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INTRODUCTION. Rifampicin, the cornerstone drug for TB therapy, is not administered at its optimal clinical dose due to long-established 
toxicity concerns. If the anti-mycobacterial activity of rifampicin could be increased, TB therapy could be shorten, thus reducing the rate of 
transmission and the emergence of drug resistance.
While modern cephalosporins developed for broad spectrum antibacterial activities have never been pursued for tuberculosis (TB) therapy, we 
explored their potential repositioning as new anti-TB drugs alone and in synergistic combinations with rifampicin and other anti-TB drugs. 
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FIGURES 612 
Figure 1. Antimicrobial activity of cephalosporins against Mycobacterium 613 
tuberculosis strains, including multidrug resistant clinical isolates. BC strains are 614 
clinical isolates from British Columbia, Canada. DS, Drug sensitive; MDR, multi-drug 615 
resistant. GEN, cephalosporin generation; ROA, route of administration; po, oral; iv, 616 
intravenous. 617 
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1st generation cephalosporins showed the strongest 
activity against M. tuberculosis strains, including 

multidrug resistant clinical isolates 

BC strains are clinical isolates from British Columbia, Canada. DS, Drug sensitive; MDR, multi-drug resistant. GEN, 
cephalosporin generation; ROA, route of administration; po, oral; iv, intravenous.

Intracellular (THP1) dose response curves of beta-lactams alone and in the presence of 1/4xMIC 
concentrations of rifampicin against M. tuberculosis H37Rv-Luc. Intracellular MICRIF= 16 ng/mL. 
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The intracellular activities of cephalosporins can 
be synergistically enhanced by rifampicin
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Beta%lactam)
Beta%lactam)plus)rifampicin)1/4xMIC)
Beta%lactam)plus)rifabu9n)1/4xMIC)

Synergy with beta-lactams is rifamycin-
dependent 

Dose response studies of the beta-lactams in combination with sub-inhibitory concentrations 
of rifampicin (RIF; 2 ng/mL; 1/8xMIC) and rifabutin (RBT; 0.5 ng/mL; 1/4xMIC). 
MICRIF= 16 ng/mL; MICRBT = 2 ng/mL. 

CONCLUSIONS. Cefadroxil and cephradine were the most promising cephalosporin for future development. The fact that these cephalosporins 
are orally bioavailable with good safety profiles, together with their anti-mycobacterial activities alone and in synergistic combinations 
reported here, suggest that they could be repurposed within new combinatorial TB therapies.

The bactericidal and 
sterilizing activities 
of combinations of 

cephalosporins with 
rifampicin could 

shortened TB 
therapy.

Cephradine (CPD) enhanced the sterilizing activity of rifampicin (RIF): no growth observed after 60 days (upper 
panel). The stabilities of RIF and CPD alone and in combination in 7H9 media were analysed by UPLC-MS/MS 
(lower panel).
MIC values of the individual drugs are used to express drug concentrations (i.e., 1, 4, 10-fold their MIC 
concentrations). MICRIF= 0.03 μg/mL; MICCPD= 8 μg/mL. 

The sterilizing effect 
of the synergistic 

combination 
continues in the 
absence of active 

antibiotics.

Clavulanate: a key partner in triple synergistic 
combinations effective against rifampicin resistant 

M. tuberculosis strains. 
Re-introducing rifampicin for drug resistant therapy
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Rifampicin)
Rifampicin)plus)faropenem)(0.125)µg/mL))plus)Clavulanate)(5)µg/mL))
Rifampicin)plus)meropenem)(0.125)µg/mL))plus)Clavulanate)(5)µg/mL))
Rifampicin)plus)cefadroxil)(0.125)µg/mL))plus)Clavulanate)(5)µg/mL))
Rifampicin)plus)amoxicillin)(0.125)µg/mL))plus)Clavulanate)(5)µg/mL))

Dose response curves of rifampicin alone and in the presence of several beta-lactam 
combinations against M. tuberculosis H37Rv H526D (rifampicin resistant). 
MICRIF >64 μg/mL; MICFAR= 4 μg/mL; MICMER= 2 μg/mL; MICCFX= 16 μg/mL; MICAMX= 32 μg/mL; 
MICCLV >64 μg/mL;
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First-line anti-TB drugs

Second-line anti-TB drugs
(aminoglycosides & 
fluoroquinolones)

Other older anti-TB drugs

New experimental anti-TB drugs

Beta-lactam inclusion in de novo therapies: 
Strong synergy with bedaquiline, delamanid and 

pretomanid.

Fractional inhibitory concentrations (FIC) of every drug within every pairwise combination were 
calculated and plotted as isobolograms to allow visual inspection of the drug interactions. 
A straight line indicates a non-interaction profile while curves closer to the axis origins and 
falling within the highlighted box indicate a synergistic profile. 
Isobologram curves are colour coded according to their synergistic profile. Red, synergistic 
interaction; green, additive; and blue, no interaction. 
Cephradine, solid lines; faropenem, broken lines.  
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Rifampin plus cephradine
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Stability of rifampicin and cephradine in 7H9 
medium at 37˚C


