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DISCLOSURE

 Nothing to disclose



OBJECTIVES

 Identify pathogens commonly associated with hospital-acquired infections

 Discuss antibiotics recently introduced to the market which are able to treat 
multidrug-resistant pathogens 

 Determine potential applications of the newer antibiotics



CAUSATIVE PATHOGENS IN HEALTHCARE-ASSOCIATED 
INFECTIONS

NEJM 2014;370:1198-208.



IMPACT OF ANTIBIOTIC RESISTANCE

Organism Increased Risk of Death 
(OR)

Attributable Length of Stay 
(Days)

Attributable Cost

MRSA bacteremia 1.9 2.2 $6,916

MRSA surgical infection 3.4 2.6 $13,901

VRE infection 2.1 6.2 $12,766

Resistant Pseudomonas
infection

3.0 5.7 $11,981

Resistant Enterobacter
infection

5.0 9.0 $29,379

Carbapenem-resistant 
Enterobactereciae

1.12 5.0 $10,312

Clin Infect Dis 2006;42:S82-9.
Adapted from slide by George Nelson



PREVALENCE OF MRSA

Crit Care 2017;21:211-21.
Nat Rev Microbiol. 2009;7:629-41.



ABSSSI MICROBIOLOGY AND TREATMENT OPTIONS

MRSA
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MSSA
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Negative
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 Treatment options

 Clindamycin

 Trimethoprim-sulfamethoxazole

 Doxycycline

 Linezolid

 Tedizolid

*ABSSSI = acute bacterial skin and skin structure infection NEJM. 2006;355:666-74

Linezolid, N=102
N (%)

Tedizolid, N=25
N (%)

Adverse event 45 (45) 11 (44)

Peripheral neuropathy 24 (24) 5 (20)

Dsytonia-like reaction 0 3 (12)

Thrombocytopenia 6 (6) 1 (4)

Anemia 8 (8) 0

Gastrointestinal
intolerance

9 (9) 5 (20)

Presenter
Presentation Notes
or the microbiological outcome at the end of therapy (EOT) and TOC, 384 (64.0%) patients presented with a culture-confirmed Gram-positive pathogen at the baseline. S. aureus was the most commonly isolated pathogen (n = 258), and of those 258 S. aureus isolates, 138 (53.4%) were MRSA (Table 1). The MIC50/MIC90 values for iclaprim and vancomycin for S. aureusisolates were 0.12/0.5 μg/ml a


Although more than 80 percent of patients with skin and soft-tissue infections associated with MRSA in this study received empirical antimicrobial therapy for their infection, the infecting isolate was resistant to the agent prescribed for 57 percent of these patients. This finding suggests a need to reconsider empirical antimicrobial choices for skin and soft-tissue infections in areas where MRSA is prevalent in the community.

In 100 of 175 MRSA infections for which antibiotic treatment was provided (57 percent), antibiotic therapy was not concordant with the results of susceptibility testing.
MRSA susceptibilities were as follows: 100 percent were susceptible to trimethoprim–sulfamethoxazole (217 of 217) and to rifampin (186 of 186); 95 percent were susceptible to clindamycin (215 of 226), 92 percent to tetracycline (207 of 226), 60 percent to fluoroquinolones (106 of 176), and 6 percent to erythromycin (13 of 226). Although the proportion of all S. aureus isolates (MRSA and MSSA) that were resistant to clindamycin was less than 15 percent at 10 of the study sites, 6 of 10 S. aureus isolates from New York City (60 percent) were resistant to clindamycin. Among the isolates that were sent to the CDC, 11 of 218 MRSA isolates (5 percent) and 7 of 55 MSSA isolates (13 percent) were not susceptible to clindamycin, including 4 (2 percent) MRSA isolates and 5 (9 percent) MSSA isolates with inducible clindamycin resistance detected by an antimicrobial-susceptibility D-zone disk-diffusion test. 
nd 1/1 μg/ml, respectively.
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 Outpatient treatment options
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 Linezolid

 Tedizolid
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 Delafloxacin

NEJM. 2006;355:666-74
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ORITAVANCIN - SOLO I

JAMA 2014;370:2180.



