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Question

Has Mississippi Mud ever been used to treat an 
infection? 

A. It was smeared on boils in the early 1800s
B. It was bottled by Eli Lilly and company in the 

1950s
C. It is being investigated as an alternative to 

colistin
D. No way!

Compound 05865

• Isolated by Edmund Kornfeld in 1953, from a soil sa mple 
sent to him by a missionary in Borneo

• Isolated from Streptomyces orientalis

• Fermentation broths of this organism found to be 
bactericidal against all strains of staphylococci t ested

• Compound 05865 named vancomycin, from “vanquish”

• Approved by FDA in 1958 and marketed by Eli Lilly a nd 
Company

• Popularity tarnished as the impurities from the pre paration 
and fermentation broth were linked to ototoxicity a nd 
nephrotoxicity, earning the nickname “Mississippi M ud”



Pre-Antibiotic Era

1928 – Alexander Fleming discovered a mold with bact eria killing 
properties

Introduction of Antibiotics

“For most of the infectious diseases on the wards of 
Boston City Hospital in 1937, there was nothing to be 
done beyond bed rest and good nursing care.“
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Photo credit, LIFE



Introduction of Antibiotics (cont.)

“I remember the astonishment when the first cases of 
pneumococcal and streptococcal septicemia were 
treated in Boston in 1937.  The phenomenon was 
almost beyond belief.  Here were moribund patients, 
who would surely have died without treatment, 
improving in their appearance within a matter of 
hours of being given the medicine and feeling entirely 
well within the next day or so.…we became 
convinced, overnight, that nothing lay beyond reach 
for the future.  Medicine was off and running.”

��������	
����� ����
	��������������

The Age of the Miracle Drugs

The Power 
of Effective 
Antibiotics



Impact of AntibioticsImpact of Antibiotics

Disease Pre-Antibiotic 
Death Rate

Death with 
Antibiotics

Change in 
Death

Community Pneumonia 1 ~~~~35% ~~~~10% -25%

Hospital Pneumonia 2 ~~~~60% ~~~~30% -30%

Heart Infection 3 ~~~~100% ~~~~25% -75%

Brain Infection 4 >80% <20% -60%

Skin Infection 5 11% <0.5% -10%

By comparison…treatment of heart attacks with aspir in or 
clot busting drugs 6

-3%

1IDSA Position Paper ’08 Clin Infect Dis 47(S3):S249 -65; 2IDSA/ACCP/ATS/SCCM Position Paper ’10 Clin Infect D is In Press; 3Kerr AJ. Subacute 
Bacterial Endocarditis . Springfield IL: Charles C. Thomas, 1955 & Lancet 1935 226:383-4; 4Lancet ’38 231:733-4 & Waring et al. ’48 Am J Med 
5:402-18; 5Spellberg et al. ’09 Clin Infect Dis 49:383-91 & Ma dsen ’73 Infection 1:76-81;                6’88 Lancet 2:349-60

B. Spellberg

New Resistant Bacteria

Mutations

XX

Emergence of Antimicrobial 
Resistance

Susceptible Bacteria

Resistant Bacteria

Resistance Gene Transfer

Community-acquired

Hospital-acquired

Gram-negative rods
Enterococcus sp.

Shigella sp.
N. gonorrhoeae
H. influenzae

M. catarrhalis
S. pneumoniae

1950 1960 1970 1980 1990

S. aureus

Emergence of Antibiotic Resistant 
Bacteria

Cohen;Science 1992;257:1050



D. Monnet, ECDC

Annual U.S. Estimates of MRSA
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JAMA, Klevens 2007; 
CID 2007 (2004 NIS data);
EID 2006, McCaig (NAMCS)
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Minnesota Population Distribution and 
Sentinel Hospital Laboratories

MRSA cases reported MN, 2000-2009

Year CA-MRSA Total MRSA

2000 131 (12%) 1,111

2001 161 (12%) 1,310

2002 213 (14%) 1,570

2003 316 (18%) 1,731

2004 495 (22%) 2,275

2005 1,004 (34%) 2,955

2006 1,496 (41%) 3,647

2007 1,763 (51%) 3,445

2008 1,917 (53%) 3,639

2009 1,898 (56%) 3,401

Totals 9,339 (37%) 25,084

The new generation of resistant infections is almos t 
impossible to treat

- Jerome Groopman, August 11, 2008

In August, 2000, Dr. Roger Wetherbee, an 
infectious-disease expert at New York 
University’s Tisch Hospital, received a 
disturbing call from the hospital’s microbiology 
laboratory. At the time, Wetherbee was in 
charge of handling outbreaks of dangerous 
microbes in the hospital, and the laboratory 
had isolated a bacterium called Klebsiella 
pneumoniae from a patient in an intensive-care 
unit. 

“It was literally resistant to every meaningful 
antibiotic that we had”



Susceptibility Profile of KPC-Producing 
K. pneumoniae
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Highly Resistant Bacteria, U.S.

