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Objectives
• Overview of burden of common antimicrobial resistance (AMR) 

patterns
• Methicillin Resistant Staphylococcus aureus (MRSA)
• Vancomycin Resistant Enterococcus (VRE)
• Extended Spectrum β lactamase (ESBL), Amp-C, FQ-R

• Common syndromes with multidrug resistance (MDR)
• Initial evaluation

• Antibiotic stewardship perspective

• Brief update on emerging drug resistance
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I could spend entire lectures on each of the above, but will focus on some representative themes and highlight what is most of interest from a primary care perspective. 
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What Causes Antimicrobial Resistance?

CDC. Antimicrobial resistance threats in the US, 2013

Antibiotic pressure most important driver
Shown in both individual patients and populations

Up to 29 fold increase in AMR  (drug, exposure, population dependent)
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Natural selection, essentiallyThe single best way to develop a resistant bacteria is to receive an antimicrobial with OR of development of AMR in both individual patients and populations has been up to 29fold increase depending on drug, exposure, and patient population studied.



Resistance in Individual Patients

Costelloe C et al. BMJ 2010; 340

UTIs URIs

Costelloe . BMJ 2010; 340
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This plot shows that at all time periods the odds of resistance were greater in patients exposed to these antibiotics than in those who were unexposed and that the strongest association was at 0-1 months, with reduced association at subsequent time points, and a small but important residual association within 12 months.Objective To systematically review the literature and, where appropriate, meta-analyse studies investigating subsequent antibiotic resistance in individuals prescribed antibiotics in primary care.Design Systematic review with meta-analysis.Data sources Observational and experimental studies identified through Medline, Embase, and Cochrane searches.Review methods Electronic searches using MeSH terms and text words identified 4373 papers. Two independent reviewers assessed quality of eligible studies and extracted data. Meta-analyses were conducted for studies presenting similar outcomes.Results The review included 24 studies; 22 involved patients with symptomatic infection and two involved healthy volunteers; 19 were observational studies (of which two were prospective) and five were randomised trials. In five studies of urinary tract bacteria (14 348 participants), the pooled odds ratio (OR) for resistance was 2.5 (95% confidence interval 2.1 to 2.9) within 2 months of antibiotic treatment and 1.33 (1.2 to 1.5) within 12 months. In seven studies of respiratory tract bacteria (2605 participants), pooled ORs were 2.4 (1.4 to 3.9) and 2.4 (1.3 to 4.5) for the same periods, respectively. Studies reporting the quantity of antibiotic prescribed found that longer duration and multiple courses were associated with higher rates of resistance. Studies comparing the potential for different antibiotics to induce resistance showed no consistent effects. Only one prospective study reported changes in resistance over a long period; pooled ORs fell from 12.2 (6.8 to 22.1) at 1 week to 6.1 (2.8 to 13.4) at 1 month, 3.6 (2.2 to 6.0) at 2 months, and 2.2 (1.3 to 3.6) at 6 months.Conclusions Individuals prescribed an antibiotic in primary care for a respiratory or urinary infection develop bacterial resistance to that antibiotic. The effect is greatest in the month immediately after treatment but may persist for up to 12 months. This effect not only increases the population carriage of organisms resistant to first line antibiotics, but also creates the conditions for increased use of second line antibiotics in the community.
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Outpatient Antibiotic Use
• At least 30% of antibiotics in 

outpatient setting unnecessary

• Total inappropriate use 
approaches 50%

• Considering agent, dose, duration

• >60% use in outpatients

• Southeast U.S. highest rates
CDC. Threat Report. 2013
Fleming-Dutra . JAMA. 2016;315(17):1864-1873
Hicks. CID. 2015;60(9):1308–16
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 Per 1000 population, among all conditions and ages combined in 2010-2011, an estimated 506 antibiotic prescriptions (95% CI, 458-554) were written annually, and, of these, 353 antibiotic prescriptions were estimated to be appropriate antibiotic prescriptions.



Impact of Antibiotic Resistance
Organism Increased risk of 

death (OR)
Attributable LOS 

(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 $29,379

Carbapenem-R 
Enterobactereciae**

1.12 5.0 $10,312

Cosgrove. CID. 2006; 42:S82-9
**Zilberberg. BMC Infet Dis. 2017; 17: 279

Every study, regardless of organism and AMR
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Similar impacts have been shown for numerous MDROs including, acinetobacter and CRE. 



MDR- No ESKAPE!
• ESKAPE pathogens most significant multidrug-resistant (MDR) 

hospital pathogens

• Enterococcus faecium
• Staphylococcus aureus
• Klebsiella pneumoniae
• Acinetobacter baumannii
• Pseudomonas aeruginosa
• Enterobacter species

Rice. JID. 2008;197:1079-1081 
Boucher. CID. 2009;48:1-12

Peleg and Hooper. NEJM 2010 May 13;362(19):1804-13
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The most significant multidrug-resistant (MDR) pathogens in hospitals have been referred to as the ESKAPE bugs: Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species.1,2 This presentation will focus on gram-negative pathogens, including the latter 4 ESKAPE bugs.There are no standard definitions for MDR, extreme-drug resistant (XDR), or pandrug-resistant (PDR) organisms. This can make comparisons between studies challenging.References:1. Rice LB. J Infect Dis. 2008;197:1079-1081. 2. Boucher HW, et al. Clin Infect Dis. 2009;48:1-12.



How Much Antibiotic Resistance in TN?

• Patient Safety Atlas (CDC)
• CLABSI, CAUTI, and SSI in U.S. hospitals
• Other infections/carriage not addressed
• Reported to CDC
• Not representative of US population
• Most recent data 2014

Found at: https://gis.cdc.gov/grasp/PSA/MapView.html



Regional MDR E. coli

Found at: https://gis.cdc.gov/grasp/PSA/MapView.html



Patient Atlas Summary
Organism Phenotype National (%) Tennessee (%) TN isolates

All CRE 3.5 1.3 33/2466

Enterobacter MDR 7.9 9.5 40/423

Klebsiella MDR 14.2 6.1 46/750

E. coli MDR 7.5 7.1 116/1625

Acinetobacter MDR 54.8 51.5 53/115

TN below national average
Isolate counts low

https://gis.cdc.gov/grasp/PSA/MapView.html



Local Differences Matter
Institution-specific monitoring is essential to detect local differences in susceptibilities
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AMK CFP IMP P-T AMK CFP IMP P-T AMK CFP IMP P-T

Nationwide Brooklyn

P aeruginosa
n* = 1,325/597

A baumannii
n* = 677/431

K pneumoniae
n* = 1,292/997

AMK = amikacin; CFP = cefepime; IMP = imipenem; P-T = piperacillin-tazobactam.
* Number of isolates in nationwide and Brooklyn studies, respectively.

Dowzicky. Clin Ther. 2008;30:2040-2050
Landman. JAC. 2007;60:78-82

Institution-specific monitoring is essential to detect local differences in susceptibilities
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Global, national, or even regional surveillance studies do not reflect local resistance patterns. This is a local surveillance study form 2006 in 15 Brooklyn hospitals demonstrating lower susceptibility rates than a nationwide study from the same year. Need to have local data to drive treatment strategies. 
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Emerging Community MRSA

• Waves of Staphylococcal 
Resistance

• MRSA emerged in 1960s
• Initially elderly patients in 

healthcare facilities
• MRSA eventually found in 

healthy individuals in 
community

• Designated community-
associated MRSA (CA-MRSA)

Jevons.  BMJ, 1 (1961), pp. 124-125
Udo. J Hosp Infect, 25 (1993), pp. 97-108
Chambers. Nat Rev Microbiol. 2009 Sep;7(9):629-41
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M.P. JevonsCelbenin-resistant staphylococciBMJ, 1 (1961), pp. 124-125E.E. Udo, J.W. Pearman, W.B. Grubb Genetic analysis of community isolates of methicillin-resistant Staphylococcus aureus in Western AustraliaJ Hosp Infect, 25 (1993), pp. 97-108



Is This Skin Infection MRSA?

• Clinical/epidemiologic factors 
• Poor MRSA predictors

• Is there purulence??
• Probably most helpful

• Risk Factors exist
• Healthcare exposure, nursing home residence, recent surgery, dialysis, HIV infection, 

IVDU, prior antibiotics, exposure related (incarceration, etc)

• Cultures may be difficult to interpret
• If abscess drained can provide useful info (Clinda, FQ, TMP/SMX, Doxy susceptibility)



https://w
w

w
.cdc.gov/m

rsa/pdf/flow
chart_pstr.pdf
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SSTI Microbiology

MRSA
57%

MSSA
16%

Strep spp
7%

Culture 
Negative

9%>50% MRSA

>50% MRSA patients
received ineffective antibiotics

Susceptibilities (2006)
TMP/SMX 100%
Clindamycin 95%
Doxycycline 92%
Quinolones 60%

Moran. NEJM. 2006 Aug 17;355(7):666-74
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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 aAlthough 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.



Do we need to rethink cellulitis treatment?

• Empiric MRSA coverage typically reasonable given high prevalence

• Purulence present, then MRSA coverage indicated!