ECONOMIC IMPACT OF ORITAVANCIN FOR ABSSSI IN THE ED

Clin Ther 2016;38:136.



HOSPITAL BUDGET IMPACT ANALYSIS
HOSPITALS WITH AMBULATORY SERVICES

Clin Drug Investig 2016;36:157.

$1.3million (13%)
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DELAFLOXACIN VERSUS TIGECYCLINE FOR ABSSSI

Int J Infect Dis 2015;3:67-73.

Presenter
Presentation Notes
Phase II



DELAFLOXACIN VERSUS VANCOMYCIN OR LINEZOLID FOR ABSSSI

J Antimicrob Chemother 2016;71:821-29.



TREATMENT OF SYSTEMIC MRSA INFECTIONS

 Vancomycin

 Dial-up internet bactericidal killing

 Linezolid

 Static activity

 Daptomycin

 Ceftaroline

 Synergistic combinations with daptomycin

 Oritavancin and dalbavancin

Antimicrob Agents Chemother 2013;57:66-73.



ORITAVANCIN FOR BACTEREMIA AND ENDOCARDITIS

Patient # Indication Reason for Use Doses 
(#)

ADEs Clinical 
Outcome

Comments

1 MSSA CLABSI Refused OPAT 1 Nausea Cure PICC removed; Longer
duration than recommended

2 MSSA bacteremia & wound 
infection

Refused OPAT 1 None Cure

3 MSSA bacteremia, iliopsoas 
abscess & sacral osteomyelitis

IVDU 1 None Fail Developed endocarditis likely 
due to persistent source

4 MSSA bacteremia & psoas 
abscess

IVDU 1 None Lost to follow-
up

5 MSSA bacteremia OPAT non-
compliance

1 None Cure Source was cellulitis

6 MRSA bursitis Refused OPAT 1 Nausea Cure Underwent 2 I&Ds prior to 
start of oritavancin

7 MSSA deep tissue infection Allergies 3 Hearing 
Loss

Fail Prior antibiotics included 
vancomycin x 6 weeks, 
clindamycin x 20 weeks

Infect Dis Ther 2017;6:277-89.
Open Forum Infect Dis 2015;2:1-5.

Failure rate between 28% - 40% (overall)



DALBAVANCIN AND INFECTIVE ENDOCARDITIS DUE TO
S. AUREUS

Duration 
(weeks)

Type of IE Prior Therapy (duration, week) Failure ADEs Regimen

2 Native Flucloxacillin & fosfomycin (2)
Cefazoline & daptomycin (4)

No None Once

2 Native Flucloxacillin & daptomycin (5) No None Twice

2 Native Cefuroxime & daptomycin (4) No None Twice

4 Native Vancomycin (1) Yes None Twice

6 Prosthetic Flucloxacillin & rifampin (2) No None Once

6 Native Flucloxacillin & daptomycin (1) No None Twice

6 Native Flucloxacillin & fosfomycin (1) No None Twice

>6 CDE Flucloxacillin (1) Resistant None Once

>6 Native Ceftriaxone (1)
Daptomycin (1)

No None Twice

>6 Prosthetic Flucloxacillin & rifampin (1) No None Twice

J Clin Pharm Ther 2018;43:101-3.
Clin Infect Dis 2018;67:795-8.



ENTEROCOCCAL RESISTANCE

INTRINSIC

 Cephalosporins

 Penicillinase-resistant penicillins

 Aminoglycosides (excluding synergy)

 Clindamycin

 Fluoroquinolones

 Trimethoprim-sulfamethoxazole (in vivo)

 Vancomycin

 E. casseliflavus

 E. gallinarium

ACQUIRED

 Cephalosporins

 Penicillinase-resistant penicillins

 Aminoglycosides (excluding synergy)

