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Objectives

Review:

• current situation with AROs

• safety of antibiotics

• optimal dosing of most commonly used antibiotics 

• latest data on duration of antibiotics
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Multi-resistant Organisms
CURRENT STATE
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Candida auris 

Multi-resistant Candida species: 

CDC- urgent threat / highest level of concern 

WHO - critical priority fungus

Global: reported in 50 countries / 6 continents 

USA : ~8,000 cases in 2022 (clinical /screening cases)
◦ endemic in some areas 
◦ healthcare transmission is responsible for majority of cases

Canada: 
◦ 43 cases (up to 2022)
Interior Health:

◦  C. auris and enhanced CPO screening starting this spring

Worsening Spread of Candida auris in the United States, 2019 to 2021 | Annals of Internal Medicine (acpjournals.org)
Public Health Ontario. Candida auris; 2023 Candida auris (publichealthontario.ca)
Candida auris | Fungal Diseases | CDC

https://www.acpjournals.org/doi/10.7326/M22-3469#:%7E:text=Although%20it%20was%20initially%20limited,facilities%20connected%20via%20patient%20transfers.
https://www.publichealthontario.ca/-/media/Documents/C/2023/candida-auris.pdf?rev=b5e9d4ef8a674326b737b34bb1ca690b&sc_lang=en
https://www.cdc.gov/fungal/candida-auris/index.html


Safety of Antibiotics
NOT AS  SAFE AS  ADVERTISED



35 systemic reviews / 71 RCTs

> 23,000 patients
• 36.5% RTIs / 29.4% UTIs

Each day of antibiotic associated : 4% risk
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Clin Infect Dis. 2021 Mar 1;72(5):836-844

Compared to 7days of therapy:
• 5days: ↓9% risk
• 10days:↑12% risk
• 14days:↑27% risk
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Autologous FMT: 
• accelerated microbiome recovery
Probiotics:
• prevented microbiome recovery 



  Role of probiotics for C. difficile infection

American College Gastroenterology Clinical Guidelines -  May 2021

recommend against probiotics for prevention of :
• CDI in patients being treated with antibiotics
• CDI recurrence

American College of Chest Physicians (CHEST) 2022 -Annual Meeting:

Probiotics in ICU:

• measurable increase in bacteremia and related mortality 

Note: 2019- probiotics removed from Provincial/Interior Health Formularies
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Biomedicines 2020, 8(11), 502; https://doi.org/10.3390/biomedicines8110502
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Konstantinidis,Antibiotics ;2020



Harm of a Penicillin Allergy Label

Alternatives to β-lactams:
• less effective 
• more adverse effects

• 21% β-lactams vs 66.8%  alternative 

• C. difficile infection
• more broad spectrum:

• increased risk ARO colonization/infection
• VRE, MRSA, ESBLs, AmpC, CPOs, yeast 

• effect on microbiome

UK- cohort study

• 64,141-documented penicillin allergy

• 237,258 matched comparators

Penicillin allergy label:

• 69% increased risk of MRSA

• 26% increased risk of C. difficile 
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Optimal Dosing of Antibiotics

NO LONGER ONE DOSE FOR ALL



https://images.app.goo.gl/2x55SfcRxRuoJCuXA
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PK/PD of beta-lactams

Beta-lactams optimal T/MIC:

• penicillins - 40% 

• cephalosporins- 60%

• carbapenems – 40%
• added advantage of post antibiotic effect

• severe infections - 100%

Not achieving optimal PK/PD: 

• clinical failure

• microbiologic selective pressure and  resistance
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MacVane et al 2014:
• 50% increase in T/MIC  if 

prolonged infusion
Other studies:
• better clinical outcome
• less mortality

2023



Oral beta-lactams: 
Enterobacterales: optimal dose for optimal T/MIC?
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Expert Opinion Pharmacother. 2019 Jun;20(8):903-907
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2021/
Aminopenicillins_and_Enterobacterales_General_consultation_November_2021.pdf



 

Caution if MIC 1µg/mL – considered susceptible



Take home message for oral beta-lactams as step down therapy 

Oral cephalosporins:

• do not bind as well as penicillins to PBPs
• likely need higher T/MIC than penicillins ( 60% vs 40%) 
• higher doses for UTIs if step down from bacteremia/pyelonephritis

Cephalexin:

•1000 g QID optimal for lower UTI only
• 5-7 days (based on clinical studies)
• most narrow spectrum
• best PK/PD but rapid elimination (hence QID dosing) 

Cefixime:

• lower bioavailability 
•  absorption is diminished at higher doses lower urinary excretion
• 200 mg BID is actually more desirable than 400 mg once daily

• lowers toxicity and adverse events 

• PK/PD not optimal if cefixime MIC of 1 ug/mL (still considered S)
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Measured amoxicillin-clavulanate concentrations: 