• If no purulence, may not require MRSA coverage
• Prospective study:  non-purulent SSTI with >70% due to Strep, >95% response 

to β-lactam
• Retrospective study:  ↑ treatment failure with TMP/SMX vs β-lactam

Jeng. Medicine 2010; 89:217-26
Elliott. Pediatrics 2009; 123:e959-66
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Based on high % of MRSA and high proportion of those patients who received ineffective therapy, the Moran study asked the question if we needed to rethink treatment algorithm. In keeping with the CDC guidance that has since been updated, MRSA coverage likely reasonable. This is especially true for skin infections with purulence. Non purulent infections may not require up front for uncomplicated cellulitis w/o risk factors. 



What antibiotic do I choose?

• This is where antibiogram important

Sutter. Pediatrics. 2016 Apr;137(4). pii: e20153099
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Over the study period, S aureus isolates from 2005 to 2014 demonstrated a significant overall trend of decreased susceptibility to clindamycin, ciprofloxacin, and TMP/SMX and an increase in susceptibility to erythromycin, gentamicin, and oxacillin (Table 1). Susceptibility to oxacillin declined from 59.4% in 2005 to a nadir of 53.6% in 2007. From 2007 to 2014, oxacillin susceptibility steadily increased, eventually reaching 68.4% susceptibility (a 14.8% increase). Ciprofloxacin susceptibility significantly decreased overall, although an initial decrease of 10.6% over the first 7 years of the study was subsequently followed by an increase of 6% between 2011 and 2014. Despite the statistically significant decline, S aureus remained highly susceptible to TMP/SMX (98.4% susceptible in 2014). Clindamycin susceptibility declined with 86% of isolates susceptible in 2014. Although susceptibility to erythromycin increased during the same period, most isolates remained erythromycin-resistant in 2014 (Table 1).Differences in antimicrobial susceptibility between MRSA and MSSA are presented in Figure 1. Overall, MSSA susceptibility to clindamycin declined from 90.7% to 83.8% (P < .0001), whereas MRSA rates remained stable. In 2014, 90.5% of MRSA and 83.8% of MSSA were reported as clindamycinsusceptible. MRSA and MSSA remained highly susceptible to TMP/SMX. Despite a small increase in susceptibility to tetracycline among MRSA and a decrease among MSSA, all S aureus remained highly susceptible to tetracycline. MSSA isolates had a 34.8% higher rate of susceptibility to ciprofloxacin when compared with MRSA isolates. Erythromycin susceptibility remained stable among MSSA isolates throughout the study period at 63.5%, whereas MRSA susceptibility to erythromycin increased from 12.1% to 20.5%. The majority of S aureus isolates were isolated from outpatients with SSTIs (Tables 2 and 3)



Inducible Clindamycin-R: D-Test

Positive test for
inducible resistance. 

Resistant to 
erythromycin and 

clindamycin. 

Negative test for
inducible 

resistance.
Erythromycin-R but 

Clindamycin-S.

D E CE C

Rich. Vet Microbiol. 2005 Dec 20;111(3-4):237-40
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Small zone of inhibition therefore resistant to erythro….the zone of ihibition around the clinda disk with the zone flattened in the quadrant near to erythro disk shows susceptibility to clinda in vitro by inducible resistance may occur during treatment with clinda….THEREFORE IF D ZONE TEST POSITIVE DON”T USE CLINDAThe blurring epidemiologic distinction between HA-MRSA and CA-MRSA was also illustrated by the United States Active Bacterial Core surveillance network report of 8987 invasive MRSA infections in 2005. In this report, the rate of invasive MRSA infection was 32 per 100,000, the incidence of MRSA among patients ≥65 was 128 per 100,000, and the mortality rate was 6.3 per 100,000 [4]. By extrapolation from these data, the authors estimated that, in 2005 in the United States, there were 94,360 cases of invasive MRSA infection with 18,650 deaths. Of those, 27 percent were HA-MRSA infections with onset in the hospital, 58 percent were associated with healthcare and occurred within one year of a medical procedure (HA-MRSA infections with community onset), and 14 percent were community-acquired infections. The authors concluded that MRSA infections are primarily related to healthcare but are no longer confined to intensive care units, acute care hospitals, or any healthcare institution.In addition, CA-MRSA may be replacing traditional hospital-acquired strains. In one study including molecular typing of 208 isolates from hospital-onset HA-MRSA BSIs between 2000 and 2006, community-acquired strains were responsible for an increasing proportion of cases (24 to 49 percent), even though the total number of MRSA BSIs was stable [85]. A subsequent analysis of 60 hospital-onset MRSA bloodstream infections suggests that the majority of "hospital-onset" infections caused by USA 300 MRSA strains were due to colonizing strains acquired in the community before hospitalization [82].Rates of invasive healthcare-associated MRSA infections decreased between 2005 and 2011 both among patients with healthcare-associated infections that began in the community, as well as among patients with hospital-onset invasive disease [86-88]. The proportion of community onset soft tissue infections due to MRSA also decreased between 2005 and 2010 [87]. Hospital admissions related to MRSA skin and soft tissue infections have continued to decline since 2010, and rates of penicillin-sensitive S. aureus strains have increased [89-91].



Local MRSA Susceptibility Patterns

• TMP/SMX 96%
• Doxycycline 97%

• Clindamycin  66-70%
• Levofloxacin 62-70%
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Doxy TMP/SMX Clinda LVQ

% Susceptible



Antibiotics Needed After I&D?

• Several studies completed

• Current IDSA guidelines (last updated, 2014) 
• For simple abscesses or boils, I&D alone likely adequate
• Recommended for high risk groups (severe infection, elderly, prior failure, etc)
• High cure rates regardless of approach difficult to discern difference

