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Abstract

Cefoxitin is a beta-lactam antibiotic belonging to the cephamycins class, up to now only used in clinical practice for prophylaxis during surgery.
Recently, its use has increased due to the spread of infections caused by extended-spectrum beta-lactamase-producing bacteria, particularly
urinary tract infections. It has a broad antimicrobial spectrum and is also effective in polymicrobial bone and joint infections or skin and soft tissue
infections. Stability data allows its use as a continuous infusion in intensive care units or with elastomeric diffuser for outpatients. Cefoxitin is well
tolerated. The aim of this article was to highlight the interesting aspects of this old and inexpensive intravenous beta-lactam.
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Sefoksitin, sefamisin sinifina ait bir beta-laktam antibiyotiktir ve simdiye kadar klinik uygulamada sadece ameliyatlarda profilaksi amaciyla
kullaniimaktadir. Yakin zamanda, genislemis spektrumlu beta-laktamaz Ureten bakterilerin neden oldugu ozellikle idrar yolu enfeksiyonlari
gibi enfeksiyonlarin yayginlasmasi nedeniyle kullanimi artmistir. Genis bir antimikrobiyal spektruma sahiptir ve polimikrobiyal kemik ve eklem
enfeksiyonlari veya deri ve yumusak doku enfeksiyonlarinda da etkilidir. Stabilite verileri yogun bakim unitelerinde siirekli inflizyon olarak veya
ayakta tedavi goren hastalarda elastomerik diflizor ile kullanimina olanak saglamaktadir. Sefoksitin iyi tolere edilen bir antibiyotiktir. Bu makalenin
amaci, bu eski ve ucuz intravenoz beta-laktam antibiyotigin ilgi cekici yonlerini vurgulamaktir.

Anahtar Kelimeler: Sefamisinler, osteomiyelit, genislemis spektrumlu beta-laktamaz, siirekli inflizyon, enfeksiyon
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Introduction

Cefoxitin is a semi-synthetic beta-lactam antibiotic
belonging to the cephamycin class, derived from cephamycin
C, an antibacterial substance produced by Streptomyces
lactamduranst'. It is characterized by a 7 alpha-methoxy side
chainl®. It exerts its bactericidal activity by inhibiting bacterial
cell wall synthesis and is administered parenterally.

Cefoxitin was developed in the early 1970s and has several
interesting  features, including broader Gram-negative
coverage compared to cephalotinl34, better stability against
hydrolysis from various beta-lactamases such as penicillin
amido-beta-lactamhydrolase (EC 3.5.2.6)%¢ and activity
against anaerobes. Various clinical trials showed its efficacy
in lower respiratory tract infections, urinary tract infections,
intraabdominal infections, gynecologic infections, and
bacteremial*®, However, since 1979, cefoxitin was accused of
inducing resistance in Gram-negative bacilli; indeed, the use of
cefoxitin can lead to selection of a porin-deficient mutant of
Klebsiella pneumoniae producing a TEM-3 beta-lactamase®',
Soon after commercialization, it was replaced for most
indications by third-generation cephalosporins. For this reason,
the use of cefoxitin in clinical practice was also limited for
years to chemoprophylaxis in gastrointestinal surgery, due to its
activity against Enterobacteriaceae and anaerobes™. However,
there is now renewed interest in cefoxitin due to the increasing
rate of infections with extended-spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae.

The aim of this review was to highlight the interesting aspects
of this old and inexpensive intravenous beta-lactam.

Pharmacokinetics/Pharmacodynamics (PK/PD)

Dose

Standard cefoxitin dose is 1-2 g every eight hours, i.e. 3-6 g
per day. This dose must be adjusted in cases of renal failure to
1-2 g every 8-12 hours for creatinine clearance of 30-50 ml/
min, 1-2 g every 12-24 hours for creatinine clearance of 10-
30 ml/min, 0.5-1 g every 12-24 hours for creatinine clearance
of 5-10 ml/min, and 0.5-1 g every 24-48 hours for creatinine
clearance lower than 5 ml/min. For patients in hemodialysis, the
recommended dose is 0.5-1 g every 24-48 hours or 1-2 g after
each dialysis. For patients under continuous renal replacement
therapies, the recommended dose is 1-2 g every 8-12 hours!'Z,

Obesity

Cefoxitin use in obese people requires a higher dose. Various
studies showed insufficient concentrations in fat when
cefoxitin is used as prophylaxis in bariatric surgery. In a study by
Toma et al."®, adipose tissue cefoxitin concentrations in obese
patients undergoing abdominal and pelvic surgery were below

the minimum inhibitory concentration (MIC) despite giving
twice the normal dose. Similarly, Brunetti et al." reported that
subcutaneous adipose tissue concentrations of cefoxitin at the
time of surgical closure were subtherapeutic in six patients
undergoing sleeve gastrectomy. Moine showed that a single
dose of cefoxitin at 40 mg/kg failed to achieve the desired
probability of target attainment in fat tissue for Staphylococcus
aureus, Escherichia coli, and Bacteroides fragilis over 4-h
periods postdose!™. In bariatric surgery, a starting dose of 4 g
is recommended instead of 2 g for people weighing more than
100 kg!'®. Data for other surgery types do not exist.

