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CDC estimates 2 million 
infections and 23,000
deaths per year in the
U.S. caused by 
antibiotic-
resistant bacteria.



Patients' bodies had super bugs 

More than 100 people who died at hospitals in south-west 
London in the last three years were carrying deadly super bugs, 
figures show. 
At St. George's NHS Trust 95 people had C. difficile listed on their 
death certificate and the bug was cited as a cause of death for 
14 of those. 
A further 21 people died where MRSA was listed as a related 
cause. 

Story from BBC NEWS
Published: 2007/11/01 4
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Objectives

• How antibiotics work
• How microbes become antibiotic-resistant
• A case study: MRSA
• Basic approaches to controlling antibiotic 

resistance
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How Antibiotics Work
• Antibiotics bind to specific targets on or within 

bacteria. Different types of antibiotics have 
different targets. Common targets include the 
bacterial cell wall and the genetic machinery 
inside the bacteria.

• Once bound to it’s target, the antibiotic kills, or 
at least inhibits growth of, the bacteria.

• Antibiotics do not work alone to cure infections; 
you still need a functioning immune system, 
drainage of abscesses, and the removal of dead 
tissue and infected foreign bodies (metal, plastic, 
cement, etc.). 7
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Alexander Fleming (1881 – 1955), Scottish. Discovered penicillin at 
St. Mary’s Hospital in London in 1928.
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Fleming’s photograph
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Our bodies are home to many more 
microbial cells than human cells. We 
are natural reefs, or scaffolding, for 

microbes. These microbes are vital to 
our development and survival. An 

increasing number of illnesses have 
been attributed to alterations in this 

microbiome. Occasionally a pathogenic 
microbe takes up residence among the 
normal flora, invades, and makes us ill. 13



None of the antibiotics we use are 
able to target a single type of bacteria 

and leave our normal flora 
undamaged. The antibiotics we 

prescribe attack bacteria we know, or 
suspect, to be causing infection, but 

also kill or inhibit many other types of 
harmless bacteria that comprise our 

microbiome.
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Antibiotics do not “sterilize” us. 
Hopefully they eradicate a 

pathogenic invader, but at the 
same time they damage our 

microbiome and make us more 
likely to be colonized with 

antibiotic-resistant organisms.
15



Our diagnostic testing is limited. 
Many of the antibiotics we prescribe, 

both in the clinics and the hospital, 
treat a disease (pneumonia or urine 
infection for example) without our 
knowing which specific bacteria are 

actually the cause or what antibiotics 
they are susceptible to.
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All antibiotics we use are have a 
limited duration of utility. Some 

antibiotics are more durable than 
others, but each dose of an 
antibiotic, ever so slightly, 

contributes to their demise.
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Basic Mechanisms of 
Antibiotic Resistance

• Enzymatically destroy the drug before it 
binds the target

• Alter the drug target so it cannot bind
• Reduce access of the drug to the target:

– Block entry 
– Pump drug out of the cell
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Antibiotic Resistance Concepts (1)

• Antibiotics, and the genetic elements which 
confer resistance to antibiotics, existed in 
nature long before they were developed for 
medicinal use.

• Microbes are more adaptable than we are. 
Microbial evolution depends on genetic 
variability in response to selective pressure. In 
human terms, they divide quickly, mutate often, 
and promiscuously share DNA. 
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Antibiotic Resistance Concepts (2)

• Antibiotic resistance correlates with 
antibiotic use. The frequency of resistance 
reflects the degree to which antibiotic use 
exerts selective pressure. 

• Resistance may be a local phenomenon, on a 
hospital ward or in a community, or may 
reflect the global spread of resistance genes.
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Antibiotic Resistance Concepts (3)

• Bacteria have a finite number of mechanisms 
by which they become resistant to 
antibiotics, but resistance has developed 
with each new class of drug. 

• There are no antibiotics to which resistance 
has not been demonstrated.
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Antibiotic Resistance Concepts (4)

• Resistance to a class of antibiotics may occur 
rapidly or may not occur for decades. The 
emergence of resistant strains may be 
accelerated in closed, stressed populations, 
such as animal farms, daycare centers, or 
intensive care units.
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Life magazine, June, 1944 24



The good old days… 25



“It is time to close the book on 
infectious diseases”

William Stewart, Surgeon General, 1967



2017: MDR Everything 
(multidrug resistance)

• The Big Three:
– Tuberculosis
– HIV
– Malaria

• Staph aureus (MRSA)
• Pseudomonas
• Pneumococcus
• Klebsiella & E. coli (CRE)
• Enterococcus (VRE)
• Enterobacter
• Gonorrhea
• Acinetobacter
• Influenza
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The Strange Case of Staph aureus
• Penicillin introduced in mid-1940s. It is active 

against Staph aureus.
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• Penicillin introduced mid-1940s.

• Penicillin-resistant Staph aureus due to 
enzymatic destruction (β-lactamase) is  
common by the 1950s.
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• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.

• In 1959, penicillin was modified to create 
methicillin in order to resist β-lactamase.
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Penicillin

Nafcillin



• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.

• By 1961 Staph aureus had evolved a different 
target (penicillin-binding protein), creating 
MRSA.

35British Medical Journal, 1961 



• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.
• By 1961, Staph aureus changes penicillin-binding protein target 

for β-lactams, creating MRSA.

• Vancomycin rushed to market. Heavy use begins 
in the 1980s.
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• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.
• By 1961, Staph aureus changes penicillin-binding protein target 

for β-lactams, creating MRSA.
• Vancomycin rushed to market. Heavy use begins in 1980s.

