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The programme

• Temocillin
• Nitrofurantoine
• Minocycline
• Trimethoprim-sulfamétoxazole.
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In a nutshell … Temocillin is an old antibiotic on the return
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In a nutshell … Temocillin identity card

4/6/2015 Liège - Certificat interuniversitaire

H
N

O N

S

O

O O

S

O
-

O

OCH3

 Name: temocillin ; 6-α-methoxy-ticarcillin
 Passport number: ATC code J01CA17
 Birthdate: 1984
 Birthplace: Beecham company, London, UK
 Current address: Eumedica, Manage, Belgium
 VISA: registered in Belgium; Luxembourg, UK

Current position:   IV/IM – infections by Gram(-) bacteria

• empirical treatment: 
 complicated urinary tract infections 

• documented treatment: 
 lower respiratory tract infections
 wound infections
 bacteraemia

• orphan drug designation:
 Burkholderia cepacia infection in cystic fibrosis patients

SPC, last revision 2012
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Spectrum of activity

SPC, last revision 2012; Van Landuyt et al,  AAC 1982; 22:535-40
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Susceptible organisms

MIC < 1 mg/L 1 mg/L < MIC < 10 mg/L 10 mg/L < MIC < 100 mg/L
Moraxella catarrhalis
Haemophilus influenzae
Legionella pneumophila
Neisseria gonorrhoeae
Neisseria meningitidis

Brucella abortus
Citrobacter spp.
Escherichia coli
Klebsiella pneumoniae
Pasteurella multocida
Proteus mirabilis
Proteus spp (indole +)
Providencia stuartii
Salmonella Typhimurium
Shigella sonnei
Yersinia enterocolitica

Serratia marcescens
Enterobacter spp

Intrinsically resistant organisms

anaerobes
Gram(+) bacteria
Acinetobacter spp
Pseudomonas aeruginosa

ESKAPE 
pathogens
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What about ESBL/carbapenemase producers ?

Matagne et al, Biochem J 1993; 293:607-11; Livermore et al, Int J Antimicrob Agents. 2011; 37:415-9
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 NDM
 VIM
 IMP
 OXA-48

 TEM
 SHV
 CTX-M
 KPC
 most OXA

temocillin

β-lactamase
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Know your local 
epidemiology !
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What about ESBL/carbapenemases producers ?

Adapted from Livermore et al, JAC 2006; 57:1012-4
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Temocillin MIC distribution for ESBL and AmpC overproducers
(E. coli, Klebiella spp, Enterobacter spp, Citrobacter spp, Serratia spp)
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PK and dosage
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SPC, last revision 2012

Creat.
Clearance

dose Cmax (1 g) T 1/2 Estimated
Cmin (1 g)

Normal 1-2 g q12h 173 mg/L 4.2 h ~ 22 mg/L
> 60 ml/min 1-2 g q12h

30-60 ml/min 1 g q12h 120 mg/L 20 h ~ 80 mg/L
10-30 ml/min 1 g q24h 118 mg/L 17 h
< 10 ml/min 0.5-1 g q24-48h 28 h

hemodialysis 1 g after dialysis
0.5 g if 24 h

Protein binding ~ 85 %
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Dosage: PK/PD to the rescue
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De Jongh et al, JAC 2008; 61:382-8

2 g q12 h

LD: 2 g; CI 4g/24h

ICU patients

MIC90

MIC90

PK/PD Bkpt 8-16 mg/L

BSAC Bkpt:  ≤ 8 mg/L (systemic)
≤ 32 mg/L (urinary)

Monte Carlo simulation

MIC90

PK/PD 
target
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Dosage: PK/PD to the rescue
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Laterre et al, JAC (2015) 70:891–898 

LD: 2 g; CI 6g/24h

2 g q8 h

ICU patients

MIC90

MIC90

PK/PD Bkpt 8-32 mg/L

BSAC Bkpt:  ≤ 8 mg/L (systemic)
≤ 32 mg/L (urinary)