Distribution

In healthy volunteers, the terminal elimination half-life is 45
minutes', Plasma protein binding accounts for 65 to 80%,
and cefoxitin is eliminated by the kidney as unchanged drug.
Cefoxitin diffusion is fast in fluid compartments but poor in
brain, which is why cefoxitin is not indicated for neurologic
infection™. Indeed, the degree of penetration of cefoxitin
approaches 10% in aseptic meningitisl'”l. Bone diffusion is
similar to that of other cephalosporins such as cefazolin or
ceftriaxonel’®. Cefoxitin concentrations measured in bone and
synovial fluid one hour after administration achieve 20% of the
serum levell’®2, In colonic tissue, a study on cefoxitin used in
colorectal cancer surgery prophylaxis showed that an infusion
of 2 g given one hour before incision is required to achieve
free plasma concentrations above 8 mg/l (the concentration
threshold for susceptible bacteria)®!,

Administration

Cefoxitin is compatible with the following solutions: NaCl 0.9%,
glucose 5% and 10%, and sterile watert'?,

Pharmacodynamics

Cefoxitin is a time-dependent antibiotic. Various studies have
shown that cefoxitin is stable for at least 24 h at 24 °CRz24,
allowing its administration as continuous infusion. A study of
cefoxitin in the treatment of urinary tract infections due to
ESBL-producing E. coli showed that only prolonged infusions of
4 hours could achieve free cefoxitin concentrations above the
MIC or 4xMIC during 100% of the administration interval with
76% and 68% probability, respectively, whereas continuous
infusion provided 100% probability of achieving MIC and
4xMICP9. Another controlled trial with one hundred sixteen
adults showed a reduction of postoperative infections after
colorectal surgery with continuous infusion (over 20 hours)
versus intermittent infusion (every eight hours)?9,

Potential Use in Outpatient Settings

Stability data allow the use of cefoxitin as a continuous infusion
at home with an elastomeric diffuser, an interesting feature
that can reduce hospital length of stay. Elastomeric infusers are
devices where the fill volume of the drug reservoir and the flow
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rate are preset. The elastomer, which makes up the reservoir
walls, is what makes the infusate flow due to the pressure it
exerts. Those made of polyisoprene are superior to silicone for
constant and stable infusion because the relaxation time is
shorter and does not significantly impact infusion kinetics?”.
The following elastomeric pumps may be used in this setting:
LV10® (Baxter), Easypump® 1l (Braun), DOSI-FUSER® (Asept
Inmed), and Accufuser® (Vygon).

Serum cefoxitin level measurement

The measurement of cefoxitin levels in serum is possible by
liquid chromatography/high-resolution mass spectrometry. This
is of interest in terms of continuous infusion.

Antimicrobial Spectrum

Cefoxitin has a broad antimicrobial spectrum relative to second-
generation cephalosporins. Bacterial susceptibility data for
cefoxitin are shown in Table 102, Cefoxitin is also used for the
treatment of Mycobacterium abscessust™. MIC distributions of
main bacteria are shown in Table 2129,

In microbiological laboratories, cefoxitin may be used to
detect methicillin resistance in staphylococci. Indeed, in vitro,
cefoxitin is a better predictor of methicillin-resistance than
oxacillin. Staphylococcal isolates that are resistant to cefoxitin
are considered resistant to all beta-lactam antibiotics (except
ceftaroline and ceftobiprole). Cefoxitin clinical breakpoints
are presented in Table 3; for other susceptible bacteria such as
streptococci, there is no defined cut-offf?8-30,

Table 1. Cefoxitin susceptibility data of main bacteria

A substantial proportion of ESBL-producing Enterobacteriaceae
(E. coli, K. pneumoniae, mainly producing TEM, CTX-M or SHV
beta-lactamases) remains susceptible to cefoxitin®" and this
allows clinicians to avoid the use of carbapenems in these
cases. However, when clinicians consider using this molecule
for antimicrobial therapy, the cefoxitin MIC should be measured
precisely before administration. Some studies reported that
cefoxitin could induce resistance in Gram-negative bacilli, for
example by inducing beta-lactamases or impermeability by
selecting mutants with modified porins®'°32,

Cefoxitin is licensed for prophylaxis of postoperative infection
and treatment of infection due to susceptible bacteria, except
in meningitis'?, Main clinical trials are shown in Table 4. One
of the first clinical trials, published in 1977, was performed
on 143 patients treated with cefoxitin in two phases, the first
was randomized while the second was an open trial. Infections
were due to various bacterial species including staphylococci,
streptococci, and Gram-negative bacilli and were mainly
skin and soft tissue infections, pneumonia, and urinary tract
infections. The rate of cure or improvement was 93% (of note,
20 of these patients had bacteremia including three with
endocarditis) with a clinical success amounting to 95%®. A
review of clinical studies performed on 657 patients showed a
cure rate of 69% and improvement in 92% of patients with
various infections such as lower respiratory tract infections,
urinary tract infections, intraabdominal infections, gynecologic
infections, and bacteremial®.

Susceptible pathogens

Resistant pathogens

isolates)
Streptococcus pneumoniae
Streptococcus spp.

Gram-positive bacteria

Staphylococcus spp. (methicillin-susceptible

Staphylococcus spp. (methicillin-resistant isolates)
Enterococcus spp.
Listeria monocytogenes

Branhamella catarrhalis
Citrobacter koseri
Escherichia coli
Haemophilus influenzae
Klebsiella spp.
Morganella morganii
Neisseria gonorrhoeae
Proteus spp.

Providencia spp.
Salmonella spp.

Shigella spp.