• Likely reduction in recurrent lesions

• Guidelines only followed ~20% in US EDs
Rajendran. AAC 2007; 51:4044-8
Duong. Ann Emerg Med 2009;55:401-7
Schmitz . Ann Emerg Med 2010; 56:283-7 
Talan. Ann Em Med 2010; 55:412-14
Spellburg. Ann Em Med 2011; 57:183-4
Kamath. OFID. 2018 Jan 12;5(1):ofx188
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Guidelines vs Actual Management of Skin and Soft Tissue Infections in the Emergency Department.Kamath RS1, Sudhakar D1, Gardner JG1, Hemmige V1, Safar H2, Musher DM1,3,4.We reviewed records of patients seen in the ED at a large tertiary care hospital to determine guidelines adherence in 4 important areas: the decision to hospitalize, choice of antibiotics, incision and drainage (I&D) of abscesses, and submission of specimens for culture.RESULTS:The decision to hospitalize did not comply with guidelines in 19.6% of cases. Nonrecommended antibiotics were begun in the ED in 71% of patients with nonpurulent infections and 68.4% of patients with purulent infections. Abscesses of mild severity were almost always treated with antibiotics, and I&D was often not done (both against recommendations). Blood cultures were done (against recommendations) in 29% of patients with mild-severity cellulitis. Abscess drainage was almost always sent for culture (recommendations neither favor nor oppose). Overall, treatment fully complied with guidelines in 20.1% of cases.CONCLUSIONS:Our results show a striking lack of concordance with IDSA guidelines in the ED management of SSTI. Social factors may account for discordant decisions regarding site of care. Use of trimethoprim/sulfamethoxazole (TMP/SMX) in cellulitis was the most common source of discordance; this practice is supported by some medical literature. Excess antibiotics were often used in cellulitis and after I&D of simple abscesses, opposing antibiotic stewardship. Ongoing education of ED doctors and continued review of published guidelines are needed.Talan. Ann Emerg Med. 2018 Jan;71(1):21-30. Subgroup Analysis of Antibiotic Treatment for Skin Abscesses.Talan DA1, Moran GJ2, Krishnadasan A3, Abrahamian FM3, Lovecchio F4, Karras DJ5, Steele MT6, Rothman RE7, Mower WR8.Two large randomized trials recently demonstrated efficacy of methicillin-resistant Staphylococcus aureus (MRSA)-active antibiotics for drained skin abscesses. We determine whether outcome advantages observed in one trial exist across lesion sizes and among subgroups with and without guideline-recommended antibiotic indications.METHODS:We conducted a planned subgroup analysis of a double-blind, randomized trial at 5 US emergency departments, demonstrating superiority of trimethoprim-sulfamethoxazole (320/1,600 mg twice daily for 7 days) compared with placebo for patients older than 12 years with a drained skin abscess. We determined between-group differences in rates of clinical (no new antibiotics) and composite cure (no new antibiotics or drainage) through 7 to 14 and 42 to 56 days after treatment among subgroups with and without abscess cavity or erythema diameter greater than or equal to 5 cm, history of MRSA, fever, diabetes, and comorbidities. We also evaluated treatment effect by lesion size and culture result.RESULTS:Among 1,057 mostly adult participants, median abscess cavity and erythema diameters were 2.5 cm (range 0.1 to 16.0 cm) and 6.5 cm (range 1.0 to 38.5), respectively; 44.3% grew MRSA. Overall, for trimethoprim-sulfamethoxazole and placebo groups, clinical cure rate at 7 to 14 days was 92.9% and 85.7%; composite cure rate at 7 to 14 days was 86.5% and 74.3%, and at 42 to 56 days, it was 82.4% and 70.2%. For all outcomes, across lesion sizes and among subgroups with and without guideline antibiotic criteria, trimethoprim-sulfamethoxazole was associated with improved outcomes. Treatment effect was greatest with history of MRSA infection, fever, and positive MRSA culture.CONCLUSION:Treatment with trimethoprim-sulfamethoxazole was associated with improved outcomes regardless of lesion size or guideline antibiotic criteria.JAMA. 2017 May 23;317(20):2088-2096. doi: 10.1001/jama.2017.5653.Effect of Cephalexin Plus Trimethoprim-Sulfamethoxazole vs Cephalexin Alone on Clinical Cure of Uncomplicated Cellulitis: A Randomized Clinical Trial.Moran GJ1, Krishnadasan A2, Mower WR3, Abrahamian FM2, LoVecchio F4, Steele MT5, Rothman RE6, Karras DJ7, Hoagland R8, Pettibone S9, Talan DA1.Author informationAbstractIMPORTANCE:Emergency department visits for skin infections in the United States have increased with the emergence of methicillin-resistant Staphylococcus aureus (MRSA). For cellulitis without purulent drainage, β-hemolytic streptococci are presumed to be the predominant pathogens. It is unknown if antimicrobial regimens possessing in vitro MRSA activity provide improved outcomes compared with treatments lacking MRSA activity.OBJECTIVE:To determine whether cephalexin plus trimethoprim-sulfamethoxazole yields a higher clinical cure rate of uncomplicated cellulitis than cephalexin alone.DESIGN, SETTING, AND PARTICIPANTS:Multicenter, double-blind, randomized superiority trial in 5 US emergency departments among outpatients older than 12 years with cellulitis and no wound, purulent drainage, or abscess enrolled from April 2009 through June 2012. All participants had soft tissue ultrasound performed at the time of enrollment to exclude abscess. Final follow-up was August 2012.INTERVENTIONS:Cephalexin, 500 mg 4 times daily, plus trimethoprim-sulfamethoxazole, 320 mg/1600 mg twice daily, for 7 days (n = 248 participants) or cephalexin plus placebo for 7 days (n = 248 participants).MAIN OUTCOMES AND MEASURES:The primary outcome determined a priori in the per-protocol group was clinical cure, defined as absence of these clinical failure criteria at follow-up visits: fever; increase in erythema (>25%), swelling, or tenderness (days 3-4); no decrease in erythema, swelling, or tenderness (days 8-10); and more than minimal erythema, swelling, or tenderness (days 14-21). A clinically significant difference was defined as greater than 10%.RESULTS:Among 500 randomized participants, 496 (99%) were included in the modified intention-to-treat analysis and 411 (82.2%) in the per-protocol analysis (median age, 40 years [range, 15-78 years]; 58.4% male; 10.9% had diabetes). Median length and width of erythema were 13.0 cm and 10.0 cm. In the per-protocol population, clinical cure occurred in 182 (83.5%) of 218 participants in the cephalexin plus trimethoprim-sulfamethoxazole group vs 165 (85.5%) of 193 in the cephalexin group (difference, -2.0%; 95% CI, -9.7% to 5.7%; P = .50). In the modified intention-to-treat population, clinical cure occurred in 189 (76.2%) of 248 participants in the cephalexin plus trimethoprim-sulfamethoxazole group vs 171 (69.0%) of 248 in the cephalexin group (difference, 7.3%; 95% CI, -1.0% to 15.5%; P = .07). Between-group adverse event rates and secondary outcomes through 7 to 9 weeks, including overnight hospitalization, recurrent skin infections, and similar infection in household contacts, did not differ significantly.CONCLUSIONS AND RELEVANCE:Among patients with uncomplicated cellulitis, the use of cephalexin plus trimethoprim-sulfamethoxazole compared to cephalexin alone did not result in higher rates of clinical resolution of cellulitis in the per-protocol analysis. However, because imprecision around the findings in the modified intention-to-treat analysis included a clinically important difference favoring cephalexin plus trimethoprim-sulfamethoxazole, further research may be needed.



Antibiotics Needed After I&D?

• Newer, large RCTs  benefit with TMP/SMX
• Primarily in S. aureus

• Newer European guidelines suggest TMP/SMX or clinda (not 
cephalosporin) after I/D

• Must balance SE profile

• RCT of cephalexin + TMP/SMX vs cephalexin alone = no difference
Vermandere. BMJ. 2018; 360: k243
Talan. Ann Emerg Med. 2018 Jan;71(1):21-30
Talan. NEJM. 374 (2016), pp. 823-832
Daum. NEJM. 376 (2017), pp. 2545-2555
Moran. JAMA.2017 May 23;317(20):2088-2096



MRSA Treatment Considerations

Inducible Clinda-R

Very Reasonable

Very Reasonable (allergy/kidney function OK)

Avoid (drug-drug interaction, never sole agent)

$$ issues, interactions with many psych meds, 
likely unnecessary

Presenter
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Inducible Clinda-RVery ReasonableVery Reasonable (allergy/kidney function OK)Avoid (drug-drug interaction, never sole agent)$$ issues, interactions with many psych meds, likely unnecessary)Linezolid SE:Reversible, nonselective inhibitor of monoamine oxidaseAvoid with foods & beverages high in tyramine, especially aged, fermented, pickled or smoked foodsAvoid with decongestants such as PE & PPAUse with caution with SSRI’sLactic acidosisN/V, malaise, decreased bicarb, unexplained acidosis, elevated lactateMonitoringDrug-drug interactions with SSRIsMonitor CBC at least three weekly while in hospitalMonitor CBC at least once weekly when outpatient??CytopeniasThrombocytopenia most commonUsually occur after > 2 weeks durationTypically reversibleOptic neuritis and peripheral neuropathy reported following months of therapyResistance by Alteration of antibiotic binding site Mutation in the 23s RNA domain V regionTedizolid should not be used for neutropenic patients or treatment of UTIs (need neutrophils to be active)Tedizolid less cytopenia/SSRI interaction risk



Recurrent Furunculosis (boils)
• Almost always S. aureus

• Oral agents NOT recommended

• Dilute bleach baths, intranasal mupirocin, and hygiene education
• Effective over four months

• Durability of decolonization limited
• Recolonization at 12 months 50-75% (healthcare workers & dialysis patients, 

respectively)