MIC90

Monte Carlo simulation

PK/PD 
target
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Dosage: PK/PD to the rescue
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Laterre et al, JAC (2015) 70:891–898; Miranda Bastos et al, ESCMID old antibiotics 2014; P26

LD: 0.75 g; CI 0.75g/24h

continuous veno-venous hemofiltration

MIC90
MIC90

hemodialysis
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2 g/48 h (post-dialysis)
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Rapid screening test for carbapenemase
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Huang et al, JAC 2014; 69:445-50
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What does temocillin bring in our arsenal ?
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Glupczynski et al, Eur J Clin Microbiol Infect Dis 2007;  26:777–83

(1) Targeted spectrum  sparing of broad spectrum drugs

13



What does temocillin bring in our arsenal ?
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Habayeb, FIS 2013 and ECCMID 2013; O273 

(1) Targeted spectrum  sparing of broad spectrum drugs

Efficacy in HAP 

GI adverse 
effects

14



What does temocillin bring in our arsenal ?

4/6/2015 Liège - Certificat interuniversitaire

Steensels et al, CMI 2012; 18: 575–81

Clinical interest

Resistance rates in E. coli from 
transrectal prostate biopsy

Balakrishnan & Smith; JAC 2013;68:2418-9

(2) Targeted spectrum  sparing of broad spectrum drugs
lack of cross resistance
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• CIP R :     49 %
• Pen I+R : 71 %
• CRO R:    0 %

median TEM MIC: 0.75 mg/L
(10-90%: 0.125-3 mg/L)

What does temocillin bring in our arsenal ?
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Reimer et al, Drugs 1985; 29S5:210-2 Ghathian et al, ECCMID 2013; O314

(2) Targeted spectrum  sparing of broad spectrum drugs
lack of cross resistance

Clinical efficacy against 
N. gonorrheae

Susceptibility 
of recent 
isolates (n=76)
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What does temocillin bring in our arsenal ?
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adapted from Carryn et al, JAC 2010; 65:2045-6  

(3) Chemical stability  Outpatient Parenteral Antibiotic Therapy

B. cepacia infections in CF patients
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What does temocillin bring in our arsenal ?
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(4) Salvage therapy for MDR Burkholderia spp
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What about Pseudomonas aeruginosa ?

Buyck et al, JAC 2012; 67:771-5; Chalhoub et al, ESCMID old antibiotics 2014, P02
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Temocillin vs ticarcillin MIC distribution for P. aeruginosa collected from CF patients (n= 335)

Strain/genotype MIC 
(mg/L)

PAO1 256

PAO1 ΔmexAB-oprM 4

CF strain;
deletion in mexB

1

CF strain; 
deletion in mexA

2

CF strain;
mutation in mexA

32
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Temocillin PROS and CONS
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• Inactive if 
carbapenemase/OXA-48

• Combination needed if 
polymicrobial infection

• High doses required
 high cost…

• Safety profile
• Active on most 

ESBL-producers
• Limited spectrum
• sparing anaerobes
• Prolonged half-life
• Stability for C.I.

• TMO 3 x 2 g = 108 €
• MER 3 x 1 g =  41-47 €
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Nitrofurantoin (class of nitrofuranes)
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 IUPAC: 1-[(E)-(5-nitrofuran-2-yl)methylideneamino]imidazolidine-2,4-dione

 Passport number: ATC code JO1XEO1
WHO Status: essential medicine
 Birthdate: 1953
 Current address: Pharma Logistics, Beersel

(reseller for Mercury Pharmaceuticals Ltd)

Current position:   oral treatment of urinary tract infections

• empirical treatment:

 Traitement des infections urinaires basses aiguës et prévention des infections 
urinaires basses

 chroniques récidivantes. Prophylaxie des interventions transurétrales
(cathétérisation, cystoscopie,

 sonde permanente) ou après intervention chirurgicale des voies 
urinaires.complicated urinary tract infections 

SPC, last revision 2012
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Nitrofurans: mode of action and specificity vs nitromidazoles
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• nitroimidazoles must be fully 
reduced to generate the 
highly reactive species 
(hydroxylamines) that cause 
damage, and exert activity 
only against truly 
anaerobic and 
microaerophilic bacteria.