 Tetracycline

 Erythromycin

 Fluoroquinolones

 Rifampin

 Nitrofurantoin

 Vancomycin 



TREATMENT OF VANCOMYCIN-RESISTANT ENTEROCOCCUS
 Penicillin
 Ampicillin

 Combination with ceftriaxone for endocarditis

 Daptomycin
 Beta-lactam combinations

 Linezolid
 Tedizolid

 Poor urine penetration

 Quinupristin-dalfopristin
 E. faecium only

 Tigecycline
 Not for bloodstream infections

 Oritavancin
 Active against vanA

 Dalbavancin
 Active against vanB



ORITAVANCIN AND DALBAVANCIN FOR ENTEROCOCCAL
BACTEREMIA

Antibiotic Type of IE, 
if present

Prior Therapy (duration, week) Failure ADEs Notes

Oritavancin Bacteremia Ampicillin (4) No None

Oritavancin Prosthetic Daptomycin & tigecycline (4)
Linezolid (4)

Yes Nausea,
LFT 
increase

16 weeks of 
once or twice 
weekly 
dosing

Dalbavancin Prosthetic Vancomycin (3) Death No

Dalbavancin Native Ceftriaxone & ampicillin (2) No None

Dalbavancin Native Ceftriaxone & ampicillin (1) No None

Clin Infect Dis 2018;67:795-8.
Infect Dis Ther 2017;6:277-89.

Open Forum Infect Dis 2015;2:1-5.



TREATMENT OF VANCOMYCIN-RESISTANT ENTEROCOCCUS
 Penicillin

 Ampicillin
 Combination with ceftriaxone for endocarditis

 Daptomycin
 Beta-lactam combinations

 Linezolid

 Tedizolid
 Poor urine penetration

 Quinupristin-dalfopristin
 E. faecium only

 Tigecycline
 Not for bloodstream infections

 Oritavancin
 Active against vanA

 Dalbavancin
 Active against vanB

 Fosfomycin IV
 Oral only indicated for uncomplicated cystitis



FOSFOMYCIN IV

 Not available in US

 Pending approval

 Available in Europe

 Phosphoenolpyruvate analog

 Bacterial cell wall inhibition by binding to and inactivating enolpyruvate transferase

 Broad spectrum activity, including VRE

 Except many Pseudomonas and Acinetobacter species

 Clinical uses

 Urinary tract infections, intra-abdominal infections, pulmonary infections, osteomyelitis, bacteremias



THE RISE OF MDR PSEUDOMONAS

Clin Microbiol Rev. 2009 Oct; 22(4): 582–610.

Presenter
Presentation Notes
Defined as resistance to three or more drug classes



CEFTOLOZANE-TAZOBACTAM

Antimicrob Agents Chemother. 2010 Sep;54(9):3933-7

Antimicrob Agents Chemother. 2007 Mar;51(3):826-30



SUSCEPTIBILITY RATES OF CEFTOLOZANE-TAZOBACTAM
AND CEFTAZIDIME-AVIBACTAM

 Meropenem non-susceptible Pseudomonas
isolates

 Resistance to > 1 beta-lactam

 Ceftazidime-avibactam inhibitory activity was 
significantly lower than ceftolozane-tazobactam

Antimicrob Agents Chemother. 2017;61:e00875-17.



COLISTIN: TO COMBINE OR NOT TO COMBINE

Lancet Infect Dis 2018;18:391-400.



ESBL GEOGRAPHIC VARIATION

Antimicrob Agents Chemother. 2014;58(2):833-8

Presenter
Presentation Notes
Castanheira. AAC. 2014;58(2):833-8.

Contemporary diversity ofβ-lactamases among Enterobacteriaceae in the nine U.S. census regions and ceftazidime-avibactam activity tested against isolates producing the most prevalentβ-lactamase groups.AUCastanheira M, Farrell SE, Krause KM, Jones RN, Sader HS SOAntimicrob Agents Chemother. 2014;58(2):833-8. Epub 2013 Nov 18. 