Creech. Infect Dis Clin North Am. 2015 Sep;29(3):429-64
Fritz. ICHE. 2011 Sep;32(9):872-80
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SHEA guideline for preventing nosocomial transmission of multidrug-resistant strains of Staphylococcus aureus and enterococcus.AUMuto CA, Jernigan JA, Ostrowsky BE, Richet HM, Jarvis WR, Boyce JM, Farr BM, SHEA SOInfect Control Hosp Epidemiol. 2003;24(5):362. BACKGROUNDInfection control programs were created three decades ago to control antibiotic-resistant healthcare-associated infections, but there has been little evidence of control in most facilities. After long, steady increases of MRSA and VRE infections in NNIS System hospitals, the Society for Healthcare Epidemiology of America (SHEA) Board of Directors made reducing antibiotic-resistant infections a strategic SHEA goal in January 2000. After 2 more years without improvement, a SHEA task force was appointed to draft this evidence-based guideline on preventing nosocomial transmission of such pathogens, focusing on the two considered most out of control: MRSA and VRE.METHODSMedline searches were conducted spanning 1966 to 2002. Pertinent abstracts of unpublished studies providing sufficient data were included.RESULTSFrequent antibiotic therapy in healthcare settings provides a selective advantage for resistant flora, but patients with MRSA or VRE usually acquire it via spread. The CDC has long-recommended contact precautions for patients colonized or infected with such pathogens. Most facilities have required this as policy, but have not actively identified colonized patients with surveillance cultures, leaving most colonized patients undetected and unisolated. Many studies have shown control of endemic and/or epidemic MRSA and VRE infections using surveillance cultures and contact precautions, demonstrating consistency of evidence, high strength of association, reversibility, a dose gradient, and specificity for control with this approach. Adjunctive control measures are also discussed.CONCLUSIONActive surveillance cultures are essential to identify the reservoir for spread of MRSA and VInfect Control Hosp Epidemiol. 2003 May;24(5):362-86.SHEA guideline for preventing nosocomial transmission of multidrug-resistant strains of Staphylococcus aureus and enterococcus.Muto CA1, Jernigan JA, Ostrowsky BE, Richet HM, Jarvis WR, Boyce JM, Farr BM; SHEA.RE infections and make control possible using the CDC's long-recommended contact precautions.Recurrent MRSA Skin and Soft-Tissue InfectionsPhysicians should provide instructions on personal hygiene and wound care for patients with skin and soft-tissue infections. Patients should cover draining wounds with clean, dry bandages. Regular bathing is advised, as well as hand washing with soap and water or an alcohol-based hand gel, especially after touching infected skin or an item that has been in contact with a draining wound. Patients should also avoid reusing or sharing items that that have touched infected skin (e.g., disposable razors, linens, towels). Commercially available cleaners or detergents should be used to clean high-touch surfaces (e.g., doorknobs, counters, bathtubs, toilet seats) that may come in contact with bare skin or uncovered infections.Decolonization may be considered if a patient develops a recurrent infection despite good personal hygiene and wound care, or if other household members develop infections. Strategies for decolonization include nasal decolonization with mupirocin twice per day for five to 10 days, or nasal decolonization with mupirocin twice per day for five to 10 days plus topical body decolonization with a skin antiseptic solution (e.g., chlorhexidine [Peridex]) for five to 14 days or dilute bleach baths. Dilute bleach baths can be made with 1 teaspoon of bleach per 1 gallon of water (or one-fourth cup per one-fourth bathtub or 13 gallons of water) and are given for 15 minutes twice per week for three months. Oral antimicrobial therapy is recommended only for treating active infection and is not routinely recommended for decolonization. An oral agent in combination with rifampin, if the strain is susceptible, may be considered if infections recur despite these measures.If household or interpersonal transmission is suspected, patients and contacts should be instructed to practice personal and environmental hygiene measures. In symptomatic contacts, nasal and topical body decolonization strategies may be considered after treating the active infection. Decolonization strategies also may be considered in asymptomatic household contacts. The role of cultures in managing recurrent skin and soft-tissue infections is limited. Screening cultures before decolonization are not routinely recommended if at least one of the previous infections was caused by MRSA. Surveillance cultures after a decolonization regimen are not routinely recommended if there is no active infection.According to the researchers, a variety of strategies have been used to decolonize patients with varying results, and there are "no published data on controlled trials evaluating the optimal methods for decolonization and their efficacy in preventing recurrent S aureus infections."Dr. Camins and colleagues evaluated the effectiveness of decolonization methods in the eradication of S aureus carriage in 193 children and 107 adults presenting with community-acquired S aureus skin and soft tissue infections.In addition to education on personal hygiene, all eligible patients were randomize to 1 of 4 groups: no intervention (control); application of 2% mupirocin ointment to both anterior nares twice daily for 5 days; application of 2% mupirocin ointment intranasally plus daily showers with 4% chlorhexidine solution for 5 days; and application of 2% mupirocin ointment intranasally plus daily 30-minute soaks in dilute bleach water for 5 days.Of the patients, 68% were colonized with methicillin-resistant S aureus (MRSA) and 32% were colonized with methicillin-sensitive S aureus alone. All interventions were effective 1 month postintervention at eradicating S aureuscarriage, compared with the control group.At 4 months postintervention, only the mupirocin plus bleach bath was found to be effective at eradicating S aureus colonization (69% vs 48%; relative risk, 1.26; 95% confidence interval, 1.05 - 2.01; P = .02). All treatment groups were well tolerated, with dry skin being the most common adverse effect.Fritz. Infect Control Hosp Epidemiol. 2011 Sep;32(9):872-80.S. aureus eradication in 38% of participants in the education only (control) group; 56% in the mupirocin group (p=0.03 vs. controls); 55% in the mupirocin/chlorhexidine group (p=0.05); and 63% in the mupirocin/bleach group (p=0.006). Of 229 participants with four-month colonization data, eradication rates were 48% in controls; 56% for mupirocin only (p=0.40 vs. controls); 54% for mupirocin/chlorhexidine (p=0.51); and 71% for mupirocin/bleach (p=0.02). At one and four months, respectively, recurrent SSTI was reported by 20% and 36% of participants.
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Objectives

• Overview of burden of commonly encountered antimicrobial resistance 
(AMR) patterns

• MRSA
• VRE
• ESBL, Amp-C, FQ-R

• Common syndromes associated with multidrug resistance (MDR)
• Initial evaluation

• Antibiotic stewardship perspective

• Brief update on emerging drug resistance



Vancomycin Resistant Enterococcus

• E. faecalis more virulent than E. faecium

• E. faecalis more likely ampicillin-S

• Urine most common site recovered
• Colonization vs infection

• Diagnostic evaluation:
• Obtain Urinalysis (with microscopy) amount of pyuria (>10WBC/hpf?)
• THEN interpret Urine Culture (>100,000 CFU?)

Arias. Nat Rev Microbiol. 2012 Mar 16; 10(4): 266–278

Mechanisms of Enterococcal Resistance
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 E. faecium clinical isolates are more resistant to penicillin than E. faecalis (minimum inhibitory concentration for 90 percent of strains [MIC90] >16 mg/mL versus 2 to 4 mcg/mL, respectively); MICs of ampicillin are usually 1 dilution lower than those of penicillin. Piperacillinactivity is similar to that of penicillin, and imipenem generally is active against penicillin-susceptible E. faecalis. Cell wall–active agents with limited or no activity against enterococci include nafcillin, oxacillin, ticarcillin, ertapenem, most cephalosporins, and aztreonam.There are also rare reports of more highly penicillin- and/orimipenem-resistant isolates of E. faecalis with retained ampicillin susceptibility (albeit with higher-than-usual MICs) [2,3]; this has been associated with specific amino acid changes in the low-affinity penicillin-binding protein (PBP) of E. faecalis.Urinary tract infections (UTIs) generally do not require bactericidal therapy, and urinary catheter-associated bacteriuria often resolves with removal of the catheter. When therapy for enterococcal urinary tract isolates is indicated, monotherapy is sufficientIn general, determining the clinical significance of an enterococcus recovered from a patient should be tailored to individual patient circumstances, since isolation of an enterococcus does not necessarily require targeted therapy. Enterococci can also be colonizers (such as in respiratory specimens or urinary catheters) or part of a mixed infection (such as in polymicrobial cultures in the setting of intraabdominal surgery or traumatic wounds) for which therapy is being administered for more virulent organisms. E. faecalis infections tend to be more virulent than E. faecium and therefore should command greater attention when the clinical significance of culture data is in question.Depending on the nature of the illness, acute infection due to VRE should be treated to resolution, although in some cases colonization may persist indefinitely.Urinary tract infection — The urinary tract is the most common site from which enterococci are recovered; manifestations can include urinary colonization, simple cystitis, complicated UTI including pyelonephritis, perinephric abscess, or prostatitis [13]. Most enterococcal UTIs are nosocomial and/or associated with obstruction, urinary catheterization, or instrumentation [14-16]. Bacteremia in the setting of enterococcal UTI is relatively uncommon [17].Management should include removal of urinary catheters if possible; this intervention alone has been observed to resolve enterococcal urinary catheter-associated infections/colonization in some cases [18]. If susceptibility is documented, the best options for oral therapy of enterococcal lower UTIs are amoxicillin, nitrofurantoin, or fosfomycin; dosing is outlined in the table (table 4) [19]. Nitrofurantoin achieves excellent therapeutic levels in the urine and renal parenchyma but is not adequate for treatment of pyelonephritis or enterococcal infection at other sites. Fosfomycin has FDA approval for treatment of uncomplicated UTIs caused by E. faecalis (as well as Escherichia coli), although many E. faecium strains are also susceptible to fosfomycin [20,21]. Intravenous ampicillin may also be considered (see below).Alternative oral agents include linezolid or a fluoroquinolone, although data on their efficacy for the treatment of enterococcal UTIs are limited; the latter should not be used as monotherapy in the setting of bacteremia since achievable serum levels of fluoroquinolones are frequently close to the minimum inhibitory concentrations [22-30].For patients with complicated UTI and for patients unable to tolerate oral therapy, the majority of strains are E. faecalis and ampicillin is the drug of choice. Even for strains of E. faecium with ampicillin MIC >64 mcg/mL, ampicillin may still be effective, since ampicillin is concentrated in the urine. Vancomycin is an appropriate alternative if the organism is susceptible. For urinary tract infections due to ampicillin- and vancomycin-resistant strains, linezolid (excreted approximately 30 percent unchanged in the urine) or daptomycin may be used. Ceftaroline may also be a reasonable agent for UTI caused by E. faecalis.The antibacterial activity of β-lactams relies on their ability to disrupt cell wall synthesis through inhibition of PBPs which are important enzymes responsible for the transpeptidation and transglycosylation of peptidoglycan units emerging from the cytoplasm. Resistance to methicillin (a semisynthetic penicillin stable against the staphylococcal penicillinase) in S. aureus results from the acquisition of a foreign gene (likely from Staphylococcus sciuri) designated mecA often located in a large DNA fragment designated staphylococcal chromosomal cassette mec (SCCmec). The mecA gene encodes PBP2a, a PBP that has low affinity for all β-lactams, including penicillins, cephalosporins (except for last generation compounds) and carbapenems. Acquisition of mecA renders most β-lactams useless against MRSA and alternative therapies need to be used in serious infectionsAnother important example of the replacement and bypass strategy to achieve resistance is related to vancomycin resistance. Similar to β-lactams, glycopeptides (i.e., vancomycin and teicoplanin) kill bacteria by inhibiting cell wall synthesis. However, unlike β-lactams, glycopeptides do not directly interact with PBPs. Instead, they bind to the terminal D-alanine-D-alanine (D-Ala-D-Ala) of the pentapeptide moiety of the nascent peptidoglycan precursors (lipid II), preventing PBP-mediated cross-linking and resulting in inhibition of cell wall synthesis. It has been postulated that the main effect of the binding of vancomycin to D-Ala-D-Ala-ending precursors emerging from the cytoplasm is alteration of transglycosylation (presumably due to steric hindrance) preventing further processing of the cell wall and leading to bacterial death (72).These gene clusters encode a complex enzymatic machinery that modifies the terminal D-Ala-D-Ala termini of peptidoglycan precursors and destroys the “normal” D-Ala-D-Ala ending precursors. Most frequently, D-Ala-D-Ala is replaced for D-Ala-D-lactate, decreasing the affinity of vancomycin for its target by approximately 1000-fold



Do they need to be treated at all?