Gram-negative bacteria

Acinetobacter spp.
Burkholderia cepacia
Campylobacter spp.
Citrobacter freundii
Enterobacter spp.
Legionella

Pseudomonas aeruginosa
Serratia marcescens
Stenotrophomonas spp.
Yersinia enterocolitica

Actinomyces spp.
Bacteroides spp.
Clostridium perfringens
Fusobacterium spp.
Peptostreptococcus spp.
Prevotella
Propionibacterium acnes
Veillonella spp.

Anaerobic bacteria

Clostridium difficile

Intracellular

Chlamydia spp.
Mycoplasma spp.
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Table 2. Cefoxitin minimum inhibitory concentration Table 2. Continued
distributions of main bacterial?®!
MIC 50 MIC 90 Morganella morganii 8 32
(mg/L) (mg/L) Prevotella spp. 2 16
Acinetobacter baumannii 64 64 Proteus mirabilis 4 4
Acinetobacter Iwoffii 32 64 Proteus vulgaris 4 8
Acinetobacter spp. 64 64 Providencia rettgeri 2 32
Bacteroides fragilis 8 32 Providencia stuartii 2 32
Bacteroides fragilis group 16 64 Salmonella enteritidis 2 4
Bacteroides ovatus 32 128 Salmonella spp. 2 8
Bacteroides thetaiotaomicron 16 64 Salmonella typhi 2 4
Bacteroides vulgatus 16 128 Salmonella typhimurium 2 8
Citrobacter freundii 64 64 Serratia marcescens 16 64
Citrobacter koseri 2 8 Serratia spp. 32 128
Citrobacter spp. 64 64 Shigella flexneri 4 4
Enterobacter aerogenes 64 128 Shigella sonnei 2 4
Staphylococcus aureus 2 4
Enterobacter cloacae 64 256
. ) Staphylococcus aureus
Escherichia coli 4 8 methicillin-resistant 32 128
Haemophilus influenzae 2 4 Staphylococcus aureus . .
Hafnia alvei 8 32 methicillin-susceptible
Klebsiella oxytoca ) 8 Staphylococcus lugdunensis 2 4
Kiebsiella pneumoniac 4 16 Staphylococcus saprophyticus 4 8

MIC: Minimum inhibitory concentration

Table 3. Cefoxitin clinical breakpoints according to the 2018 guidelines of the Antibiogram Committee of the French Society
for Microbiology, the European Committee on Antimicrobial Susceptibility Testing, and Clinical and Laboratory Standards

Institute
CA-SFM [ EUCAST CLSI
MIC breakpoint (mg/L) %?en:kgi:irr:‘tefﬁirm)a MIC breakpoint (mg/L) (Zlggjf):“a"‘et” breakpoint
Susceptible | Resistant | Susceptible | Resistant | Susceptible | Resistant | Susceptible | Resistant
if < if > if < if > if < if > if < if >
Enterobacteriaceae 8 16 19 15 8 16 18 15
i e L L e R
Sy O - :
Staphylococcus epidermidis® - - 28 28 - - - -
Others coagulase-negative _ _ 29 22 _ B 95 25
staphylococci
Neisseria gonorrhoeae - - - - 2 4 28 24
Anaerobes - 32 - - 16 32 - -
Mycobacterium abscessus - - - - 16 - - -

Disk content 30 ug.

*For staphylococci, the disk diffusion test using cefoxitin allows to predict methicillin resistance. For staphylococci other than S. aureus, S. lugdunensis and S. saprophyticus, the
cefoxitin minimum inhibitory concentration is a poorer predictor of methicillin resistance than the disk diffusion test.
CA-SFM: Antibiogram Committee of the French Society for Microbiology, EUCAST: European Committee on Antimicrobial Susceptibility Testing, CLSI: Clinical and Laboratory

Standards Institute
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Table 4. Main clinical trials of cefoxitin

Rate of
Year | Author Type of study N:tri“el:net; of Type of infection cure or
p improvement
Phase 1: randomized
1977 | McCloskey® controll'ed trial 143 Skin and soft tissue infections, pneumonia, urinary 93%
Phase 2: prospective cohort tract infections
study
1979 | Jacobson et al.l*® Prospective cohort study 26 children | Cellulitis, pneumonia, bone and joint infection 100%
Lower respiratory tract infections, urinary tract 699% cure
1979 | Neu et al. Prospective cohort study 657 infections, intraabdominal infections, gynecologic 92%
infections and bacteremia improvement
1979 | Neu et al. Randomized controlled trial | 320 Various 91%
1979 | Perkins et al.*4 Prospective cohort study 27 Skin and S.O].Ct tissue infections (including 3 93%
osteomyelitis)
Schurman and . . Infections of bone, joint or muscle and tendon o
1979 Dillingham®?! Retrospective series 77 (including 15 bone and joint infections) 84%
1979 | Webb et al.l® Prospective cohort study 30 Endocarditis, lung abscess, empyema, liver and 93%
subhepatic abscess, osteomyelitis, pancreatic abscess
1980 | Feldman et al.l"”! Prospective cohort study 32 children | Cellulitis, abscess, arthritis, bacteremia 89%
1996 | Stiglmayer et al.’? | Randomized controlled trial | 76 Pelvic inflammatory disease 79%
- - - - - o
1997 Erstad an[ge] Randomized controlled trial 18 Diabetic qut infection (including 28% with 39%
Mclntyre osteomyelitis)
1997 f—leanr]rsiglér?[g? Randomized controlled trial | 93 Pelvic inflammatory disease 68%
2000 | Talan et al.l"! Randomized controlled trial | 63 Skin and soft tissue abscess 949%
2009 | Jeon et al.*d Retrospective series 65 m)’;‘;‘;ﬁade”um abscesses in lung disease of cystic 83%
2016 | Mambie et al.“! Prospective cohort study 15 ESBL urinary tract infection 100%
2015 | Kernéis et al 27 Retrospective series 33 ESBL urinary tract |_nfect|0n and catheter-related 91%
bloodstream infections
2018 | Demonchy et al.’ | Prospective cohort study 23 ESBL prostatitis 83%