• singly reduced nitrofurans
may directly inhibit the 
activity of enzymes involved 
in the degradation of glucose 
and pyruvate and covalently 
bind to proteins and DNA by 
an alkylation reaction, and 
are equally active against 
anaerobic and aerobic 
bacteria.Van Bambeke et al. Mechanisms of Action.

In: Infectious Diseases (3d edition) 130, pp 1288-1307
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Nitrofurans: spectre d’activité

• Germes usuellement sensibles:
– Escherichia coli, Enterococci (ex. Streptococcus faecalis), 

Citrobacter, Klebsiella, Enterobacter, 

– Staphylococci, Enterococci (ex. Streptococcus faecalis)

• Germes usuellement résistants
– Proteus, Serratia, Pseudomonas

– Certaines souches d’Enterobacter et de Klebsiella
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Nitrofuratoin: MICs (EUCAST)

4/6/2015 Liège - Certificat interuniversitaire

EUCAST breakpoint
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Pharmacocinétique / pharmacodynamie

• Absorption: 40% to 50% (improved if taken with food)
the microcrystalline form is more rapidly and 
completely absorbed but is associated with more 
gastrointestinal side effects.

• Very low serum concentrations (often undetectable)
• Very high urine concentrations (50-250 mg/L) 
• No or insufficient concentrations in renal and 

uretheral tissues (e.g., prostate)
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 Concentration thérapeutique uniquement dans l'urine !
Essentiellement bactériostatique

Conklin JD. Antibiot Chemother (1971). 1978;25:233-52. Review. PubMed PMID: 352255.
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Nitrofurantoine: interactions

Interactions souhaitées:
• aliments ou les produits ralentissant la vidange gastrique: 
 biodisponibilité

• Urines acides:  augmentent l’activité

Interactions indésirables:
• Antacides:  absorption
• probénécide et sulfinpyrazone: 
 excrétion tubulaire et  des taux sériques 
 de toxicité et  d’efficacité

• Fluroquinolones: antagonisme microbiologique (ne pas associer)

26
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Nitrofurantoine: effets secondaires

- troubles digestifs défavorables à une bonne compliance

- réactions allergiques, généralement de type cutanées

- infiltrations pulmonaires diffuses réversibles
 Interrompre le traitement car risque vital !

- anémie hémolytique réversible 
chez les sujets déficients en glucose-6-P-déshydrogénase

- polynévrite lors de traitements prolongés, surtout chez les 
insuffisants rénaux (peut devenir irréversible).
 interrompre le traitement

27
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Nitrofuranes: contre-indications

• Anurie, oligurie ou insuffisance rénale
(clairance de la créatinine < 60 ml/min) 
 augmentation du risque de toxicité et moins efficace suite à la 
diminution de l’excrétion du médicament.

• Trois premiers mois de la grossesse
 passage de la barrière foeto-placentaire

• Deux dernières semaines de la grossesse et allaitement
 métabolisme immature du nouveau-né.

• Enfants de moins de 6 ans

• Déficience en G6PD

• Polynévrite 

28



Nitrofurantoin: clinical data

1. Old data 
• clinical cure rate:  88% to 92%
• microbiologic cure rate of 81% to 92%.1 
• 4 randomized trials: equivalence to 3-day course of 

trimethoprim-sulfamethoxazole or ciprofloxacin
• equivalent to one dose of fosfomycin. 

CAUTION: 
• persistence of the pathogen in the periurethral, vaginal, and 

rectal areas unless ≥7 days treatment (maybe 5 days ?)
• infections due to Proteus and Pseudomonas spp. do not 

respond. 
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Gupta et al. Clin Infect Dis. 52:e103-e120 2011 PMID 21292654 
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Nitrofurantoin: clinical data

More recent data (27 “clinical trials” publications since 2010)

The main message is that it works !

