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THE CRISIS IN ANTIBIOTIC RESISTANCE 
Science  257:  1064, 1992. 

   Dr. Harold C. Neu 
 

 

The synthesis of large numbers of antibiotics over the past three 

decades has caused complacency about the threat of bacterial 

resistance.  Bacteria have become resistant to antimicrobial agents 

as a result of chromosomal changes or the exchange of genetic 

material via plasmids and transposons.  Streptococcus 

pneumoniae, Streptococcus pyogenes, and staphylococci, 

organisms that cause respiratory and cutaneous infections, and 

members of the Enterobacteriaceae and Pseudomonas families, 

organisms that cause diarrhea, urinary infection, and sepsis, are 

now resistant to virtually all of the older antibiotics.  The extensive 

use of antibiotics in the community and hospitals has fueled this 

crisis.  Mechanisms such as antibiotic control programs, better 

hygiene, and synthesis of agents with improved antimicrobial 

activity need to be adopted in order to limit bacterial resistance. 
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National Antibiotic Resistance Trends 2016 

 

Multidrug-resistant organisms -- MDROs 

 

ESCAPE pathogens 

• Enterococcus (VRE) 

• Staphylococcus aureus (MRSA and VISA) 

• Carbapenem-resistant Enterobacteriacea (CRE – KPC, NDM-1, etc) 

• Acinetobacter (MDR strains) 

• Pseudomonas (Fluoroquinolone resistant) 

• Extended spectrum beta-lactamase producing GNR (ESBL positive 

E. coli, Klebsiella, Enterobacter) 

• plus Clostridium difficile (C diff) 
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Impact of Antibiotic Resistance 

 
What happens if the patient gets infected with 

an MDRO? 

Cosgrove SE. Clin Infect Dis. 2006; 42:S82-9. 
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JAMA 10/14 
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Fluoroquinolone resistance in Pseudomonas 

(ciprofloxacin)  
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Fluoroquinolone resistance in Pseudomonas 

(ciprofloxacin)  
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Are our work-horse agents eroding in value  

due to emerging resistance? 
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“Community-acquired” MRSA 

• 1988: first appearance of 
sporadic cases 

• 1993-1995: University of 
Chicago Children’s Hospital -
- 25-fold increase in CA-
MRSA 

– Different sensitivity pattern 
noted in some 

– Cellulitis and abscesses  

• 1999: Minnesota and North 
Dakota – 4 pediatric deaths  

• 2002–2003: clusters of 
cases in athletes, IVDU’s, 
gay men 

• 2004–2007 prevalent in 
many communities 

 



Clusters of CA-MRSA in athletes 

risk factors 

• Football, rugby, wrestling 

• Towel and soap sharing 

• Turf burns, other sites of abrasion 

• Body shaving 

• Suboptimal hygeine in players, trainers 

• BMI (e.g. linemen) 

• Prior antibiotic use 

• Poor maintenance of equipment (e.g. 
whirlpools) 

• Relatively little nasal carriage 





How should we control MRSA? 

• Hand sanitation! 

• Isolation of proven / suspect MRSA 

• Pre-emptive screening for MRSA 

– Nursing home admissions 

– Transfer from other acute care institutions 

– Admissions from WCC’s 

• Routine barrier precautions (CCU) 

• Antibiotic controls  
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Emergence of MRSA over 20 years Stamford 

Hospital Microbiology Lab data 
(community and hospital strains) 
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Stamford MRSA Prevalence is Declining 
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Stamford Hospital  

Screening Program for MRSA 

• Populations at high risk for 

screening protocol 

– Nursing home patients 

– Acute care transfers 

– WCC patients 

– ICU admissions 

– SCU admissions 

– Hemodialysis patients 

• Preop  

– TJR, Spines, Cardiac 

• Methodology 

– PCR (GeneXpert) 
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Hand hygiene 
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Hand Hygiene Stamford Hospital 
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Stamford Hospital  

Screening Program for MRSA 

• Populations at high risk for 

screening protocol 

– Nursing home patients 

– Acute care transfers 

– WCC patients 

– ICU admissions 

– SCU admissions 

– Hemodialysis patients 

• Preop  

– TJR, Spines, Cardiac 

• Methodology 

– PCR (GeneXpert) 
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Hospital-acquired MRSA Infections  

Stamford Hospital Overall 
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Extended Spectrum Beta-lactamases (ESBL) 

• Confer resistance to all cephalosporins and 
penicillins 

– Gram negative bacilli (E coli, Klebsiella, etc) 

– 700 different profiles 

• Prevalence of ESBLs is unappreciated 

– Laboratories fail to detect ESBL in 25% of instances 

depending on the type of enzyme present (Tenover, 

CDC, 2009) 

• Chronic intestinal carriage 

• High rate of treatment failure 

• Inpatient and community prevalence 
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ESBL-positive isolates at Stamford 
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Outpatient urine culture 
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Emergence of Carbapenem-resistant 

Enterobacteriaceae (CRE) 

• Carbapenems have remained effective against 

most of the Enterobacteriaceae, including ESBL 

producing strains. 

