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Combination Therapy Approaches for AMR

Adapted from Theranostics 2021; 11(10):4910-4928

Drug Repurposing e.g.
Fosfomycin
Minocycline
Daptomycin
Oritavancin
β-lactams
Ketoconazole
Zidovudine
Azithromycin
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Staphylococcus aureus: the complicated pathogen

• Resistance documented to every 
class of antimicrobials 

• Treatment failure persistently  high 
for complicated infections 

• Consistently changing epidemiology 
and patient risks

• Immune evasion….the                       
non-commensal commensal 

Tam and Torres. Microbiol Spectr. 2019 7(2)



MRSA Bacteremia
Can We Improve Upon the Standard of Care?

• Assessing the medical need

• Mortality reduction plateau

• Treatment failure / persistence 

• Bundled care and ID consult

AGE

Outcome

Comorbidities

Host factors Host-pathogen 
factors

Treatment 

https://doi.o
rg/10.1093/o

fid/ofac137

https://doi.org/10.1093/ofid/ofac137


Difficulty in applying combination clinical study 
results to your patients

Definitive IE among clinical studies of 
MRSA combination therapy:
Prospective clinical 
trials 

Mean 15.8%
Median 11.6%

Retrospective cohort 
studies

Mean 30.4%
Median 26.7%

Rose et al. Clin Infect Dis 2021



Daptomycin (DAP) Mechanism and Resistance

Host Defense Peptides (HDP): LL-37, tPMP (Thrombin-induced 
platelet microbial protein), HNP1 (human neutrophil peptide) 

Ca2+

lipopeptide antibiotic that is a functional cation

Daptomycin Resistance in S. aureus 

Miller, Bayer and Arias. Cold Spring Harb Perspect Med. 2016 Nov 
1;6(11). pii: a026997. 



B-lactam effects on DAP in MRSA

Dhand et al. Clin Infect Dis. 2011; 53(2): 158–163.

Use of antistaphylococcal b-lactams to increase daptomycin activity in eradicating 
persistent MRSA  

Incorporation of fluorescently-labelled DAP 
grown in the presence or absence of nafcillin

DAP only

DAP+NAF

Seesaw effect

b-lactam 
activityDAP 

activity DAP-R

DAP-S



DAP binding NOT universally increased with b-lactams

β-lactam conditioning increases cardiolipin 
distribution (NAO in green) 

Cassandra Lew, PhD

But its more than just DAP binding 





DAP binds to S. aureus in a biphasic manner. Cell wall precursor lipid II DAP binding. 

DAP forms a tripartite complex with lipid II and PG 
and inhibits cell wall biosynthesis in vitro

Nature Communications volume 11, Article number: 1455 (2020) 

Tanja Schneider, PhD







DAP + LOX 
Shock

DAP + LOX 
Pre-treatmentDAPLOXGrowth

i)

ii)

C. Lew

B-lactam induced cell lysis with DAP vs MRSA

Lew C, Antimicrob Agents Chemother. 2022 Mar; 66(3): e02017-21.

Aaron Rottier

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8923230/






Proteomic correlates of DAP+β-lactam 
synergy

C. Lew

Lew C, Antimicrob Agents Chemother. 2022 Mar; 66(3): e02017-21.



Autolysins induced with B-lactam 
preconditioning 

Lew C, Antimicrob Agents Chemother. 2022 Mar; 66(3): e02017-21.
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B-lactam induced DAP-resensitization

Rachel Jenson, 
PharmD

Benjamin Howden,
MD, PhD, 

Jenson, R. Antimicrob Agents Chemother 2020 Aug 20;64(9):e00890-20.



B-lactam induced DAP-resensitization

Rapid conversion to DAP-S

Highly susceptible to DAP killing

Jenson, R. Antimicrob Agents Chemother 2020 Aug 20;64(9):e00890-20.



Secondary mutations in mprF lead to DAP-
resensitization

B. HowdenNagendra Mishra
PhD

Mishra NN et al. Microorganisms. 2021 May 11;9(5):1028.





Martínez-Caballero, S et al. Comput Struct Biotechnol J. 2021 Sep 
17:19:5392-5405. 



Select rapid DAP-R emergence: implications 
for combination β-lactams therapy?

Volk ECCMID 2023. P0537

In Vivo Mutation 
(occurrences)

In Vitro Mutation 
(occurrences)

L826F (10)
L341S (4)
S295L (3)
T345I (3)

M347R (2)
S337L (2)

S295L (2)
L341S (1)

mprF mutations
Cecilia Volk, PharmD



Future Directions

Giulieri SG et al.  Elife. 2022;11. Epub 2022/06/15. doi: 10.7554/eLife.77195. 

DAP-β-lactam Combinatorial Effects
Determine the convergent genetic pathway(s) for PBP-1 targeting that 
can both temporally prevent DAP-R, as well as potentially revert DAP-
R-to-DAP-S with β-lactam exposures.

B. Howden



Considerations for Future Clinical Trials of MRSA Bacteremia

Adapted from Holland T et al. Clin Infect Dis, 2022 ciac364
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