7% 
(out of 3,029 isolates)

15% 
(out of 4,527 isolates)Klebsiella

34%
(out of 1,454 isolates)

60%
(out of 1,987 isolates)Acinetobacter

Resistant to all 
commonly used 

antibiotic classes

Resistant to 3 or 
more antibiotic 

classesBacterium

Data reported to the National Healthcare Safety Network  2006-08

Mortality:
Carbapenem Resistant vs. Carbapenem Sensitive
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Patel et al. Infect Control Hosp Epidemiol 2008;29:1099-1106
A. Srinivasan, J. Patel – DHQP CDC



CDC, Unpublished Data, Nov. 2006

Geographical Distribution of 
Highly Resistant Klebsiella and Related Bacteria 

Confirmed by CDC

CDC, Unpublished Data, Mar. 2011

Geographical Distribution of 
Highly Resistant Klebsiella and Related Bacteria

Confirmed by CDC

Drug-resistant 'superbugs' 
hit 35 states,

spread worldwide
By Steve Sternberg, USA TODAY Sept. 17, 2010
Bacteria that are able to survive every modern anti biotic are cropping up in many 
U.S. hospitals and are spreading outside the USA, p ublic health officials say .

The bugs, reported by hospitals in more than 35 sta tes, typically strike the critically ill and are 
fatal in 30% to 60% of cases. Israeli doctors are b attling an outbreak in Tel Aviv that has been 
traced to a patient from northern New Jersey, says Neil Fishman, director of infection control 
and epidemiology at the University of Pennsylvania and president of the Society of 
Healthcare Epidemiologists.

The bacteria are equipped with a gene that enablest hem to 
produce an enzyme that disables antibiotics. The en zyme is 

called Klebsiella pneumoniae carbapenamase, or KPC. It 
disables carbapenam antibiotics, last-ditch treatme nts for 

infections that don't respond to other drugs.



CRE Cases in Minnesota

February 2009 

– Identified first KPC+ isolate

– Alert sent to laboratories and healthcare 
facilities in Minnesota

– Laboratories asked to submit possible CRE 
cases to MDH Public Health Laboratory

CRE Cases in Minnesota

Surveillance in 2010

57 isolates CRE isolates submitted to MDH

– 18 (32%) bla KPC positive

» K. pneumoniae (9), E. cloacae (7), K. oxytoca (2)

» respiratory tract (6), wound (4), blood (3), urine 
(3), drainage associated with indwelling GI 
device (2)

» median age 58 years (1-90 years), 10 (56%) male

» 15 (83%) acute or long-term care hospital, 1 
LTCF, 1 outpt 

» 3 deaths



Antibiotic Use



Antibiotic Use in the U.S. 

• Antibiotic use is the biggest driver in the 
emergence of antimicrobial resistance

• Antibiotics account for 1 in every 7 
outpatient prescriptions in the U.S.

• 115-150 million outpatient antibiotic 
prescriptions/year

• 200 million defined daily doses in 
hospitalized patients/year

• 20-40% of hospital drug budgets

• More than 70% of infections in hospitalized 
patients are resistant to at least one of the 
drugs commonly used to treat the infecting 
organisms

Antibiotic Use in Inpatients in US

• One in three inpatients receive 2 or more antibioti cs

• Of inpatients receiving antibiotics, 3 of 4 receive  
unnecessary/redundant therapy

• U.S. antibiotic resistant infections are responsibl e for: 

– $20 billion in excess healthcare costs

– $35 billion in societal costs 

– 8 million additional hospital days 
•

CDC, 2010



Antibiotic Overuse at Extremes 
of Age

• Many childcare centers have 
policies excluding children until on 
antibiotics for 24 hours if they have 
thick nasal discharge or “acute 
bronchitis”, or a febrile illness

• 50-70% of nursing home residents 
receive at least one systemic 
antimicrobial per year and 35-75% 
of these systemic antimicrobials are 
inappropriately prescribed

Nicolle et. al., Clin. Microbiol. Rev 1996; 9:1-17

Resistance from Antimicrobial Use in 
Food Animals

• Antimicrobial agents used in food animals are often the 
same or in the same classes as those used in human 
medicine

• Very large quantities of these agents are used in food 
animal production

• 9.3 million kg sold in 2009 for use in food animals in US 
compared with 3.3 million in humans 
(http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFee
ActADUFA/UCM231851.pdf)

• Favorable conditions for selection, persistence, and 
spread of antimicrobial-resistant animal and human 
pathogens

• Food animals and food are traded worldwide

Antimicrobial Use in Food Animals

Growth promotion
– Absence of disease
– Low doses, long duration

� tetracycline, penicillin, macrolides, 
lincomycin, virginiamycin (streptogramin)

Disease prevention
– Absence of disease
– High doses, short duration

Treatment of infectious diseases



Human Health Implications of 
Antimicrobial Use in Food Animals

Antimicrobial use in food animals can select for 
resistance
• Bacteria transmitted to humans through food 

(consumption, exposed during handling of food, 
slaughter)