•57 hospitalized patients - intra-abdominal 
infections 

•1000/200 mg IV Q6H

Results: 

•only 65% achieved 40% T/MIC if MIC 8µg/mL

Prediction:

•if increase to Q4H 95% achieve T/MIC 40%

Conclusion: 

•Q4H dosing for severe Enterobacterales 
infections 
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Beta-lactamase inhibitor combination drugs

Amoxicillin-clavulanate:
• not effective against ESBL or AmpC producing organisms
• anaerobic resistance higher than piperacillin-tazobactam
• 2.2 grams Q8H minimum to treat Enterobacterales (Q6H for severe infections) 
• 1.2 grams Q8H - OK for respiratory pathogens

Piperacillin-tazobactam:
• not effective against ESBL or AmpC producing organisms(except M. morganii)
• NOT better than penicillin for S.pneumoniae

• ceftriaxone better coverage
• severe infection:

• loading dose and prolonged infusions 
• minimum 4.5 grams Q6H
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Covering Enterococcus

Empiric coverage of Enterococcus spp if: 
• post-operative infection
• recent cephalosporin use
• immunocompromised
• valvular heart disease
• prosthetic intravascular material

Ampicillin resistance:
• predicts resistance to piperacillin-tazobactam and imipenem

Ampicillin susceptibility:
• endocarditis 2 g Q4H + ceftriaxone 2 gQ12H
• does not predict susceptibility to piperacillin-tazobactam and imipenem

Amoxicillin-clavulanate:
• poor PK/PD for Enterobacterales
•  need 875mg Q8H unless MIC ≤2µg/mL-  

Note:  4-8µg/mL still considered S
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JAMA. 2023;330(16):1557-1567. doi:10.1001/jama.2023.20583

Carbapenem sparing -  is cefepime the answer ?

RCT-   > 2500 hospitalized adults:

• piperacillin-tazobactam:
•  did not increase the incidence of acute kidney injury or death
Note: reported nephrotoxicity +/- vancomycin- likely pseudotoxicity 

• cefepime:
• more neurological dysfunction

• not effective against ESBLs
• not effective against up regulated AmpC
• not routinely tested
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CEFAZOLIN



32

Cefazolin for Gram negative infections
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Cefazolin Dosing in Obesity

Recommendation:

cefazolin 2 g IV x 1 dose pre-op for all patients

cefazolin 2 g IV Q8H for Gram-positive infections
◦  may need higher dose for Gram negative infections
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Cefazolin for CNS Infections

may actually have better pharmacokinetics than cloxacillin for CNS infections
• especially epidural abscess

• 11 reports of success in epidural abscess in 104 patients with MSSA

Dose?

• 2 grams q6h (instead of q8h) or 

• 8 -10 grams / day by continuous infusion
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CEFTRIAXONE



Ceftriaxone for pneumonia

1 gram equivalent to 2 grams Q24H
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Ceftriaxone for S. aureus
DO NOT BELIEVE EVERYTHING YOU READ



Problem with this study:

• single centre retrospective study

• 243 patients: insufficient to prove non-inferiority of ceftriaxone
• 74 patients – medical device removal

Ceftriaxone group:
• lower rates of ICU patients
• shorter duration of bacteremia / shorter IV antibiotic duration
• lower rates of valvular heart disease /TEEs /endocarditis/valve replacement
• 16% received > 48 hours of cefazolin /cloxacillin therapy
• 7% received 2 grams q12h
• ceftriaxone treated endocarditis patients:

• higher 90 day mortality (14.3% vs 2.4%) / composite outcome ( 25.6% vs 10%)

Oxacillin/cefazolin group:
• more patients (26% vs 13%) had oral suppression antibiotics post IV antibiotics

Other issues:
• ceftriaxone - not best antimicrobial stewardship option
• authors concluded- probably only outpatient option for Medicare patients
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Problem with this study:
• retrospective cohort/insurance claims 2010-2018
• 1895 adults -  MSSA bacteremia 

• excluded Medicare/Medicaid, uninsured, patients > 65 years
• looked only at readmission rate/ not reason for readmission rate

No review of:
• medical records
• adequacy of source control /time to blood culture clearance
• duration and type of antibiotic received during initial admission
• no confirmation of primary diagnosis (ICD9/10 codes )
• did not assess mortality

Patients with endocarditis and epidural abscess:
• more likely to be given cefazolin/oxacillin/nafcillin
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Ceftriaxone:

limited bacterial killing
• even 2 g q12h if normal renal function

• some activity if CrCl ≤50 mL/min 
•  inferior to cefazolin: bacteremia/cellulitis in 

children 
• high protein binding (95%)

clinical data and PK/PD supports: 
• only cefazolin and cefepime 
• cefuroxime iv:

• only at 1.5 grams IV Q8H (not oral)
Danish study: 

• higher 30 day mortality with bacteremia
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CLSI: recently changed dose to 2 grams Q12-24 H
EUCAST: 2 grams Q12H / for non- serious infections only



Cephalosporins:

Cefazolin:
• best cephalosporin for S. aureus 
• 2 grams Q8H – fine in obesity for surgical prophylaxis
• not optimal for Enterobacterales if MIC is 4 µg/mL (still considered S)

• lab can only determines ≤ 4 µg/mL 
• may be better than cloxacillin for epidural abscess

• dose  still in question- Q6H or continuous infusion?