Escherichia coli (328 isolates), Klebsiella pneumoniae (296), Klebsiella oxytoca (44), and Proteus mirabilis (33) isolates collected during 2012 from the nine U.S. census regions and displaying extended-spectrum-β-lactamase (ESBL) phenotypes were evaluated for the presence ofβ-lactamase genes, and antimicrobial susceptibility profiles were analyzed. The highest ESBL rates were noted for K. pneumoniae (16.0%, versus 4.8 to 11.9% for the other species) and in the Mid-Atlantic and West South Central census regions. CTX-M group 1 (including CTX-M-15) was detected in 303 strains and was widespread throughout the United States but was more prevalent in the West South Central, Mid-Atlantic, and East North Central regions. KPC producers (118 strains [112 K. pneumoniae strains]) were detected in all regions and were most frequent in the Mid-Atlantic region (58 strains). Thirteen KPC producers also carried blaCTX-M. SHV genes encoding ESBL activity were detected among 176 isolates. Otherβ-lactamase genes observed were CTX-M group 9 (72 isolates), FOX (10), TEM ESBL (9), DHA (7), CTX-M group 2 (3), NDM-1 (2 [Colorado]), and CTX-M groups 8 and 25 (1). Additionally, 62.9% of isolates carried≥2β-lactamase genes. KPC producers were highly resistant to multiple agents, but ceftazidime-avibactam (MIC50/90, 0.5/2μg/ml) and tigecycline (MIC50/90, 0.5/1μg/ml) were the most active agents tested. Overall, meropenem (MIC50,≤0.06μg/ml), ceftazidime-avibactam (MIC50, 0.12 to 0.5μg/ml), and tigecycline (MIC50, 0.12 to 2μg/ml) were the most active antimicrobials when tested against this collection. NDM-1 producers were resistant to allβ-lactams tested. The diversity and increasing prevalence ofβ-lactamase-producing Enterobacteriaceae have been documented, and ceftazidime-avibactam was very active against the vast majority ofβ-lactamase-producing strains isolated from U.S. hospitals.




TREATMENT OF ESBL-PRODUCING GRAM-NEGATIVES

 Fluoroquinolones

 Carbapenems

 Ertapenem

 Meropenem

 Imipenem-cilastatin

 Colistin

 Ceftazidime-avibactam

 Tigecycline

 Should not be used for bacteremia

 Higher mortality in VAP

 Fosfomycin (IV or PO)

 Piperacillin – tazobactam

 MERINO Trial



PIPERACILLIN-TAZOBACTAM VERSUS MEROPENEM

Primary Outcome: All-cause mortality at 30 days

Clinical and Microbiological Success at Day 4

Microbiological Relapse

JAMA 2018;320:984-94.



CDC THREAT REPORT



HISTORY OF CRE TREATMENT

 Polymixins (colistimethate, polymixin B)

 Nephrotoxicity, neurotoxicity, hepatotoxicity

 Multiple formulations  dose confusion/potential for error

 Aminoglycosides

 Bactericidal

 Nephrotoxicity, ototoxicity 

 Worse outcomes with monotherapy

 Tigecycline

 Bacteriostatic

 Poor option for bacteremia and pneumonia

 Fosfomycin (IV or PO)

 Combination therapy with polymixin + carbapenem

Diagn Microbiol Infect Dis. 2013 February;75(2): 115–120.



CRE – MEROPENEM DOSING STRATEGIES

Clin Microbiol Infect 2011;17:1135–1141.

Presenter
Presentation Notes
If we do utilize combination therapy with meropenem – want to do higher dose over 3 hours to overcome mic and increase target attainment (Clin Microbiol Infect 2011; 17: 1135–1141)




COMBINATION THERAPY FOR CRE

 125 patients with KPC 
bloodstream infections

 89% isolates resistant to 
meropenem with MIC ≥ 4

 30 day mortality 41.6%

 Monotherapy 54.3% 

combination 34.1%

p=0.02

Clin Infect Dis 2012;55:943-50.

Presenter
Presentation Notes
Adequate therapy defined as if at least 1 drug displaying in vitro activity against the isolate
Synergy suggested from animal studies showing that meropenem still has activity with mic < or = to 4 and activity enhanced with colistin
Despite meropenem MIC, it seems that patients still had better outcomes when carbapenem was used



COMBINATION REGIMENS FOR CRE TREATMENT

 Multicenter CRE treatment study

 256 patients received 69 unique regimens 

 1-4 drugs in combination

Anti Microb Agents Chemother 2012;56:2108-13.
Open Forum Infect Dis 2017;4:2:ofx063

Presenter
Presentation Notes
Just shows the variation in combination therapy options



CEFTAZIDIME + AVIBACTAM

 Avibactam reduces MIC against 
Enterobacteriaceae 4-1024 fold

 4 fold against Pseudomonas

 Enzyme inhibition

 Ambler class A and C enzymes

 CTX-M, SHV, TEM, KPC, AmpC, etc.