• Subject of controversy
• Enterococci are GI/GU tract commensals

• Presence ≠ infection
• Commonly recovered, commonly polymicrobial

• 6 trials: no treatment failures w/o enterococcal Rx (20-30% 
enterococcus present)

• Many studies demonstrate treatment failure/poor outcome 2/2 
enterococcus

Harbarth. Eur J Clin Microbiol Infect Dis 2004; 23: pp. 73-77
Gorbach. CID 1993; 17: pp. 961-965
Onderdonk. Infect Immun 1976; 13: pp. 22-26
Burnett. Surgery 1995; 118: pp. 716-721
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Enterococci are commensals of the gastrointestinal and genitourinary tracts and are commonly isolated from abdominal and pelvic infections, usually with gram-negative and anaerobic organisms; the role of enterococci in these infections has been the subject of controversy. 84 An analysis of six clinical trials, with the objective of examining the use of antibiotics without enterococcal activity in the treatment of intra-abdominal infections, did not find any case of treatment failure, despite evidence of the presence of enterococci in 20% to 30% of initial cultures. 85 Similarly, several studies have shown that community-associated, complicated intra-abdominal infections with mixed microbiota that include enterococci can be treated with surgery and antibiotics that do not exhibit in vitro activity against enterococci. Moreover, data from animal experiments indicate that enterococci alone do not cause intra-abdominal sepsis when injected intraperitoneally, unless other substances or organisms that promote abscess formation are added. 86Nonetheless, there are several well-conducted studies that have demonstrated that enterococci are able to cause treatment failures and adverse outcomes; a randomized, prospective, double-blind trial involving 330 patients concluded that the isolation of enterococcal isolates from intra-abdominal collections was a predictor of treatment failure. 87 Several other series have confirmed these observations, concluding that the presence of enterococci increases the rates of postoperative infectious complications and also the mortality of these patients. Although the bulk of evidence indicates that the use of antienterococcal antibiotics may not be necessary in the majority of initial treatment of acute intra-abdominal infections, the apparent increased frequency of isolation of nosocomial multidrug-resistant enterococci indicates that antienterococcal therapy should be considered for immunocompromised and severely ill patients with nosocomial peritonitis and abdominal sepsis or persistent collections who have received broad-spectrum antibiotics that do not have activity against enterococci (e.g., cephalosporins), and patients with peritonitis and damaged or prosthetic heart valves (to prevent endocarditis). 8484. Harbarth S, and Uckay I: Are there patients with peritonitis who require empiric therapy for enterococcus? Eur J Clin Microbiol Infect Dis 2004; 23: pp. 73-7785. Gorbach SL: Intraabdominal infections. Clin Infect Dis 1993; 17: pp. 961-96586. Onderdonk AB, Bartlett JG, Louie T, et al: Microbial synergy in experimental intra-abdominal abscess. Infect Immun 1976; 13: pp. 22-2687. Burnett RJ, Haverstock DC, Dellinger EP, et al: Definition of the role of enterococcus in intraabdominal infection: analysis of a prospective randomized trial. Surgery 1995; 118: pp. 716-721



Do they need to be treated at all?

• Subject of controversy
• Enterococci are GI/GU tract commensals

• Presence ≠ infection
• Commonly recovered, commonly polymicrobial

• 6 trials: no treatment failures w/o enterococcal Rx (20-30% 
enterococcus present)

• Many studies demonstrate treatment failure/poor outcome 2/2 
enterococcus
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TAKE HOME:
Enterococcus can cause disease, must be thoughtful if true pathogen

If modest pyuria (WBC/hpf), colony counts (CFUs) reconsider
Could retest

If patient has foley catheter  remove, replace, retest
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Enterococci are commensals of the gastrointestinal and genitourinary tracts and are commonly isolated from abdominal and pelvic infections, usually with gram-negative and anaerobic organisms; the role of enterococci in these infections has been the subject of controversy. 84 An analysis of six clinical trials, with the objective of examining the use of antibiotics without enterococcal activity in the treatment of intra-abdominal infections, did not find any case of treatment failure, despite evidence of the presence of enterococci in 20% to 30% of initial cultures. 85 Similarly, several studies have shown that community-associated, complicated intra-abdominal infections with mixed microbiota that include enterococci can be treated with surgery and antibiotics that do not exhibit in vitro activity against enterococci. Moreover, data from animal experiments indicate that enterococci alone do not cause intra-abdominal sepsis when injected intraperitoneally, unless other substances or organisms that promote abscess formation are added. 86Nonetheless, there are several well-conducted studies that have demonstrated that enterococci are able to cause treatment failures and adverse outcomes; a randomized, prospective, double-blind trial involving 330 patients concluded that the isolation of enterococcal isolates from intra-abdominal collections was a predictor of treatment failure. 87 Several other series have confirmed these observations, concluding that the presence of enterococci increases the rates of postoperative infectious complications and also the mortality of these patients. Although the bulk of evidence indicates that the use of antienterococcal antibiotics may not be necessary in the majority of initial treatment of acute intra-abdominal infections, the apparent increased frequency of isolation of nosocomial multidrug-resistant enterococci indicates that antienterococcal therapy should be considered for immunocompromised and severely ill patients with nosocomial peritonitis and abdominal sepsis or persistent collections who have received broad-spectrum antibiotics that do not have activity against enterococci (e.g., cephalosporins), and patients with peritonitis and damaged or prosthetic heart valves (to prevent endocarditis). 8484. Harbarth S, and Uckay I: Are there patients with peritonitis who require empiric therapy for enterococcus? Eur J Clin Microbiol Infect Dis 2004; 23: pp. 73-7785. Gorbach SL: Intraabdominal infections. Clin Infect Dis 1993; 17: pp. 961-96586. Onderdonk AB, Bartlett JG, Louie T, et al: Microbial synergy in experimental intra-abdominal abscess. Infect Immun 1976; 13: pp. 22-2687. Burnett RJ, Haverstock DC, Dellinger EP, et al: Definition of the role of enterococcus in intraabdominal infection: analysis of a prospective randomized trial. Surgery 1995; 118: pp. 716-721



I’ve decided treatment needed --now what?

• Uncomplicated UTIs
• Antibiotics that concentrate in urine useful

• If Amp-S Enterococcus, ampicillin (or amoxicillin) will work
• Amoxicilin may be useful if ampicillin MICs <128 µg/ml

• Cannot assume PCN sensitivity 
• Usually works, but must request sensitivity or monitor response

Kristich.  Enterococci: From Commensals to Leading Causes of Drug Resistant Infection. 
Available: https://www.ncbi.nlm.nih.gov/books/NBK190420/
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Safety concerns limit the use of linezolid, particularly in the setting of prolonged use. Adverse effects include thrombocytopenia, anemia, lactic acidosis, peripheral neuropathy, and ocular toxicity. When administered with serotonergic agents (particularly selective serotonin reuptake inhibitors), linezolid can induce serotonin syndrome due to its inhibition of monoamine oxidase [84,85] (see "Serotonin syndrome (serotonin toxicity)").Thrombocytopenia associated with linezolid use appears to occur more frequently in the setting of end-stage renal disease and typically resolves after discontinuation of the drug [86]. Neuropathy (peripheral and, less commonly, optic) as well as lactic acidosis are uncommon but important side effects of linezolid. Peripheral neuropathy can be severe and may not resolve after drug discontinuation [87-89].Fluoroquinolones may be useful for treatment of enterococcal urinary tract infections in some circumstances. Tetracycline and chloramphenicol may demonstrate in vitro activity against some strains of enterococci, but they are only bacteriostatic against these organisms [138,139]. Clinical success and failure with chloramphenicol has been described, but the toxicity of this agent limits its usefulness [140-142]. (See 'Urinary tract infection' above.)Quinolones generally exhibit only moderate activity against enterococci.Most enterococci in the United States are resistant to erythromycin and other macrolides. In addition, although some enterococcal isolates demonstrate in vitro susceptibility to trimethoprim-sulfamethoxazole (TMP-SMX), in vivo enterococci can use exogenous folic acid and bypass the block in folate synthesis induced by TMP-SMX [13]. Therefore, TMP-SMX should not be used for treatment of enterococcal infections, even if in vitro susceptibility testing suggests sensitivity [143-145].Enterococci are also intrinsically resistant to clindamycin, which is mediated by the product of the lsa gene, although the mechanism remains poorly defined. Trimethoprim-sulfamethoxazole appears to be active against enterococci when tested in vitro on folate-deficient media, but fails in animal models, presumably because enterococci can absorb folate from the environment (Zervos & Schaberg, 1985).