• High susceptibility in Germany and in France

Schmiemann et al. J. Resistance profiles of urinary tract infections in general practice--an observational study. 
BMC Urol. 2012 Nov 21;12:33. doi: 10.1186/1471-2490-12-33. PMID: 23171154

Neuzillet et al. French results of the ARESC study: clinical aspects and epidemiology of antimicrobial resistance 
in female patients with cystitis. Implications for empiric therapy. Med Mal Infect. 2012 Feb;42(2):66-75. doi: 
10.1016/j.medmal.2011.07.005. PMID: 22264668.
(same results in Poland, Russia…)

• Prophylaxis for 1 week is beneficial in the prevention of urosepsis and 
endotoxemia in patients with larger stones and hydronephrosis

Bag et al. One week of nitrofurantoin before percutaneous nephrolithotomy significantly reduces upper tract 
infection and urosepsis: a prospective controlled study. Urology. 2011 Jan;77(1):45-9. doi: 
10.1016/j.urology.2010.03.025. PMID: 20570319.
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Nitrofurantoine: mode d’emploi
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Nitrofurantoin: do we need to be “alert” ?
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Slekovec et al. When the precautionary principle disrupts 3 years of antibiotic stewardship: nitrofurantoin in the treatment of urinary tract infections. 
J Antimicrob Chemother. 2014 Jan;69(1):282-4. doi: 10.1093/jac/dkt328. PMID: 23960043.

In February 2011, the French Agency for the Safety of Medicine and Health Products
(ANSM) published a drug monitoring alert concerning nitrofurantoin.

This letter reported new cases of severe hepatic and pulmonary toxicity after prolonged 
treatments with nitrofurantoin.

Severe adverse effects: 

• 1 per 20551 nitrofurantoin overall prescriptions; 

• 1 per 7666 long-term prescriptions (>1 month).
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Nitrofurantoin: do we need to be “alert” ?

4/6/2015 Liège - Certificat interuniversitaire

Slekovec et al. When the precautionary principle disrupts 3 years of antibiotic stewardship: nitrofurantoin in the treatment of urinary tract infections. 
J Antimicrob Chemother. 2014 Jan;69(1):282-4. doi: 10.1093/jac/dkt328. PMID: 23960043.

In February 2011, the French Agency for the Safety of Medicine and Health Products
(ANSM) published a drug monitoring alert concerning nitrofurantoin.

This letter reported new cases of severe hepatic and pulmonary toxicity after prolonged 
treatments with nitrofurantoin.

National guidelines were suspended, while nitrofurantoin’s use as prophylaxis for UTIs 
was strongly discouraged. 

One year later the ANSM issued its new guidelines, stating that: 
i. Nitrofurantoin is responsible for severe pulmonary and hepatic toxicity;
ii. Nitrofurantoin should be used for documented cystitis due to susceptible 

microorganisms only when no other antimicrobial presenting a better 
benefit/risk ratio can be used orally; 

iii. Nitrofurantoin can nevertheless be considered for empirical treatment in cases of 
urgency or in the setting of a previous history of multidrug-resistant bacteria; 
and 

iv. Nitrofurantoin must not be used as prophylaxis.
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Nitrofurantoin: do we need to be “alert” ?

4/6/2015 Liège - Certificat interuniversitaire

Slekovec et al. When the precautionary principle disrupts 3 years of antibiotic stewardship: nitrofurantoin in the treatment of urinary tract infections. 
J Antimicrob Chemother. 2014 Jan;69(1):282-4. doi: 10.1093/jac/dkt328. PMID: 23960043.
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Minocycline identity card
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 IUPAC: too long… (see http://en.wikipedia.org/wiki/Minocycline)

 Passport number: ATC code J01AA08
 Birthdate: 1967
 Birthplace: Lederlee laboratories
 Current address: many

Current position:   oral administration … but for what ?