 Some Ambler D class enzymes

 OXA enzymes

Drugs 2013; 73:159–177
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CEFTAZIDIME-AVIBACTAM VERSUS BEST AVAILABLE THERAPY (BAT) 
FOR CEFTAZIDIME-RESISTANT ENTEROBACTERIACEAE

Lancet Infect Dis 2016;16:661-73.



CEFTAZIDIME-AVIBACTAM SUPERIORITY AGAINST CRE K. 
PNEUMONIAE BACTEREMIA

Antimicrob Agents Chemother 2017;61:e00883-17.



CEFTOLOZANE-TAZOBACTAM VERSUS CEFTAZIDIME-
AVIBACTAM FOR MULTIDRUG-RESISTANT GRAM-NEGATIVES

 Comparison of activity against 120 MDR bacterial strains

Int J Infect Dis. 2017; 62: 39–43 
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MEROPENEM - VABORBACTAM

 Well known carbapenem + novel beta-lactamase inhibitor

 Vaborbactam

 Cyclic boronic acid beta-lactamase inhibitor 

 Lacks in vitro antibacterial activity

 Potent inhibitor of 

 Class A (KPC, CTX-M, SHV, TEM)

 Class C (P99, MIR, FOX)

 Most effective in inhibiting KPC when combined with meropenem versus other beta-lactams

 Slowly reversible binding, residence time ~16 hours

Antimicrob Agents Chemother. 1989 Apr;33(4):562-5

Antimicrob Agents Chemother. 1989 Jul;33(7):1009-18.



MIC DISTRIBUTIONS FOR KPC-PRODUCING ENTEROBACTERIACEAE

Antimicrob Agents Chemother. 2016 Aug 22;60(9):5454-8

Antimicrob Agents Chemother. 2017 Dec 21;62(1)



MEROPENEM-VABORBACTAM

TANGO I

TANGO II

JAMA. 2018 Feb 27;319(8):788-799.

Presenter
Presentation Notes
All cause mortality lower in vabomere group and death related to sepsis greater in the BAT group compared to that of vabomere
Regardless of various medications used in combination therapy or monotherapy, vabomere had higher rates of clinical cure at EOT or TOC (18/28 [64.3%] and 16/28 [57.1%] respectively) except when compared to ceftazidime/avibactam (although there was only 1 patient treated with this agent). 




WHICH ONE TO CHOOSE?

Clin Infect Dis. 2016;63(2):234–41
Clin Infect Dis 2018 [Epub ahead of print].



WHICH ONE TO CHOOSE?

Clin Infect Dis. 2016;63(2):234–41
Clin Infect Dis 2018 [Epub ahead of print].



CEFIDEROCOL

 Not yet FDA-approved

 Siderophore cephalosporin

 Catechol siderophore side chain

 Utilizes iron as “Trojan Horse”

 Cefiderocol and iron ions are transported into 
bacterial cell

 Accelerated influx

 Catechol siderophore carries cephalosporin 
(Greek soldiers) into the cell (city of Troy)

Trends Mol Med.2016. 22(12):1077-90.
Oral 859. Cefiderocol. IDWeek 2017.

Presenter
Presentation Notes
C7 side chain akin to Cefazadime 
enhances stability against B-lactamase
C3 side chain akin to Cefepime
Prevents recognition by b-lactamases
Catechol moiety novel siderophore
Avidly binds free Fe and transported across cell wall


Battle for Iron
Host macrophages at infection recognition release cytokines such as IL6 which regulate hepatic to release hepcidin and lactoferrin (binds Fe), neutrophils that aggregate also release lactoferrin creating hyperferremic environment. In response bacteria upregulate siderophores peptides which bind available Fe, these complexes are then transported into bacteria periplasmic space. Ciderophore abx are also transported by so called trojan horse analogy. 