• CRE (KPC most common)  
– Appeared 1996;  2690 cases in NYS, 50% hospital acquired in 2014 

– Klebsiella, E. coli, Enterobacter and others 

– Confer resistance to all b-lactams including extended-spectrum 

cephalosporins and carbapenems 

– Usually co-resistant to multiple other agents 

– Multiple enzyme profiles (KPC, NDM, VIM, OXA, others) 

– High mortality due to co-morbidities and lack of effective treatment  

– **Plasmid mediated** 
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CDC Action Plan  

for CRE Control 

• Surveillance 

• HCW education 

• Laboratory detection 

– lab education 

• Mandatory Reporting 

• Strict isolation / contact tracing / screening 

• Antibiotic stewardship 

• Limited options for treatment 

• colistin, ceftazidime + avibactam (Avycaz), fosfomycin  
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Infection Prevention Escalation 

Intensive  

Infection Control 

– Hand Hygiene 

– Contact precautions 

– Cohort patients and staff 

– Screening cultures of 

patient contacts 

– Save cultures 

– Report to DPH  
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Basic  

Infection Control 

– Hand Hygiene 

– Contact precautions 

MRSA, VRE, ESBL CRE 



Antibiotic Resistance is frequently  

associated with Hospital-acquired Infections 
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Hospital-acquired infections (HAI) 
 

– Often due to drug-resistant pathogens 

– High patient mortality (up to 20% of HAI) and 
morbidity 

– High costs  

• Attributable direct care ($30-45 billion) 

• Indirect costs (LOS, lost business, isolation) 

• Liability costs 

– Infection Prevention = Expense Prevention 

– Preventable (“zero infections”) 

– Public interest 

• Federal initiatives and reimbursement penalties 

• Mandatory reporting of infections 

• National reporting requirements (CMS) 

• Public perception of poor quality of care 
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Hospital-acquired infection = Medical Mistake 



What is antibiotic stewardship? 

Antimicrobial stewardship is a coordinated 

program that promotes the appropriate use of 

antimicrobial agents, improves patient outcomes, 

reduces microbial resistance, reduces cost, and 

decreases the spread of infections caused by 

multidrug-resistant organisms. 

  
APIC/IDSA/CDC/SHEA 
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Stamford Hospital 

Antibiotic Stewardship Program 

• Formulary restrictions 

• Prescribing limitations / ID approval required by drug / dose 

• Preprinted orders / pathways (e.g. CAP, febrile neutropenia)  

• Antibiotic prophylaxis standards 

• IV to PO program (pharmacy based) 

• Renal dosing (pharmacy based) 

• Antibiogram review  

• Restricted susceptibility reporting (cascade system thru micro lab) 

• Daily Blood culture monitoring for appropriateness of Rx 

• Drug:Bug Mismatch detection in micro lab 

• De-escalation program in ICU – “antibiotic time-out” 

• Education for correct duration of rx 

• Monitoring MDRO for determining formulary changes and 
guideline changes 

• Spot Drug Use Evaluations (DUEs) 

• Escalation of rapid molecular diagnostics 

• Increased emphasis on using biomarkers (e.g. procalcitonin) 

 



Vancomycin Usage Reduction Program 
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The most dramatic complication of excess 

antibiotic use is Clostridium difficile infection 

• ≥95% CDI pts have received antibiotic therapy 
– Fluoroquinolones  > cephalosporins  > penicillins 

– Role of PPIs 

• Environmental contamination by C. difficile is common 
(spores are difficult to eradicate) 

• Personnel carry C. difficile on their hands 

• Asymptomatic patients carry C. difficile 
• 3-6% community carriage 

• Patients regularly acquire C. difficile                                     
in health care facilities 
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Difficulties in controlling the spread of 

C. difficile 

• Difficulty preventing infection in high risk settings – 
“incident density” pressure – carriers + ill 

• High community prevalence 

• Antibiotic use and overuse (stewardship program) 

• Prolonged fecal and skin carriage (isolation for 
duration of hospitalization) 

• Frequent recurrence (longer treatment courses, 
fidaxomycin, fecal transplant) 

• Persistence of spores in the environment (bleach or 
peracetic acid for disinfection; UV light disinfection) 
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Stamford Hospital-acquired C difficile 



• Klebsiella pneumoniae carbapenemase 

(KPC)  

• New Delhi Metallo-beta-lactamase-1 (NDM-

1) 

• Oxacillinase-48 (OXA-48 and OXA-48-like)  

• Verona Integron-Encoded Metallo-beta-

lactamase (VIM) 

• Novel Carbapenemases 

• Plasmid-mediated Colistin Resistance 

(mcr -1, mcr-2)  

 

Superbugs in the Headlines 
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