Options for VRE

• Fosfomycin
• FDA approved for UTIs from vancomycin-susceptible enterococci, but not for 

VRE or any E. faecium

• Nitrofurantoin 

• Linezolid
• Previous pros/con discussion
• Beware of developing resistance (must ensure linezolid is active [MIC<4]!!)

• Daptomycin-linezolid-vanc R enterococcus (DLVRE) emerging [Greene. OFID. In press]

Kristich.  Enterococci: From Commensals to Leading Causes of Drug Resistant Infection. 
Available: https://www.ncbi.nlm.nih.gov/books/NBK190420/
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Although prospective studies have not specifically identified the subset of patients who have enterococci in the bloodstream or urine and may do well in the absence of specific antimicrobial therapy, clinical experience suggests that this group of patients may include: i) immunocompetent patients without signs of infection (such as those with asymptomatic bacteriuria or bacteremia) in whom positive cultures harbor low bacterial burdens (for example, only one positive bottle in a set of many other blood cultures); ii) cultures usually clear upon removal of the catheter; and iii) patients do not have any risk for the development of endocarditis (that is, patients with prosthetic valves or those in whom prosthetic material was used for valve replacement, history ofIn some individuals with true uncomplicated urinary tract infections (UTIs), the use of systemic agents may not be necessary, and antibiotics that concentrate in the urine may be useful in these settings. Fosfomycin and nitrofurantoin are two drugs that concentrate in the urine and still retain good in vitroactivity against enterococci, and should be considered for the treatment of uncomplicated UTIs caused by enterococci. Fosfomycin has an FDA approval for the treatment of UTIs caused by vancomycin-susceptible enterococci, but not for VRE or any E. faecium. Furthermore, due to high concentrations of the amino-penicillins in the urine, ampicillin or amoxicilin may be useful in cases in which the ampicillin MICs of the enterococcal isolate is <128 µg/ml. It is important to emphasize that removal of the urinary catheter is of paramount importance for the successful eradication of the infective microorganisms in these cases (Arias & Murray, 2012). PSlides from Rice’s paper: Kristich CJ, Rice LB, Arias CA. Enterococcal Infection—Treatment and Antibiotic Resistance. 2014 Feb 6. In: Gilmore MS, Clewell DB, Ike Y, et al., editors. Enterococci: From Commensals to Leading Causes of Drug Resistant Infection [Internet]. Boston: Massachusetts Eye and Ear Infirmary; 2014-.Available from: https://www.ncbi.nlm.nih.gov/books/NBK190420/revious IE, congenital heart disease or patient with history of cardiac transplantation) (Baddour, et al., 2005).



VRE: Be Aware

• Other antibiotics increase VRE risk!
• Clindamycin, metronidazole, pip-tazo, and cephalosporins
• Disrupt gut flora, VRE emerges

• VRE colonization can last, and last, and last (up to a year!)
• Consider if persistent

Donskey . NEJM. 2000;343(26):1925–1932
Sullivan. Lancet. 2001;1(2):101–114
Baden. CID. 2001;33(10):1654–1660
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Moreover, some of the cephalosporins (such as ceftriaxone) are excreted in bile, a pharmacokinetic property that increases concentrations of this class of antibiotics in the gut, which maximizes the effect against the gut microbiota and promotes the expansion of enterococci (particularly VRE) in the GI tract (Donskey, et al., 2000).Donskey C. J., Chowdhry T. K., Hecker M. T., Hoyen C. K., Hanrahan J. A., Hujer A. M., et al. Effect of antibiotic therapy on the density of vancomycin-resistant enterococci in the stool of colonized patients. The New England Journal of Medicine. 2000;343(26):1925–1932.he antibiotics that have been strongly associated with VRE colonization (E. faecium) in the GI tract include clindamycin, metronidazole, piperacillin-tazobactam, and second- or third-generation cephalosporins (Sullivan, Edlund, & Nord, 2001).Sullivan A., Edlund C., Nord C. E. Effect of antimicrobial agents on the ecological balance of human microflora. Lancet. 2001;1(2):101–114. Two recent pioneer studies (Brandl, et al., 2008; Kristich & Little, 2012) have been able to demonstrate that surface components of Gram-negative flora play an important role in maintaining the equilibrium between enterococci and their counterparts in the GI tract. Lipopolysaccharide (LPS) and flagellin of Gram-negative bacteria are capable of stimulating (via Toll-like receptors) the production of the lectin RegIIIγ (a C-type lectin) by intestinal epithelial cells. RegIIIγ is capable of killing a variety of Gram-positive organisms, including VRE. Therefore, upon the reduction in Gram-negative flora produced by the presence of antibiotics in the gut, the synthesis of REgIIIγ by the intestinal epithelium is drastically decreased. This effect directly promotes the overgrowth of VRE in the gut.
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• MRSA
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Risk Factors for Community ESBL infection

• Recurrent UTI
• Previous antibiotic usage
• Diabetes 
• Prior urinary tract instrumentation
• Age > 65 years
• Prior ESBL infection/colonization

Rodríguez-Baño . Arch Intern Med. 2008 Sep 22;168(17):1897-902
Dhillon. Crit Care Res Pract. 2012;2012:625170

No reliable way 
to predict ESBL



UTIs

• Most commonly encountered MDR GNR*
• Also intrabdominal processes
• Less common in community: CAP, SSTI, etc

• UTI evaluation 
• (discussed previously: UA w/ micro & UCx)

• IF MDR GNR recovered (esp. ESBL, MDR)  request Fosfomycin
sensitivity (not routinely done)

*MDR GNR= Mulit-drug resistant gram negative rod



Are ESBLs becoming more common?

• Yes!!

• In both community and hospital 

• ESBL E.coli infections doubled in 
community hospitals

• Healthcare exposure common
• Community infections drove increase

• 26 community hospitals in 
Southeast US

McDanel. ICHE. 2017;38:1209–1215
Thaden. ICHE. 2016;37:49-54
Freeman. CID. 2009 Jul 15;49(2):e30-2
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2011, with a slightly higher incidence rate for ESBL-Klebsiella infections compared with ESBL-E. coli infections. Other studies not included in this systematic literature review also reported increased ESBL infections when examining the proportion E. coli and Klebsiella that are ESBL producing. The SENTRY Antimicrobial Surveillance Program reported the ESBL phenotype in 7% of the 2,768 Klebsiella isolates tested in 1997–2000 from 30 US hospitals.12 In 2011–2013, the proportion of Klebsiella isolates with an ESBL phenotype increased to 15% (840 of 5,580) among isolates collected from 79 US hospitals.13 Among E. coli isolates, 2 national surveillance programs (SENTRY Antimicrobial Surveillance Program and The Surveillance Network) reported a proportion of ESBL phenotype isolates around 1%–8% in 1997–2000, while in 2011–2013, the International Network for Optimal Resistance Monitoring program reported an increased proportion of 12% among isolates collected from US hospitals.13–15Freeman. Clin Infect Dis. 2009 Jul 15;49(2):e30-2. doi: 10.1086/600046.Emergence of extended-spectrum beta-lactamase-producing Escherichia coli in community hospitals throughout North Carolina: a harbinger of a wider problem in the United States? Freeman JT1, Sexton DJ, Anderson DJ.Dhillon RH, Clark J. ESBLs: a clear and present danger? Crit Care Res Pract. 2012; 2012:625170. [PubMed: 21766013] 8. Kassakian SZ, Mermel LA. Changing epidemiology of infections due to extended spectrum beta-lactamase producing bacteria. Antimicrob Resist Infect Control. 2014; 3:9. [PubMed: 24666610] 9. Doi Y, Park YS, Rivera JI, et al. Community-associated extended-spectrum beta-lactamase-producing Escherichia coli infection in the United States. Clin Infect Dis. 2013; 56:641–648. [PubMed: 23150211] 10. Healthcare Cost and Utilization Project (HCUP). [Accessed June 18, 2015] Agency for Healthcare Research and Quality Web site. http://www.ahrq.gov/research/data/hcup/index.html. Updated April 201511. Freeman JT, Sexton DJ, Anderson DJ. Emergence of extended-spectrum beta-lactamase-producing Escherichia coli in community hospitals throughout North Carolina: a harbinger of a wider problem in the United States? Clin Infect Dis. 2009; 49:e30–e32. [PubMed: 19522654] 



ESBL Geographic Variation

National: 12%
2012 Data

72 Hospitals
INPATIENTS Only

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



ESBL Geographic Variation

National: 12%
2012 Data

72 Hospitals
INPATIENTS Only

Castanheira. AAC. 2014;58(2):833-8
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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.
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ESBL Treatment

Gutierrez-Gutierres. AAC 2016  epub
Lee. CID 2013:488-95
Lee. AAC 2015: 7558-63
Nguyen. JAC 2014:871-880
Harris. Lancet ID 2015:475-85
Wang. OFID 2016, 20;3(3)
Muhammed . OFID. 2017. 4(2):ofx099

• Confers resistance to PCNs, 3rd gen cephalosporin, monobactams
• Empiric severe infection: Hospitalization/IV ABX

• Uncomplicated UTI options:
• Fosfomycin
• Quinolone (different resistance mechanisms)
• Nitrofurantoin
• TMP/SMX

• MUST confirm sensitivities



Does Fosfomycin treat ESBL UTIs?