Ceftriaxone:
• 1 g Q24H-  sufficient for pneumonia
• 1-2 g Q24H for Enterobacterales
• 2 g Q12H for S. aureus ( MSSA) non severe -  controversial

• not recommended  for severe infections 
• epidural abscess, endocarditis, high burden infections (osteomyelitis)
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Does this study tell us anything?

• polymicrobial infections including S. aureus
•  vastly different than mono-microbial infections with MSSA

• cefepime, meropenem and piperacillin–tazobactam:
• excellent S. aureus coverage / expected to cover MSSA
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Vancomycin Dosing
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Daptomycin:
• suboptimal for E. faecalis (even at high dose) 
• not recommended for E. faecium / VRE



Dalbavancin

Long acting antibiotic - adults with acute bacterial skin /skin structure infections
• caused by susceptible isolates of Gram-positive microorganisms
• $2000/dose 

    Restricted to treatment of adults with: 
• confirmed MRSA skin and soft tissue infections; AND 
• oral anti-MRSA agents are not an option; AND 
• outpatient use OR inpatient use if dalbavancin allows earlier hospital discharge;AND 
• intended treatment duration is 1 week or more; AND 
• patient unable to receive IV vancomycin or daptomycin due to logistical barriers
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Dalbavancin- Caution

Prolonged half life - risk for resistance 
• including cross resistance to vancomycin and daptomycin

• Werth et al; 2018, Janabi et al; 2023

Relapse rate significant from several reports of prosthetic joint infections 
• Gatti et al; 2021, De Vito et al; 2023 

Decreased efficacy in high inoculum infections 
• in vitro studies indicating lack of bactericidal activity 
• adjunctive therapy with daptomycin or only as sequential therapy

• Kebriaei et al; 2023 
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Study of 16 patients (58% periprosthetic joint infections/ 42% osteoarticular)
• 42% MRSA/42% MSSA /16% E. faecalis, 9% S. anginosus
• TDM: recommended for osteoarticular infections

• need to maintain concentration > 8 µg/mL

Dose: 1500 mg every 39-47 days (6 - 12 injections ) over 15 months
• > 90% could achieve dalbavancin concentration > 8 µg/mL
Caveat: 
• hypoalbulinemia, overweight, renal insufficiency:

• can result in suboptimal drug exposure for staphylococcal infections
Reality for BC:
• no current TDM
• $12,000-24,000 - drug costs alone
• risk for resistance??
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Optimal Duration of Antibiotics
LESS IS  MORE
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Duration of therapy: 3-5 days

Minimum 3 days if clinically stable:
• temperature ≤ 37.80C 
• heart Rate < 100/min
• respiratory rate < 24/min
• O2 on room air 
• blood pressure ≥90mm HG
• normal/baseline mental status

Exceptions: 
P. aeruginosa
Stenotrophomonas maltophilia
Legionella spp



Paediatric Pneumonia

•  2008 Cochrane review non severe CAP: 3 days as effective as 5 days 

• WHO 2009:3-5 days for pneumonia

• UK NICE guidelines: 5days

Note:  CPS ( 2015) / AAP( 2011) : still recommend 7-10 days

5 days superior to 10 days
• risk of antimicrobial resistance assessed in 171 children
• significantly lower in 5 vs 10 day course
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Cellulitis

Management:

•outpatient for majority
• Streptococci spp 90%/ S.aureus 10% 

• cefazolin vs ceftriaxone
• cephalexin

• duration of therapy: 5 days

55



Gram negative bacteremia:

Support for 7day course if clinical response within 7 days
• may protect against development of resistance
• oral step down therapy with bioavailable agent

• pyelonephritis – initial 1-2 doses ceftriaxone
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Where Are We Now?
MAKING PROGRESS
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RIH – Antimicrobial Stewardship
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RIH penicillin allergy delabelling:
•  25% penicillin allergy inpatients on antibiotics – delabelled

• 1/3 by history alone 
• low-risk allergies eligible for direct oral challenges:

• 50% delabelled ( 40% received a direct oral challenge)
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Preventing Antibiotic Harm  |  Asthma

Growing evidence:

reducing antibiotics in infancy may significantly reduce childhood asthma.
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