ESBL: Extended-spectrum beta-lactamase

Another review of comparative studies showed that cefoxitin
was as efficient as cephalothin for the treatment of serious
infections, with overall cure/improvement rates of 93% for
cephalothin versus 91% for cefoxitinl®,

ESBL Infections

Infection with ESBL-producing Enterobacteriaceae (E-ESBL) has
been an emergent public health concern since the 1990sP*%,
The most common E-ESBL are E. coli and K. pneumoniae. One of
the first studies was performed with the cephamycin flomoxef,
whose use in ESBL-producing K. pneumoniae bacteremia
showed non-inferiority to carbapenem®. In a murine model
of E-ESBL urinary tract infection, cefoxitin was shown not
significantly different from carbapenems regarding bactericidal
activity (significant reduction in bacterial counts greater than
2 log10 CFU in kidney and bladder) or selection of resistant
mutantsPY. Kernéis et al.P” studied 33 patients infected with
E-ESBL (including 16 patients with bacteremia) with unreported
disease severity (mainly urinary tract infections), and reported

favorable clinical outcomes in 91% and microbiological cure
in 70%. However, emergence of K. pneumoniae resistance to
cefoxitin was observed in two patients with microbiological
relapse. In a retrospective study of 53 patients with E-ESBL
bloodstream and/or urinary tract infections, the rate of clinical
or microbiological relapse did not differ between carbapenems
or alternative antibiotics (mainly cefoxitin), but relapses were
more frequent with K. pneumoniaeP®., Cefoxitin is particularly
interesting in urinary tract infections because of its high urinary
concentrations!'?. Various studies confirmed that cefoxitin is an
efficient alternative to carbapenems in urinary tract infections
due to E-ESBLP*# Nevertheless, a meta-analysis of studies
performed in E-ESBL bacteremia showed that mortality was
significantly lower in both carbapenem-treated and beta-
lactam/beta lactam inhibitor-treated patients when compared
with cefoxitin, thus casting doubt on its efficacy in this setting
(although the latter group was not exclusively composed of
cefoxitin-treated patients)*'. Carbapenem may remain the
reference treatment in E-ESBL bacteremia, in keeping with the
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results of the recent MERINO trial, which identified greater
mortality in patients with E-ESBL bacteremia treated with
piperacillin-tazobactam as compared to carbapenem®?. Even
if an isolate is reported susceptible to cefoxitin, this molecule
must be used carefully and its efficiency in bacteremia remains
to be evaluated.

Pharmacodynamic optimization is critical when ftreating
E-ESBL-infected patients in order to achieve effective blood
concentrations. A recent pharmacological simulation study
showed that continuous infusion of 8 g cefoxitin daily was the
was the only regimen able to achieve levels consistently above
the MIC in all patients with normal renal function (assuming a
theoretical MIC of 8 mg/L), while bolus and extended perfusion
were less effective®., To date, there are no published data on
cefoxitin PK/PD in intensive care unit patients, where the need
to spare carbapenem is of utmost importance, and increased
distribution volume in severe septic patients presents a challenge
to achieving effective cefoxitin concentration. Continuous
infusion may well be an optimal mode of administration in this
setting.

Polymicrobial Bone and Joint Infections (BJI)

There are few studies about the use of cefoxitin in BJI. In a
study by Webb et al™! including 30 patients with various
infections treated with cefoxitin, there were three cases of
osteomyelitis: one mandibular BJI due to Bacteroides fragilis
and Streptococcus treated with 8 g of cefoxitin over 26 days in
conjunction with incision and debridement; another mandibular
BJI due to several Bacteroides species treated with 8 g of
cefoxitin over 16 days along with incision and debridement;
and one gangrene of toe with osteomyelitis of the phalanx
due to Bacteroides corrodens and Proteus vulgaris treated
by 8 g of cefoxitin over 17 days with toe resection. Of the 30
patients, clinical failure occurred only in the two patients with
mandibular osteomyelitis. Perkins et al.*l presented 27 skin
and soft tissue infections, including three diabetics with foot
ulcers and contiguous osteomyelitis. Organisms isolated from
these patients were S. aureus, Streptococcus, Staphylococcus
epidermidis and Peptococcusspecies in one patient, Peptococcus
species, fFusobacterium nucleatum and S. epidermidis in the
second, and E. coli, B. fragilis, and Peptococcus species in the
third. They were treated with cefoxitin for 21-40 days. Two
patients received follow-up therapy, one with oral cephalexin
and one with oral penicillin V, and one required repeated
drainage; all three patients with osteomyelitis were cured®.
Schurman and Dillingham! presented a study of 47 patients
treated by cefoxitin in an orthopedic ward: there were three
orthopedic implant-related infections (all with removal of the
prosthesis), five joint infections (with local debridement or joint
aspiration) and nine bone infections. Doses ranged from 6 to
10 g per day and the mean treatment duration ranged from