• FOS may be option for UNCOMPLICATED UTIs

• Excellent in vitro activity against ESBL

• Systematic review showed ~90% ESBL susceptible
• 97% of E. coli
• 81% Klebsiella

• Resistance developing during therapy reported
• Re-evaluate if clinical response unclear

• Increased FOS use promoting FOS-resistance
• One study 4% (2005) to 11% (2009) to ?? 2018…

Falgas. Lancet ID. 2010 Jan;10(1):43-50
de Cueto. AAC. 2006 Jan;50(1):368-70
Perez. Curr Opin Pharmacol 2007 Oct;7(5):459-69
Paterson. Clin Micro Rev. 2005 Oct;18(4):657-86
Rodríguez-Baño. Arch IM. 2008 Sep 22;168(17):1897-902
Neuner. AAC. 2012 Nov;56(11):5744-8
Oteo. JAC. 2010 Nov;65(11):2459-63

Rx: 3gm PO q2-3 days for UTI
Not indicated for pyelonephritis 

(poor tissue penetration)
Must request sensitivities
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Presentation Notes
Falgas: We evaluated the evidence on fosfomycin as a treatment option for infections caused by members of the family Enterobacteriaceae with advanced resistance to antimicrobial drugs, including producers of extended-spectrum beta-lactamase (ESBL). We systematically reviewed studies evaluating the antimicrobial activity, or the clinical effectiveness of fosfomycin. 17 antimicrobial-susceptibility studies were found and included in our Review, accounting for 5057 clinical isolates of Enterobacteriaceae with advanced resistance to antimicrobial drugs (4448 were producers of ESBL); 11 of the 17 studies reported that at least 90% of the isolates were susceptible to fosfomycin. Using a provisional minimum inhibitory concentration susceptibility breakpoint of 64 mg/L or less, 1604 (96.8%) of 1657 Escherichia coli isolates producing ESBL were susceptible to fosfomycin. Similarly, 608 (81.3%) of 748 Klebsiella pneumoniae isolates producing ESBL were susceptible to fosfomycin. In two clinical studies, oral treatment with fosfomycin-trometamol was clinically effective against complicated or uncomplicated lower urinary tract infections caused by ESBL-producing E coli in, cumulatively, 75 (93.8%) of the 80 patients evaluated. Initialclinical data support the use of fosfomycin for the treatment of urinary tract infections caused by these pathogens.Neuner: Fosfomycin has shown promising in vitro activity against multidrug-resistant (MDR) urinary pathogens; however, clinical data are lacking. We conducted a retrospective chart review to describe the microbiological and clinical outcomes of urinary tract infections (UTIs) with MDR pathogens treated with fosfomycin tromethamine. Charts for 41 hospitalized patients with a urine culture for an MDR pathogen who received fosfomycin tromethamine from 2006 to 2010 were reviewed. Forty-one patients had 44 urinary pathogens, including 13 carbapenem-resistant Klebsiella pneumoniae (CR-Kp), 8 Pseudomonas aeruginosa, and 7 vancomycin-resistant Enterococcus faecium (VRE) isolates, 7 extended-spectrum beta-lactamase (ESBL) producers, and 9 others. In vitro fosfomycin susceptibility was 86% (median MIC, 16μg/ml; range, 0.25 to 1,024μg/ml). Patients received an average of 2.9 fosfomycin doses per treatment course. The overall microbiological cure was 59%; failure was due to either relapse (24%) or reinfection UTI (17%). Microbiological cure rates by pathogen were 46% for CR-Kp, 38% for P. aeruginosa, 71% for VRE, 57% for ESBL producers, and 100% for others. Microbiological cure (n = 24) was compared to microbiological failure (n = 17). There were significantly more solid organ transplant recipients in the microbiological failure group (59% versus 21%; P = 0.02). None of the patients in the microbiological cure group had a ureteral stent, compared to 24% of patients within the microbiological failure group (P = 0.02). Fosfomycin demonstrated in vitro activity against UTIs due to MDR pathogens. For CR-KP, there was a divergence between in vitro susceptibility (92%) and microbiological cure (46%). Multiple confounding factors may have contributed to microbiological failures, and further data regarding the use of fosfomycin for UTIs due to MDR pathogens are needed.Oteo:OBJECTIVES To document fosfomycin susceptibility of extended-spectrumβ-lactamase-producing Escherichia coli (ESBL-EC), analyse trends in fosfomycin use and investigate fosfomycin resistance in ESBL-EC isolated from urinary tract infections (UTIs).METHODS Twenty-seven Spanish hospitals participating in the European Antimicrobial Resistance Surveillance Network were requested to collect up to 10 sequential ESBL-EC for centralized susceptibility testing and typing. EUCAST guidelines were followed for antibiotic susceptibility testing, and bla(ESBL) type, phylogroups and O25b serotype were determined by PCR and sequencing. In addition, the trend in fosfomycin resistance among ESBL-EC causing UTIs was determined in 9 of the 27 hospitals. Total fosfomycin use for ambulatory care was established by WHO-recommended methods.RESULTS A total of 231 ESBL-EC (42.4% CTX-M-15, 34.2% SHV-12 and 23.4% CTX-M-14) were collected. The overall rate of fosfomycin resistance was 9.1%, but varied according to ESBL type (5.6% of CTX-M-14 isolates, 5.1% of SHV-12 and 15.3% of CTX-M-15). Of 67 O25b/B2 isolates, 11 (16.4%) were fosfomycin resistant. Predictors of infection with fosfomycin-resistant ESBL-EC were O25b/phylogroup B2 isolates, female gender and nursing home residence. Among 114 197 UTIs caused by E. coli 4740 (4.2%) were due to ESBL-EC. Fosfomycin resistance increased in these isolates from 4.4% (2005) to 11.4% (2009). The use of fosfomycin grew from 0.05 defined daily doses per 1000 inhabitants per day (1997) to 0.22 (2008), a 340% increase.CONCLUSIONS Key factors related to increased fosfomycin resistance in ESBL-EC causing UTIs could be the rapid growth in community use of fosfomycin, the widespread distribution of the 025b/B2 E. coli clone and the existence of a susceptible population comprising women residing in nursing homes.



Any other options?

• Nitrofurantoin
• Contraindicated with CrCl < 60 mL/min
• May still be effective at lower CrCl
• Treatment of cystitis only

• Rarely TMP/SMX

• Cephalosporins??
• Cannot use even if reported as susceptible (in vitro)
• ESBL enzyme inactivates drug (in vivo)
• AND…promotes ESBL production….

Paterson. J Clin Microbiol. 2001 Jun;39(6):2206-12
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• Cephalosporins??
• Cannot use even if reported as susceptible (in vitro)
• ESBL enzyme inactivates drug (in vivo)
• AND…promotes ESBL production….

No appreciable systemic 
concentrations achieved
C/I in pregnancy at term
Hemolytic anemia risk

Paterson. J Clin Microbiol. 2001 Jun;39(6):2206-12
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If susceptibility confirmed



Any other options?

• Nitrofurantoin
• Contraindicated with CrCl < 60 mL/min
• May still be effective at lower CrCl
• Treatment of cystitis only

• Rarely TMP/SMX

• Cephalosporins??
• Cannot use even if reported as susceptible (in vitro)
• ESBL enzyme inactivates drug (in vivo)
• AND…promotes ESBL production….

NO

Paterson. J Clin Microbiol. 2001 Jun;39(6):2206-12



Can you use Quinolones for ESBLs?

