) months. All

atients had at least 1 year of follow-up, except for one patient

ho was lost to follow-up after 3 months. Among the intention-to-

reat population of 30 patients, the success rate was 80%. Among

he six patients considered as failures, one patient was lost to

ollow-up after 3 months without known recurrence of infection.

wo patients underwent further surgery and additional antibiotic

herapy in the first 3 months: one patient with pseudarthrosis

or debridement and removal of the internal fixation device, and

he other with an ankle prosthesis for removal of the implant.

. cloacae was not isolated at the time of surgery, but cultures

ere positive for Staphylococcus epidermidis in the patient with

seudarthrosis and Staphylococcus capitis in the patient with ankle

rosthesis. Three patients (10%) discontinued the antibiotic com-

ination between day 4 and day 16 due to side effects

fluoroquinolone-associated tendinopathy in one case, rash and

ever related to cotrimoxazole in the two other cases). The an-

ibiotic was successfully replaced by ceftriaxone 2 g/daily in the

ombination. Four patients (13.3%) presented anaemia ( n = 3) or

eucopenia ( n = 1), but none discontinued cotrimoxazole. Anaemia

ccurred at weeks 1, 7 and 10; nadir haemoglobin in these pa-

ients was 9.6, 9.8 and 10.6 g/dL. Leucopenia occurred at week 2

2800/mm 

3 ) and resolved after the dose of sulfamethoxazole and

rimethoprim was reduced to 1600 mg/320 mg daily. The success

ate in the patients who completed the antibiotic protocol was

https://www.sfm-microbiologie.org/2019/01/07/casfm-eucast-2019/
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Table 1 

Characteristics and outcome data of 30 patients with bone and joint infection caused by Enterobacter cloacae . 

Total n = 30 Duration of fluoroquinolone–cotrimoxazole, mean (SD) (weeks) 

Age, mean (SD), years 55.5 (18.8) 

Male sex 21 (70%) 

Body mass index, mean (SD), kg/m ² 29.1 (6.3) 

Diabetes 3 (10%) 

Chronic renal failure 3 (10%) 

Peripheral arterial occlusive disease 2 (6.7%) 

Infection of an internal fixation device 26 (87%) 

Removal of osteosynthesis device 11 8.2 (3.0) 

Removal of osteosynthesis device and one-stage exchange 9 9.7 (2.9) 

Debridement/lavage alone (no device removal) 6 11.7 (0.2) 

Pseudarthrosis with chronic osteomyeletis/debridement/lavage alone 2 (6.6%) 8 and 16 

Prosthesis/debridement/lavage alone 2 (6.6%) 12 

Number of intra-operative samples positive for E. cloacae, mean (SD) 2.5 (1.1) 

Duration of follow-up, mean (SD), months 29.3 (19.1) 

Follow-up < 1 year 1 (3.3) 

Early discontinuation of fluoroquinolone or cotrimoxazole for intolerance 3 (10%) 

Further surgery in the first 3 months follow-up 2 (6.6%) 

E. cloacae infection recurrence 0 

Outcome 

Cured per intention to treat 24 (80%) 

Cured per protocol 24 (89%) 

4
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. Discussion 

Although the frequency of bone and joint infections caused by

nterobacter spp. is increasing, studies regarding the optimal an-

ibiotic therapy are scarce [1,2,6–8] . In this study of 30 patients,

he cure rate of the fluoroquinolone–cotrimoxazole combination

as 80% by intention-to-treat analysis and 89% per protocol. More-

ver, no relapse of E. cloacae infection during the time of follow-up

as observed. 

Although not recommended as a primary treatment op-

ion for bone and joint infections caused by E. cloacae , the

uoroquinolone–cotrimoxazole combination presents numerous 

dvantages. Fluoroquinolones have a high bone penetration with

ustained activity against biofilm bacteria [9–13] . Furthermore,

hey have been independently associated with success in patients

ith early GNB acute prosthetic joint infection [12] . Although the

one penetration of cotrimoxazole is controversial, cotrimoxazole

lone at high dose or in combination with oral rifampin or line-

olid at standard dose has been shown to be effective in the treat-

ent of staphylococcal -infected bone and joint infections [14–18] .

n addition, both antibiotics could be taken orally, enabling rapid

mbulatory treatment and lower costs. 

The cure rate (80%) for 29.3 (SD 19.1) months of follow-up is

omparable to the data reported in the literature. However, pre-

ious studies reported antibiotic treatment of bone and joint in-

ections caused by GNB and not specifically those caused by En-

erobacter spp. In a study including 17 patients with early GNB

rosthetic joint infection who had been treated with prosthesis re-

ention and surgical debridement, and with an average of 40 days

range 9–79) of intravenous antibiotics (beta-lactam) followed by

ral antibiotic (fluoroquinolone) for a median of 12 months (range

–55), the 2-year success rate was 94% [11] . In a study including

6 patients with GNB prosthetic joint infections with a median of

0 days [interquartile range (IQR) 89–92] of antibiotic ther-

py including 36 days (IQR 14–90) of intravenous administra-

ion, the failure rate was 22.4% and 16.7% with and without

uoroquinolones, respectively. After implant removal, the respec-

ive failure rates were 23.3% and 9.1%. Of note, all of the pa-

ients who were not treated with fluoroquinolones received beta-

actams alone or associated with another antimicrobial agent for

 median of 90 days (IQR 88–93) [19] . In a study including

8 patients with GNB bone and joint infections treated with

 fluoroquinolone–cefepime combination, full recovery was ob-
erved in 79% of patients [20] . Cefepime was administrated in-

ravenously for a total of 4 weeks. The duration of fluoro-

uinolones was longer (3–9 months) [20] . As in the present

tudy, no selection of resistance to antibiotic treatment was

bserved. 

Tolerance could be the main limitation of the fluoroquinolone–

otrimoxazole combination, particularly due to side effects caused

y cotrimoxazole [16,18,21] . In the present study, a small propor-

ion of patients (10%) had to discontinue the combination treat-

ent, probably, in part, because the mean duration of antibiotic

herapy was less than 12 weeks. 

To the best of the authors’ knowledge, this is the largest co-

ort of bone and joint infections caused by E. cloacae with a

ong follow-up. However, the study has some limitations. It was

 single-centre, retrospective study with a small sample size, and

t included a heterogeneous group of patients with different types

f bone and joint infections. 

. Conclusion 

The fluoroquinolone–cotrimoxazole combination administered 

or 8–12 weeks appeared to be effective in the treatment of bone

nd joint infections caused by E. cloacae . No emergence of resis-

ance was observed. Furthermore, both antibiotics could be taken

rally, enabling rapid ambulatory treatment and lower costs. How-

ver, further, larger studies are required to confirm these findings. 
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