13.8+4.5 days for acute joint infection to 20.7+11.5 days for
acute bone infection. The cure rate for the 15 BJI evaluated was
73%. With regards to diabetic foot, a review identified a clinical
trial with 18 patients with diabetic foot infection treated by
cefoxitin (including 28% with osteomyelitis) compared to 18
patients treated by ampicillin-sulbactam (including 44% with
osteomyelitis), and the cure rate was significantly higher with
cefoxitin (39%) than with ampicillin-sulbactam (6%)4e!,

The results obtained with cefoxitin are similar to those obtained
with the cephamycin-related moxalactam. Fitzgerald“” showed
a good penetration of moxalactam in normal and osteomyelitic
bone in dog, with calculated concentrations of moxalactam in
the interstitial fluid space equivalent to simultaneously obtained
serum concentrations. In a study of 3358 patients treated with
moxalactam, there were 122 BJI (including 92 osteomyelitis
and 19 septic arthritis): bacterial agents were S. aureus (38),
Pseudomonas spp. (24), Serratia spp. (16), Proteus spp. (14), E.
coli (10), Enterobacter spp.l'®. The patients were treated with
1-2 g moxalactam every eight hours for four-six weeks and the
cure rate was 9008,

When used in an antibiotic-releasing implant coating, there
is a negative effect on osteoblast-like cells compared to other
antibiotics in various families*?,

Skin and Soft Tissue Infection

The study of 27 skin and soft tissue infections showed that
cefoxitin provided a cure rate of 93%M“%. In a clinical trial
including 63 patients with skin and soft tissue abscess, cefoxitin
was shown to be equivalent to ampicillin-sulbactam, with cure
or improvement rates of 93.6% vs. 89.8%, respectively,

Other Infections

Cefoxitin is used in the treatment of intraabdominal infections
and showed various results in clinical trials. For the treatment
of pelvic inflammatory disease, cefoxitin was equivalent to
ampicillin-sulbactam in one study (93 women with cure and
improvement rates of 68% and 24% for cefoxitin versus
67% and 30% for ampicillin-sulbactam, respectively)®" and
bacteriologically inferior but clinically equivalent in another
(76 women with cure rate of 79% for cefoxitin versus 87%
for ampicillin-sulbactam but persistence of the causative
organism in 12% and 3%, respectively)®?. Cefoxitin was inferior
to ampicillin-sulbactam in the treatment of intraabdominal
infections in a study of 197 patients that showed approximately
9% greater frequency of failure with cefoxitin relative to
ampicillin-sulbactam®3,

Cefoxitin is also part of multitherapy used in the treatment
of infection due to Mycobacterium abscessus, especially in
lung disease of cystic fibrosis. A study of 65 patients treated
by cefoxitin in association with clarithromycin, ciprofloxacin,
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doxycycline, and amikacin showed treatment response rates
of 83% for symptoms and 749% for high-resolution computed
tomography, but a very high rate of side effects (with 60%
cefoxitin discontinuation) due to high posology of cefoxitin,
up to 12 g per day®. Cefoxitin is also used for treatment of
prosthetic joint infection due to M. abscessus®.

In children, cefoxitin showed good efficacy in cellulitis,
pneumonia, BJI, abscess, and bacteremia due to S. aureus,
Haemophilus influenza, and Streptococcus pneumoniael®®7,

Prophylaxis

Cefoxitin is one of the recommended antibiotics for prophylaxis
during surgery, in particular for biliary tract, small intestine,
colorectal, or gynecological surgery(". A prospective and
randomized quality control study in 422 patients showed
that cefoxitin was equivalent to ampicillin-sulbactam and
piperacillin-metronidazole in elective colorectal surgery®®!,

Adverse Effects

Adverse effects during cefoxitin treatment are rare. Cross-
reactivity has been described between cephamycins and others
beta-lactam antibiotics but allergic reactions seem uncommon
and mild in severity®. Other described adverse events are local
reaction (thrombophlebitis, pain, local induration), allergic
reaction (rash, itching, fever), gastrointestinal disorder (nausea,
vomiting, pseudomembranous colitis), hematologic disorder
(eosinophilia, leucopenia, anemia), hepatic disorder, and renal
disorder'?. The seminal study published in 1977 on 143 patients
identified the following rates of adverse events: eruption
1.4%, hepatic toxicity 2%, leucopenia 2%, eosinophilia 2.5%,
and thrombophlebitis at injection site 5%, Another study of
cefoxitin administered at doses of up to 12 g per day in cystic
fibrosis patients infected by M. abscessus identified a 60%
rate of treatment interruption with 51% of patients having
neutropenia, 6% thrombopenia, and 15% hepatic toxicity®.

As cephalosporins, cefoxitin can be responsible for Clostridium
difficile-associated disease®.

There is no study concerning pregnancy but there are no known
teratogenic effects of cefoxitin. Of note, cefoxitin is excreted in
breast milk!'2.

Cefoxitin is an old and inexpensive intravenous beta-lactam, up
to now neglected but with interesting properties, even if it is
not available in all countries. Its broad spectrum is interesting,
specifically in BJI or skin and soft tissue infections. Considering
the emergence of E-ESBL infections, cefoxitin is an alternative
to carbapenems, although efficacy data in patients with
bacteremia are lacking. Moreover, cefoxitin stability allows its

use in continuous infusion, including in elastomeric diffusers in
the outpatient setting. Finally, cefoxitin appears extremely well
tolerated.