• MAYBE

• Different resistance mechanism, BUT frequently seen together

• Quinolones are appropriate AFTER susceptibility confirmed

Lo. J Microbiol Immunol Infect. 2017 Jun;50(3):355-361
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doi: 10.1016/j.jmii.2015.08.012. Epub 2015 Sep 9.Fluoroquinolone therapy for bloodstream infections caused by extended-spectrumbeta-lactamase-producing Escherichia coli and Klebsiella pneumoniae.Lo CL, Lee CC, Li CW, Li MC, Hsueh PR, Lee NY, Ko WC



AmpC β-lactamases

• Primarily Enterobacter, Serratia,
Citrobacter

• SPICE or SPACE organisms

• Inducible
• Initially sensitive      resistant

• Seen in UTIs primarily

Abx exposure

“SPICE” OR “SPACE”
Serratia Serratia
Pseudomonas Pseudomonas
Indole + Proteus Acinetobacter
Citrobacter Citrobacter
Enterobacter Enterobacter

Presenter
Presentation Notes
Empiric severe infectionHospitalize/IV ABX



AmpC Treatment
• Empiric severe infection

• Hospitalize/IV ABX

• Prevalence data scarce
• Depressed mutations (i.e. always present)

• Inducible mutations of more interest
• Data variable (pathogen, abx exposure) 0-20%
• Likely low occurrence during therapy (~5%)

• Usually won’t know (not typically reported)
• Cefoxitin/cefotetan-R gives clue (if see on micro report, avoid cephalosporins)
• Monitor response (i.e. failure to improve/worsening at 72hrs)

Park. AAC. 2012 Apr;56(4):1870-6
Jacoby. Clin Microbiol Rev. 2009 Jan; 22(1): 161–182

“SPICE” OR “SPACE”
Serratia Serratia
Pseudomonas Pseudomonas
Indole + Proteus Acinetobacter
Citrobacter Citrobacter
Enterobacter Enterobacter



Fluoroquinolone (FQ) Resistance

• “Scarier Than We Thought”
• Not recommended for empiric tx
• Must culture and follow

Spellberg. JID. 2015 Dec 15; 212(12): 1853–1855
Sanchez. JAC. 2013; 68:1838–41
Bouchillon. Clin Ther 2013; 35:872–7

https://resistancemap.cddep.org/AntibioticResistance.php

Presenter
Presentation Notes
Rates of quinolone resistance among Enterobacteriaceae in the community remained low for decades. In the mid-to-late 1990s, resistance rates were <1% [1, 2], and they rose only to 1%–3% as late as 2008 [3, 4]. However, quinolone resistance rates have skyrocketed in recent years, such that now >10%–30% of community-associated Enterobacteriaceae are quinolone resistant in many parts of the United States [5–8], and much higher rates (>50%) are seen in other parts of the world [9–11].



FQ-R Increasing Worldwide

United States

<1% (1990s)

As low as 3% (2008)

Currently ≥ 29%
https://resistancemap.cddep.org/AntibioticResistance.php

Spellberg. JID. 2015 Dec 15; 212(12): 1853–1855
Sanchez. JAC. 2013; 68:1838–41
Bouchillon. Clin Ther 2013; 35:872–7



FQ-R Increasing Nationally

• Southeast US
• 38% E. coli FQ-R

https://resistancemap.cddep.org/AntibioticResistance.php

Local Rates: E. Coli Resistant to FQ ~40%



Additional FQ Considerations

• New FDA warning
• QTc prolongation

ECG if other QT agents

• Very C.diff- o-genic
• Other AEs

• Arthopathy/arthralgia
• Tendinitis/tendon rupture
• Seizures

Presenter
Presentation Notes
Decreased absorption with concomitant cations (ex. calcium, iron, magnesium, etc.)Give 2hr before or after fluoroquinoloneActivity against Mycobacterium spp. (think twice if MAC/TB on list)New FDA warningCheck QTcCdiff o genicArthopathy and arthralgiaSeizuresQT interval prolongationPhototoxicityTendinitis and tendon rupture



Objectives

• Overview of burden of commonly encountered antimicrobial resistance 
(AMR) patterns

• MRSA
• VRE
• ESBL

• Common syndromes associated with multidrug resistance (MDR)
• Initial evaluation

• Antibiotic stewardship perspective

• Brief update on emerging drug resistance



NIGHTMARE BACTERIA



NIGHTMARE BACTERIA



Carbapenem-R Enterobacteriaceae (CRE), U.S.

With increase in ESBLs and subsequent
reliance on carbapenems, CRE emerged

CRE: 9000 infections; 600 deaths
• Underestimate
• Klebsiella and E. coli most common
• CRE in 44 states (2013)

• Widespread

CDC. Antibiotic resistance threats in the United States, 2013 

Presenter
Presentation Notes
In the US there are 9000 infections with 600 deaths and CDC labs have confirmed a least one type of CRE in healthcare facilities in 44 states. 4% of short stay hospitals and 18% of long-term acute care hospitals had at least one patient with a serious CRE infection during first half of 2012 CRE relatively uncommon in the US before 2000MMWR on CRE 1.2% (2001)4.2% (2011) Varied by organism; for K. sp 1.6%10.4%CDC. MMWR. March 8, 2013. 62(09);165-170Gaynes, Culver.  Infect Control Hosp Epidemiol 1992;13:10–4.Yigit et al. Antimicrob Agents Chemother 2001;45:1151–61.



Regional CRE Prevalence

Lodise. AAC. 2017 Jul 25;61(8)

Presenter
Presentation Notes
LodPremier hospital database includes data from approximately 80 million admissions (>5 million added per year since 2011). Admissions data are provided by >500 participating acute care hospitals from across the United States and account for approximately 20% of all inpatient discharges in the nation (Premier Healthcare Database: Data that Informs and Performs, Premier, Inc., Charlotte, NC). ise et al. Prevalence of Invasive Infections Due to Carbepenem0Resistant Enterobacteriaceae among Adult Patients in US Hospitals. August 2017 vol. 61 no. 8e00228-17. January 2011 and 31 December 2014; positive culture for an Enterobacteriaceae strain obtained from a site consistent with the infection type Carbapenem resistance rates were stratified by U.S. geographic region (9 CDC regions), hospital type and characteristics (teaching versus nonteaching, urban versus rural), hospital unit (intensive care unit [ICU] versus non-ICU), infection type (cUTI, cIAI, HAP, or BSI), and pathogen (Klebsiella spp., Enterobacterspp., Escherichia coli, or other.A total of 60,551 infective episodes met the study criteria. Overall resistance to carbapenem was 2.3% with substantial variation by geographic region
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New Delhi Metallo β-lactamase (NDM-1)
• First described in 2009 

• Traced to India
• Unpopular name politically
• Klebsiella pneumoniae most common

• Confers resistance to most antibiotics
• Usually colistin and tigecycline susceptible
• Colistin-resistant NDM-1 reported

• Subsequent global spread
• Identified in drinking/runoff water

• Highlighted scarcity of systematic AMR data

• Plasmid-mediated, easily transferable
Yong. AAC. 2009 December; 53(12): 5046–5054
Kumarasamy. Lancet ID. 2010;10:597–602
Sidjabat. CID. 2011;52:481-4
Walsh. Lancet ID. 2011;11:355-62

Enzyme produced by the gene blaNDM-1

Presenter
Presentation Notes
Resistance against certain antibiotics is already at high levels in certain places in India (and around the world), but the problem has remained largely unknown because relatively few studies were published and nationwide surveillance was not being carried out. But the issue came to the fore in India when New Delhi metallo-ß-lactamase-1 (NDM-1), first reported in 2009, made front-page news in 2010.Briefly, NDM-1 is an enzyme produced by the gene blaNDM-1; it is named for New Delhi because the Swedish patient in whom it was first identified had undergone surgery in a New Delhi hospital9. The gene was carried on plasmids and could be transferred between different bacterial species, in this case between Klebsiella pneumoniae and Escherichia coli, and most importantly, conferred broad resistance to most antibiotics, including carbapenems. Later studies reported NDM-1 in a tertiary-care centre in Mumbai10.The controversy heated up when a paper appeared reporting the gene in multidrug-resistant Enterobacteriaceae in hospitals in Chennai and Haryana and in isolates from patients represented in the UK's National Reference Library (a high percentage of whom had travelled to the subcontinent)11. 



MCR-1 (Mechanism of Colistin Resistance 1)

• Colistin resistance traditionally chromosomal 
• Not horizontal transfer (sharing between bacteria)

• E. coli surveillance in livestock in China
• Major increase colistin resistance

• Colistin-resistant E. coli strain with ability to transfer

• Concern that mcr-1 could share colistin-R 
• Create pan-resistance

Liu. Lancet ID. 2016 Feb;16(2):161-8

https://www.fwi.co.uk/livestock/antibiotic-
usage-halved-pig-industry-two-years



Major Concern Followed…
• CDC responded 

• Screened 55,000 samples (no MCR1 detected)

• Since found worldwide

• E. coli with MCR-1 in Pennsylvania woman 
• No recent travel outside the U.S. 

• CDC’s Antibiotic Resistance Lab Network 
• 7-8 regional labs
• Labs in all states and 7 major cities to detect 

resistant organisms from human samples
McGann. AAC. doi:10.1128/AAC.01103-16

As of 2016….



And then ….
• September 2016 Nevada woman died CRE Klebsiella

• History of recent, prolonged hospitalizations in India 

• New Delhi metallo-β-lactamase (NDM) confirmed

• CDC testing revealed resistant to 26 antibiotics
• Only Intermediately susceptible to tigecycline
• MCR-1 gene not found

• Investigation on patient’s unit without any transmission

• What’s next superbug?

CDC. MMWR January 13, 2017 / 66(1);33



Conclusions

• Antibiotic resistance is increasing
• Antibiotics #1 driver
• MRSA, VRE, ESBL, FQ resistance commonly encountered in 

primary care
• Emerging drug resistance continues
• Stratify by risk factors, clinical presentation and 

epidemiology
• Know treatment options
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