SPC, last revision 2013
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Minocycline: you can get many … but pay attention aux “EEN” !
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Tétra- et glycyl-cyclines: pharmacocinétique et posologie

 dose po pic 
sérique 
(mg/l) 

absorption 
(% de la dose) 

liaison 
prot. 
(%) 
 

t1/2 
(h) 
 

oxytétracycline 250–500 mg 4x/jour 0.9 58 35 10 
tétracycline 250–500 mg 4x/jour 2.2 77 65 6-8 
minocycline 100-200 mg 1x/jour 

ou 100 mg 2x/jour 
2.5 95 76 15 

doxycycline 100-200 mg 1x/jour 
ou 100 mg 2x/jour 

2.5 93 93 15-20 

tigécycline 100 mg 1x/jour (IV) 1-1.5 -- 70-90 27 
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Minocycline: out of acne ?
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Minocycline: out of acne ?
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Is this not 
good ?
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Minocycline: out of acne ?
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Minocycline: an anti-Staphyloococcus aureus ?
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Minocycline: an anti-Staphyloococcus aureus ?
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Minocycline: an anti-Staphyloococcus aureus ?
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Minocycline: out of acne ?

4/6/2015 Liège - Certificat interuniversitaire 45



Minocycline: out of acne ?
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Minocycline: out of acne ?
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Minocycline: out of acne ?
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May be I should have looked also at doxycycline ?
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molécule -R4 -R3 -R2 -R1 
tetracycline -H -OH -H -H 
doxycycline -H -CH3 -H -OH 
minocycline -N(CH3)2 -H -H -H 

 

49



Ici, nous avons plus d’indications officielles… mais pourquoi ?
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SPC, last revision 2013
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Effets secondaires des tétracyclines 

• effet photosensibilisant
risque augmenté en 
présence d’autres
médicaments photosensibilisants
(AINS, amiodarone, sulfamides, …)

• fixation aux os et aux dents (coloration jaune)
 contre-indiqué chez les enfants 

et les femmes enceintes

• adhérence oesophagienne et ulcération
 administration en position assise avec un grand verre d’eau, 30 min avant repas

• rarement, toxicité hépatique ou rénale

• thrombophlébite lors de l’injection intra-veineuse

hν

J Clin Pathol. (1962) 15:112–115. 
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Interactions médicamenteuses

• Formation de complexes non résorbés avec les ions bi- ou tri-valents
(calcium, magnésium, fer, zinc, bismuth) 

!
Prendre à distance des aliments ou médicaments 
qui en contiennent
Quelques exemples : 
antacides, sucralfate, didanosine, multivitamines, renalate de strontium…

• métabolisme accru en présence d’inducteurs hépatiques
Quelques exemples : carbamazépine, phénytoïne

• risque d’hémorragie avec les anticoagulants oraux
(réduction de la production de Vit K par flore digestive)

• perte d’efficacité des contraceptifs oraux 
(réduction du métabolisme intestinal des conjugués aux oestrogènes)

• risque d’hypertension intracrânienne et de photosensibilisation
avec isotrétinoïne (traitement de l’acné !)

• réduction de l’absorption digestive
avec colestyramine

4/6/2015 Liège - Certificat interuniversitaire 52



4/6/2015 Liège - Certificat interuniversitaire 53

Sulfaméthoxazole / Thrimetoprim
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Un peu d'histoire...