Ethics
Peer-review: Externally and internally peer-reviewed.
Authorship Contributions

Surgical and Medical Practices: T.F, J.C.R.,, C.D., Concept: TF,
Design: T.F, Data Collection or Processing: Z.C., E.D., Analysis or
Interpretation: J.C.R., C.D., Literature Search: Z.C., FED., Writing:
Z.C., FD.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Brumfitt W, Kosmidis J, Hamilton-Miller JM, Gilchrist JN. Cefoxitin
and cephalothin: antimicrobial activity, human pharmacokinetics, and
toxicology. Antimicrob Agents Chemother. 1974;6:290-9.

2. Daoust DR, Onishi HR, Wallick H, Hendlin D, Stapley EO. Cephamycins, a new
family of beta-lactam antibiotics: antibacterial activity and resistance to
beta-lactamase degradation. Antimicrob Agents Chemother. 1973;3:254-
61.

3. Miller AK, Celozzi E, Kong Y, Pelak BA, Hendlin D, Stapley EO. Cefoxitin, a
semisynthetic cephamycin antibiotic: in vivo evaluation. Antimicrob Agents
Chemother. 1974;5:33-7.

4. Neu HC. Comparative studies of cefoxitin and cephalothin: an overview. Rev
Infect Dis. 1979;1:144-51.

5. Mahoney DF, Koppel GA, Turner JR. Substrate inhibition of beta-lactamases,
a method for predicting enzymatic stability of cephalosporins. Antimicrob
Agents Chemother. 1976;10:470-5.

6. Onishi HR, Daoust DR, Zimmerman SB, Hendlin D, Stapley EO. Cefoxitin,
a semisynthetic cephamycin antibiotic: resistance to beta-lactamase
inactivation. Antimicrob Agents Chemother. 1974;5:38-48.

7. Hamilton-Miller JM, Brumfitt W. Cephamycins: a review, prospects and
some original observations. Infection. 1975;3:183-8.

8. McCloskey RV. Results of a clinical trial of cefoxitin, a new cephamycin
antibiotic. Antimicrob Agents Chemother. 1977;12:636-41.

9. Pangon B, Bizet C, Buré A, Pichon F, Philippon A, Regnier B, Gutmann L.
In vivo selection of a cephamycin-resistant, porin-deficient mutant of
Klebsiella pneumoniae producing a TEM-3 beta-lactamase. J Infect Dis.
1989;159:1005-6.

10. Martinez-Martinez L, Hernandez-Allés S, Alberti S, Tomas JM, Benedi
VJ, Jacoby GA. In vivo selection of porin-deficient mutants of Klebsiella
pneumoniae with increased resistance to cefoxitin and expanded-
spectrum-cephalosporins. Antimicrob Agents Chemother. 1996;40:342-8.

11. American Society of Health-System Pharmacists (ASHP). Clinical
Practice Guidelines for Antimicrobial Prophylaxis in Surgery. 2013.
Last accessed date: 01.11.2018. Available from: https://[www.ashp.
org/-/media/assets/policy-guidelines/docs/therapeutic-guidelines/
therapeutic-guidelines-antimicrobial-prophylaxis-surgery.
ashx?la=entthash=A15B4714417A51A03E5BDCAC150B94EAF899D49B



Cavalli et al.
Cefoxitin: Interesting Perspectives

Mediterr J Infect Microb Antimicrob
2018;7:36

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Cefoxitin - FDA prescribing information, side effects and uses. Last accessed

date: 01.11.2018. Available from: https://www.drugs.com/pro/cefoxitin.html

. Toma O, Suntrup P, Stefanescu A, London A, Mutch M, Kharasch E.

Pharmacokinetics and tissue penetration of cefoxitin in obesity: implications
for risk of surgical site infection. Anesth Analg. 2011;113:730-7.

. Brunetti L, Kagan L, Forrester G, Aleksunes LM, Lin H, Buyske S, Nahass

RG. Cefoxitin Plasma and Subcutaneous Adipose Tissue Concentration in
Patients Undergoing Sleeve Gastrectomy. Clin Ther. 2016;38:204-10.

. Moine P, Mueller SW, Schoen JA, Rothchild KB, Fish DN. Pharmacokinetic

and Pharmacodynamic Evaluation of a Weight-Based Dosing Regimen of
Cefoxitin for Perioperative Surgical Prophylaxis in Obese and Morbidly
Obese Patients. Antimicrob Agents Chemother. 2016;60:5885-93.

. Société Francaise d'Anesthésie et de Réanimation. Antibioprophylaxie

en chirurgie et médecine interventionnelle. 2017. Last accessed date:
01.11.2018. Available from: http://sfar.org/wp-content/uploads/2017/09/
Antibioprophylaxie-version-2017-CRC_CA_MODIF.pdf

. Humbert G, Leroy A, Rogez JP, Cherubin C. Cefoxitin concentrations in

the cerebrospinal fluids of patients with meningitis. Antimicrob Agents
Chemother. 1980;17:675-8.

. Williams DN, Gustilo RB, Beverly R, Kind AC. Bone and serum concentrations

of five cephalosporin drugs. Relevance to prophylaxis and treatment in
orthopedic surgery. Clin Orthop Relat Res. 1983;253-65.

. Schurman DJ, Burton DS, Kajiyama G. Cefoxitin antibiotic concentration in

bone and synovial fluid. Clin Orthop Relat Res. 1982;64-8.

Summersgill JT, Schupp LG, Raff MJ. Comparative penetration of
metronidazole, clindamycin, chloramphenicol, cefoxitin, ticarcillin, and
moxalactam into bone. Antimicrob Agents Chemother. 1982;21:601-3.