CEFIDEROCOL GRAM-NEGATIVE ACTIVITY

 99.6% of 9205 gram-negative rods inhibited by 
cefiderocol

 Enterobacteriaceae, Pseudomonas, Acinetobacter, 
Stenotrophomonas

 98.3% of meropenem-resistant gram-negative 
strains inhibited

 In vitro activity against CRE, including KPC or 
metallo-beta-lactamases (eg. NDM-1)

Antimicrob Agents Chemother. 2017. 61 no. 9e00093-17

Cefiderocol MIC distributions meropenem-resistant isolates

Enterobacteriaceae (white; n = 30)
P. aeruginosa (gray; n = 151)
A.baumannii (black; n = 173)

Presenter
Presentation Notes

Cefiderocol MIC distributions for meropenem-nonsusceptible Enterobacteriaceae (white bars; n = 30), P. aeruginosa (gray bars; n = 151), and A. baumannii (black bars; n = 173) isolates collected by North American medical center laboratories.



DEVELOPMENT PROGRAM

APEKS*-cUTI APEKS-NP CREDIBLE-CR

Feature Site/indication 
focus

US Pivotal

Site/indication 
focus

Pathogen focus
Europe Pivotal

Population cUTI/AUP HAP/VAP/HCAP cUTI, 
HAP/VAP/HCAP,
BSI, sepsis 2/2 

CR GNR

Design Double blind RCT 
2:1

Double blind RCT 
1:1

Open lable RCT 
2:1

Comparator Imipenem Meropenem BAT**

Status Completed
NCT02321800

On-going
NCT0303280

On-going
NCT02714595

*APEKS = Acinetobacter, Pseudomonas, E. coli, Klebsiella, Stenotrophomonas
**BAT= Best Available Therapy



APEKS-CUTI

Portsmouth et al. OS0250D  ECCMID 2017

Presenter
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OS0250D
Cefiderocol Compared with Imipenem/Cirastatin in the Treatment of Adults with Complicated Urinary Tract Infections with or without Pyelonephritis or Acute Uncomplicated Pyelonephritis: Results from a Multicenter, Double-blind, Randomized Study
Mari Ariyasu, Osaka, Japan
Simon Portsmouth, David van Veenhuyzen, Roger Echols, Mitsuaki Machida, Juan Camilo Arjona Ferreira, Mari Ariyasu, Tsutae Nagata
22 April 2017
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PLAZOMICIN

 Not yet FDA-approved

 Next generation aminoglycoside

 Unique structure protects against resistance

 Spectrum of activity

 CRE Enterobacteriaceae

 ESBL Klebsiella

 ESBL E.coli

 S. aureus

Antimicrob Agents Chemother. 2010. 54; 11: 114636-42
Expert Rev Anti Infect Ther. 2012. 10(4):459-73.
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Comparison of the next-generation aminoglycoside plazomicin to gentamicin, tobramycin and amikacin.Zhanel GG, Lawson CD, Zelenitsky S, Findlay B, Schweizer F, Adam H, Walkty A, Rubinstein E, Gin AS, Hoban DJ, Lynch JP, Karlowsky JA
Expert Rev Anti Infect Ther. 2012 Apr; 10(4):459-73.

AMEs freuqently found with other AMR mechanisms (b lactamase/CPs)
Once daily infusion

FDA accepted NDA for fast track review Jan 2018






PHASE 3 DEVELOPMENT PLAN

 EPIC  cUTI vs meropenem

 Met non-inferiority FDA 1⁰ endpoints

 Superiority for EMA 1 ⁰ endpoints

 CARE CRE vs colistin (both +/- meropenem or 
tigecycline)

 69 patients 

 Top-line CARE data: lower mortality rate compared 
to colistin

Golan et al. Poster 1859, IDWeek 2017
Friedland. Oral 860. Plazomicin. IDWeek 2017. 
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69 patients in the CARE trial and announced top-line CARE data at the same time as the EPIC results. In the Phase 3 CARE trial, a lower rate of mortality or serious disease-related complications was observed for plazomicin compared to colistin therapy.




CONCLUSIONS

 Multidrug-resistant bacteria are an ever increasing problem within institutions and the community

 Mindful use of antibiotics if of imperative importance

 Optimal dosing strategies

 Combination therapy versus monotherapy

 Not a single “right” answer to treat these pathogens

 Increasing information to guide appropriateness
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