Premiers antibiotiques entièrement synthétiques, 
Dérivés du prontosil (chimie des colorants)

NH2 S N

O

O

N

H2N

NH2

G. Domagk, prix Nobel en 1939 
pour avoir démontré l’effet antibactérien des sulfamides

dans des modèles animaux

NH2 S NH2

O

O

Prontosil, la prodrogue du sulfanilamide
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Sulfamides et diaminopyridines, inhibiteurs de la 
synthèse de l'acide tétrahydrofolique

NH2 S NH

O

O

R

NH2N

N
O

O

OH2N

sulfamidesdiaminopyridines

synthèse : cible spécifique

acide folique

Co-facteur pour la synthèse 
des purines & pyrimidines

O

N
N

N
H

NH2N

NH C

COOH

(CH2)2 COOH
NH

O

eucaryotes: 
= vitamine B9; 

alimentation

procaryotes: 
produit du 

métabolisme bactérien
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Sulfamides et triméthoprim, inhibiteurs de la 
synthèse de l'acide tétrahydrofolique

O
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2-amino-4-hydroxy-6-methyl-pteridine

acide ptéroique

acide glutamique

acide folique
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Sulfamides et triméthoprim, inhibiteurs de la 
synthèse de l'acide tétrahydrofolique
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Propriétés anti-microbiennes

• Antibiotiques bactériostatiques, 
mais agissent en synergie

• Spectre large: 
Gram(+) et Gram(-) en combinaison (SMX/TMP)
certains parasites

Résistance

Sulfamides: - hyperproduction d'acide p-aminobenzoïque
- mutation de l'enzyme cible

Diaminopyridines - surproduction de la DHFR
- production d'une 2ème DHFR de moindre affinité

Sulf

TMP
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Propriétés pharmacocinétiques

• Absorption: bonne par voie orale; 
disponible sous forme de combinaison

• Distribution:
- diffusion dans les liquides interstitiels et le LCR
(mais germes responsables de méningites devenus résistants …)

- liaison importante aux prot. plasmatiques

• Elimination: 
- voie rénale
- métabolisme hépatique partiel 

interactions
médic.

indication
dans infections

urinaires
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Effets secondaires

• réactions toxiallergiques potentiellement graves
oedème de Quincke, troubles respiratoires, rash

• occasionnellement:
- troubles hématologiques (neutro- ou thrombopénie)
- cristalluries (métabolites peu solubles)
- troubles digestifs (nausées, vomisements, diarrhées)
- troubles neurologiques (asthénie, céphalée)
- hémolyse, chez les patients déficients en glucose-6P-déshydrogénase.
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Effets secondaires

- hémolyse, chez les patients déficients en glucose-6P-déshydrogénase: POURQUOI ?

Gare aux médicaments à effets hémolytiques ou oxydants !
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Effets secondaires

- hémolyse, chez les patients déficients en glucose-6P-déshydrogénase: QUOI ?
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Interactions médicamenteuses
• déplacement de la liaison aux prot. d'autres médicaments
  effet: coumariniques

sulfamides hypoglycémiants
méthotrexate

• interférences métaboliques
 métabolisme des phénytoïnes (sauf sulfamethoxazole)
 métabolisme de la cyclosporine

Mieux vaut prévenir que guérir ….

Preventive 
Drug 
Reduction

Schalekamp et al Eur J Clin Pharmacol. (2007) 63: 335–343 
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Indications (officielles): un peu de tout…



Sulfamethoxazole/trimethoprim: if we need it …
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Sulfamethoxazole/trimethoprim: even better than you tought
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Drug dosage:

• Clindamycin: 2 x 150-mg tablets every 8 h

• TMP-SMX: 60 mg / 800 mg every 12 h

(Belgium standard dosage: 160/800 Q12h)



Sulfamethoxazole/trimethoprim: even better than you tought
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Sulfamethoxazole/trimethoprim: even better than you tought
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This looks as 
good as the “new” 

antibiotics
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Conclusions

• An antibiotic is an antibiotic …

• If the bacteria are susceptible (EUCAST breakpoints, please), it 
SHOULD work no matter older it is

• BUT be prepared for :

– ignorance of best dosages and schedules
 we simply do not know them …
 follow the literature … and try…

– Toxicities
 read the SmPC
 contact pharmacovigilance

• And, please, follow susceptibility patterns in YOUR environment… 
 require an MIC because an MIC is an MIC… 
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