Isla A, Troconiz IF, de Tejada IL, Vazquez S, Canut A, Lopez JM, Solinis
MA, Rodriguez Gascon A. Population pharmacokinetics of prophylactic
cefoxitin in patients undergoing colorectal surgery. Eur J Clin Pharmacol.
2012;68:735-45.

Das Gupta V, Stewart KR. Stability of cefamandole nafate and cefoxitin
sodium solutions. Am J Hosp Pharm. 1981;38:875-9.

Stiles ML, Tu YH, Allen LV. Stability of cefazolin sodium, cefoxitin sodium,
ceftazidime, and penicillin G sodium in portable pump reservoirs. Am J Hosp
Pharm. 1989:46:1408-12.

Bosso JA, Townsend RJ. Stability of clindamycin phosphate and ceftizoxime
sodium, cefoxitin sodium, cefamandole nafate, or cefazolin sodium in two
intravenous solutions. Am J Hosp Pharm. 1985;42:2211-4.

Guet-Revillet H, Emirian A, Groh M, Nebbad-Lechani B, Weiss E, Join-
Lambert O, Bille E, Jullien V, Zahar JR. Pharmacological study of cefoxitin
as an alternative antibiotic therapy to carbapenems in treatment of
urinary tract infections due to extended-spectrum-fB-lactamase-producing
Escherichia coli. Antimicrob Agents Chemother. 2014;58:4899-901.

Suffoletta TJ, Jennings HR, Oh JJ, Stephens D, Poe KL. Continuous versus
intermittent infusion of prophylactic cefoxitin after colorectal surgery: a
pilot study. Pharmacotherapy. 2008;28:1133-9.

Guiffant G, Durussel JJ, Flaud P, Vigier JP, Dupont C, Bourget P, Merckx
J. Mechanical performances of elastomers used in diffusers. Med Devices
(Auckl). 2011;4:71-6.

European Committee on Antimicrobial Susceptibility Testing (EUCAST). The
European Committee on Antimicrobial Susceptibility Testing. Breakpoint
tables for interpretation of MICs and zone diameters. Version 8.0. 2018.
Last accessed date: 01.11.2018. Available from: http://www.eucast.org.

Soci¢té Francaise de Microbiologie. Comité de I'Antibiogramme de la
Société Francaise de Microbiologie. 2017. Last accessed date: 01.11.2018.
Available from: http://www.sfm-microbiologie.org/UserFiles/files/casfm/
CASFM0%20V2_0_Mai2017.pdf

Clinical and Laboratory Standards Institute (CLSI). Performance Standards
for Antimicrobial Susceptibility Testing. 27th edition. 2017. Available from:
https://clsi.org/media/1469/m100s27_sample.pdf

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Lepeule R, Ruppé E, Le P, Massias L, Chau F, Nucci A, Lefort A, Fantin B.
Cefoxitin as an alternative to carbapenems in a murine model of urinary
tract infection due to Escherichia coli harboring CTX-M-15-type extended-
spectrum pB-lactamase. Antimicrob Agents Chemother. 2012;56:1376-81.

Sanders CC, Sanders WE. Emergence of resistance to cefamandole: possible
role of cefoxitin-inducible beta-lactamases. Antimicrob Agents Chemother.
1979;15:792-7.

Neu HC. Cefoxitin: an overview of clinical studies in the United States. Rev
Infect Dis. 1979;1:233-9.

European Center for Disease prevention and Control (ECDC). Antimicrobial
resistance surveillance in Europe. 2016. Last accessed date: 01.11.2018.
Available from: https://ecdc.europa.eu/sites/portal/files/documents/AMR-
surveillance-Europe-2016.pdf

Nordmann P, Naas T, Poirel L. Global spread of Carbapenemase-producing
Enterobacteriaceae. Emerg Infect Dis. 2011;17:1791-8.

Lee CH, Su LH, Tang YF, Liu JW. Treatment of ESBL-producing Klebsiella
pneumoniae bacteraemia with carbapenems or flomoxef: a retrospective
study and laboratory analysis of the isolates. J Antimicrob Chemother.
2006;58:1074-7.

Kernéis S, Valade S, Geri G, Compain F, Lavollay M, Rostane H, Carbonnelle
E, Mainardi JL. Cefoxitin as a carbapenem-sparing antibiotic for infections
caused by extended-spectrum beta-lactamase-producing Escherichia coli
and Klebsiella pneumoniae. Infect Dis Lond Engl. 2015;47:789-95.

Pilmis B, Parize P, Zahar JR, Lortholary O. Alternatives to carbapenems
for infections caused by ESBL-producing Enterobacteriaceae. Eur J Clin
Microbiol Infect Dis Off Publ Eur Soc Clin Microbiol. 2014;33:1263-5.

Demonchy E, Courjon J, Ughetto E, Durand M, Risso K, Garraffo R, Roger PM.
Cefoxitin-based antibiotic therapy for ESBL-producing Enterobacteriaceae
prostatitis: a prospective pilot-study. Int J Antimicrob Agents. 2018;51:836-41.

Mambie A, Vuotto F, Poitrenaud D, Weyrich P, Cannesson O, Dessein R, Faure
K, Guery B, Galpérine T. Cefoxitin: An alternative to carbapenems in urinary
tract infections due to extended-spectrum beta-lactamase-producing
Enterobacteriaceae. Med Mal Infect. 2016;46:215-9.