• 1988: Vancomycin-resistant enterococci 
(altered vancomycin target).
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New England Journal of Medicine, 
7/21/88



• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.
• By 1961, Staph aureus changes penicillin-binding protein target 

for β-lactams, creating MRSA.
• Vancomycin rushed to market. Heavy use begins in 1980s.
• 1988: Vancomycin-resistant enterococci described.

• 2002: Vancomycin-resistant Staph aureus 
described.
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• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.
• By 1961, Staph aureus changes penicillin-binding protein target 

for β-lactams, creating MRSA.
• Vancomycin rushed to market. Heavy use begins in 1980s.
• 1988: Vancomycin-resistant enterococci described .
• 1994: Vancomycin-dependent enterococci.
• 2002: Vancomycin-resistant Staph aureus described.

• Quinupristin-dalfopristin, daptomycin, & 
linezolid approved (1999 – 2003) to meet 
challenge of vancomycin resistance.
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Quinupristin-dalfopristin 
resistance

Daptomycin resistance

Linezolid resistance
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• Penicillin introduced mid-1940s.
• Penicillin-resistant Staph aureus due to β-lactamase common by 

the 1950s.
• In 1959, penicillin was modified to create methicillin in order to 

resist β-lactamase.
• By 1961, Staph aureus changes penicillin-binding protein target 

for β-lactams, creating MRSA.
• Vancomycin rushed to market. Heavy use begins in 1980s.
• 1988: Vancomycin-resistant enterococci described.
• 2002: Vancomycin-resistant Staph aureus described.
• Quinupristin-dalfopristin, daptomycin, & linezolid released (1999 

– 2003) to meet challenge of vancomycin resistance. Resistance 
to all 3 reported.

• Telavancin, dalbavancin, oritavancin and 
ceftaroline approved since 2009….
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That’s It For the Good News
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chicagotribune.com

Superbug found at suburban hospital 
Lutheran General, health officials taking steps to prevent spread of CRE
By Robert McCoppin and Cynthia Dizikes, Tribune reporters
January 10, 2014
A north suburban hospital made a public plea Thursday that any patient who 
underwent a specific endoscopic procedure between January and September 
2013 return for a free screening after a highly drug-resistant strain of bacteria 
was found on some of the scopes.
So far, Advocate Lutheran General Hospital in Park Ridge has identified 38 
patients who have tested positive for an emerging strain of carbapenem-
resistant Enterobacteriaceae, or CRE, which are bacteria that are resistant to a 
class of antibiotics used as a last-resort treatment for seriously ill people.
Over the course of the last year, the Centers for Disease Control and Prevention 
has identified a total of 44 people in northeastern Illinois with this particular 
strain, making it the largest such outbreak in the United States to date.

http://bio.tribune.com/RobertMcCoppin
http://bio.tribune.com/CynthiaDizikes


Fear of a “Post-Antibiotic Era”
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8/26/14
Specimen: Trachea. Specimen submitted on a swab.
Gram Smear Result: Mod Polys, Mod Mixed gram positive and gram negative 
organisms 
Result KLEBSIELLA PNEUMONIAE CRE

Antibiotic Interpretation 
Amikacin Intermediate 
Ampicillin Resistant
Amp-Sulbactam  Resistant
Ceftazidime Resistant
Ceftriaxone Resistant 
Ciprofloxacin Resistant 
Colistin Resistant
Ertapenem Resistant 
Gentamicin Resistant
Meropenem Resistant 
Pip-Tazobactam  Resistant 
Polymyxin B Resistant
Tobramycin Resistant
Trim-Sulfa Resistant 



Final Thoughts
• There is no evidence that antibiotic resistance is 

slowing. Everywhere you look it is increasing. 
• Physicians and patients need to think about antibiotics 

as a unique, time-limited drug class, with each dose 
contributing to their demise.

• We cannot assume that the pharmaceutical industry 
will successfully bring novel antibiotics to the market 
faster than we burn them out.

• Industry needs incentives to develop these drugs which 
are not traditionally big money-makers. Drugs for 
incurable diseases (hypertension, lipids, diabetes, HIV, 
etc.) are more profitable than drugs for diseases which 
either kill you or are cured in the first week. 48



Declining Antibiotic Approvals
United States
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The GAIN Act
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Passed in the U.S. Senate June 26, 2012, by a vote of 92 – 4
President Obama signed into law on July 9, 2012



Final Thoughts(2)
• As soon as a new antibiotic is released, infectious 

disease specialists try to limit it’s use. This makes for a 
poor business plan.

• Physicians need to do a better job at preserving our 
existing drugs:
– Reduce inappropriate use, restrict use, rotate use, 

combination use.
– Treat only as long as is necessary. Shorter durations.

• Healthcare workers need to reduce the transmission of 
resistant bacteria in the hospital:
– Hand hygiene.
– Contact isolation.

• We need to resolve the controversy over the use of 
antibiotics in farming. Animal use accounts for about 
75% of the antibiotic market in the U.S. 51



Final Thoughts(3)
• We need more comprehensive surveillance 

systems both in the community and in 
hospitals. Ignorance breeds complacency.

• We need more research about what really 
works to slow the development of resistance, 
rather than relying on dogma and anecdote.

• We need vaccines
• We need rapid, accurate diagnostic tests to 

allow physicians to focus treatment, rather than 
relying on a “shotgun” approach

• President Obama signed Executive Order 13676 
on 9/18/14: Combating Antibiotic-Resistant 
Bacteria 52
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