Vardakas KZ, Tansarli GS, Rafailidis PI, Falagas ME. Carbapenems
versus alternative antibiotics for the treatment of bacteraemia due
to Enterobacteriaceae producing extended-spectrum (-lactamases:
a systematic review and meta-analysis. J Antimicrob Chemother.
2012;67:2793-803.

Harris PN, Peleg AY, Iredell J, Ingram PR, Miyakis S, Stewardson AJ, Rogers BA,
McBryde ES, Roberts JA, Lipman J, Athan E, Paul SK, Baker P, Harris-Brown
T, Paterson DL. Meropenem versus piperacillin-tazobactam for definitive
treatment of bloodstream infections due to ceftriaxone non-susceptible
Escherichia coli and Klebsiella spp. (the MERINO trial): study protocol for a
randomised controlled trial. 2018. Trials 2015;16:24. Available from: https://
trialsjournal.biomedcentral.com/articles/10.1186/s13063-014-0541-9

Webb D, Thadepalli H, Bach V, Roy I. Clinical and experimental evaluation of
cefoxitin therapy. Chemotherapy. 1979;25:233-42.

Perkins RL, Slama TG, Fass RJ, Prior RB, Plouffe JF, Warner JF, File TM.
Therapy of skin, soft tissue, and bone infections with cefoxitin sodium. Rev
Infect Dis. 1979;1:165-9.

Schurman DJ, Dillingham M. Clinical evaluation of cefoxitin in treatment of
infections in 47 orthopedic patients. Rev Infect Dis. 1979;1:206-9.

Erstad BL, Mclntyre J. Prospective, randomized comparison of ampicillin/
sulbactam and cefoxitin for diabetic foot infections. Vasc Surg.
1997;31:419-26.

Fitzgerald RH. Moxalactam penetration of normal and osteomyelitic bone.
Arch Orthop Trauma Surg. 1983;101:273-81.

Kammer RB. Moxalactam: clinical summary of efficacy and safety. Rev
Infect Dis. 1982;(Suppl 4):5712-9.



Mediterr J Infect Microb Antimicrob

Cavalli et al.

2018;7:36 Cefoxitin: Interesting Perspectives
49. Back DA, Bormann N, Calafi A, Zech J, Garbe LA, Miller M, Willy C, 55. Petrosoniak A, Kim P, Desjardins M, Lee BC. Successful treatment of a
Schmidmaier G, Wildemann B. Testing of antibiotic releasing implant prosthetic joint infection due to Mycobacterium abscessus. Can J Infect
coatings to fight bacteria in combat-associated osteomyelitis - an in vitro Dis Med Microbiol. 2009:20:94-6.
study. Int Orthop. 2016;40:1039-47.
s ) s o 56. Jacobson JA, Santos JI, Palmer WM. Clinical and bacteriological evaluation of
50. Talan. DA ummanen PH, Finegold SM. Amplmller/suIbactam an-d cefoxitin therapy in children. Antimicrob Agents Chemother. 1979;16:183-5.
cefoxitin in the treatment of cutaneous and other soft-tissue abscesses in
patients with or without histories of injection drug abuse. Clin Infect Dis. 57. Feldman WE, Moffitt S, Sprow N. Clinical and pharmacokinetic evaluation
2000;31:464-71. of parental cefoxitin in infants and children. Antimicrob Agents Chemother.
51. Jemsek JG, Harrison F. Ampicillin/Sulbactam vs. Cefoxitin for the treatment 1980;17:669-74.
of pelvic inflammatory disease. Infect Dis Obstet Gynecol. 1997;5:319-25. 58. Menzel J, Bauer J, von Pritzbauer E, Klempa I. Perioperative use of ampicillin/
52. Stiglmayer R, Senft HH, Eibach HW, K6rner J. Sulbactam/ampicillin versus sulbactam, cefoxitin and piperacillin/metronidazole in elective colon and
cefoxitin in the treatment of gynaecological infections: an antibiotic rectum surgery: a prospective and randomized quality control study in 422
therapeutic study. Int J Antimicrob Agents. 1996;(6 Suppl):S61-5. patients. Int J Antimicrob Agents. 1996;(6 Suppl):579-82.
53. Messick CR, Mamda.ni M, McNicholl IR, Danziger .I_H, Rod\{old KA, C.or.1d.on 59. Crotty DJ, Chen XJC, Scipione MR, Dubrovskaya Y, Louie E, Ladapo JA,
RE, Walker AP, Edmiston CE Jr. Pharmacoeconomic analysis of ampicillin- . . . oy . .

o ) o . Papadopoulos J. Allergic Reactions in Hospitalized Patients With a Self-
sulbactam versus cefoxitin in the treatment of intraabdominal infections. R ted Penicillin Al Who Recei Cephal ) M |
Pharmacotherapy. 1998;18:175-83. eported Penicillin Allergy Who Receive a Cephalosporin or Meropenem.

Pharm Pract. 2017;30:42-8.
54. Jeon K, Kwon 0J, Lee NY, Kim BJ, Kook YH, Lee SH, Park YK, Kim CK, Koh
60. Block BS, Mercer LJ, Ismail MA, Moawad AH. Clostridium difficile-associated

WJ. Antibiotic treatment of Mycobacterium abscessus lung disease:
a retrospective analysis of 65 patients. Am J Respir Crit Care Med.
2009;180:896-902.

diarrhea follows perioperative prophylaxis with cefoxitin. Am J Obstet
Gynecol. 1985;153:835-8.