• Bacteria transmitted via handling of animals and 
their environment (manure)

• Contamination of ground and surface water by 
resistant bacteria and undigested antibiotics from 
manure

• Transmission of mobile resistance genes
Rapidly growing body of information on human health 

consequences, most evident for:
Campylobacter, Salmonella, Enterococcus

Aerestrup, Wegener and Collignon, Expert Rev Anti I nfect Ther. 2008; 6: 733-50

The Journal of Infectious Diseases 2002;185:837-40

Ciprofloxacin Resistance in Campylobacter 
jejuni Evolves Rapidly in Chickens Treated 

with Fluoroquinolones
Patrick F. McDermott, Sonya M. Bodeis, Linda L. Eng lish, David 
G. White, Robert D. Walker, Shahua Zhao, Shabbir Si mjee, and 

David D. Wagner

Division of Animal and Food Microbiology, Center 
for Veterinary Medicine, US Food and Drug 

Administration, Laurel, Maryland



Multidrug-Resistant Clones of 
Salmonella Have Spread Around the 

World

S. Typhimurium DT104

• Pentaresistant - ACSSuT

*Preliminary data
†R=Resistance, CLSI subcl=Antimicrobial subclasses defined by the Clinical and Laboratory 
Standards Institute
‡Other non-Typhi Salmonella serotypes
NARMS, CDC

Percentage of resistance in Salmonella, Shigella , 
and E. coli  O157 outbreak isolates, 2004-2008*
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Increase in resistant E. coli
infections in the community

– Drug resistant isolates may be 
acquired by people through food 
and food animals

New Antibiotics

On average it takes 10 years and $800 million 
dollars per new antibiotic that comes on the 
market

Declining Antibacterial Approvals, Declining Antibacterial Approvals, 
U.S.U.S.

Spellberg, Spellberg, CIDCID 2004, Modified2004, Modified
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What Can Be Done?

Combating Antibiotic Resistance

• Antibiotic Stewardship

• Immunizations

• Infection Control

• Surveillance for antibiotic resistant bacteria

• Measure antibiotic use

• Novel antibiotics

Antimicrobial Stewardship

“…. the microbes are educated to resist 
penicillin and a host of penicillin-fast 
organisms is bred out… In such cases the 
thoughtless person playing with penicillin is 
morally responsible for the death of the man 
who finally succumbs to infection with the 
penicillin-resistant organism.  I hope this evil 
can be averted.”

- Sir Alexander Fleming, June 1945



Antimicrobial Stewardship

Considerations for Antimicrobial 
Stewardship Programs

• Multidisciplinary Antimicrobial Stewardship Team

• Physician, pharmacist, clinical microbiologist, 
infection preventionist

• Training in Antimicrobial Stewardship

• Review practices and make recommendations

• Limitations on antimicrobial formulary to most clin ically 
and epidemiologically effective and cost efficient anti-
infective agents

• Develop institutional guidelines for management of 
common infection syndromes and for optimizing 
antimicrobial use

• Develop processes to measure and monitor antimicrob ial 
use at institutional level for internal benchmarkin g

EUROSURVEILLANCE 
13 November 2008 ·

www.eurosurveillance.org



WHO:  Global Principles for Containment of 
Antimicrobial Resistance due to 

Antimicrobial Use in Animals Intended for 
Food

• Obligatory prescriptions for all antimicrobials 
used in food animals

• Termination or rapid phasing-out of 
antimicrobials for growth promotion if used for 
treatment of humans

• National systems to monitor antimicrobial use in 
food animals

WHO Global Principles for Containment of 
Antimicrobial Resistance due to 

Antimicrobial Use in Animals Intended for 
Food (cont.)

• Prelicensing safety evaluation of antimicrobials 
with consideration of potential resistance to 
human drugs

• Monitoring of resistance

• Guidelines for veterinarians



Enrofloxacin withdrawn as of September 2005

Discontinuing Antimicrobial Growth 
Promoters (AGP) in Denmark

1995 Avoparcin (glycopeptide)

1998 Virginiamycin (streptogramin); 
Discontinued use of all AGPs in 
broiler production 

2000 Discontinued use of all AGPs in 
swine production

Year Discontinued AGP



Vancomycin Resistance in E. faecium
from Broilers After the Ban of 

Avoparcin in Denmark

Aarestrup FM, et al. AAC, July 2001, p. 2054 - 2059
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Decline in Invasive Pneumococcal 
Disease

(1998-9 and 2001, ABCs)

• In children < 2 years IPD rate dropped by 69%

– IPD caused by PCV7 serotypes dropped by 78%

• Adults 20-39 years old IPD rate dropped by 32%

• Rate of disease caused by non-susceptible strains 
dropped by 35%

Whitney New Eng J Med 2003; 348: 1737-46

Penicillin Non-susceptibility among Serotypes Causi ng 
Invasive Pneumococcal Disease in Adults

Percent of All invasive strains, 2004/2005 vs. 1998 /1999
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PCV13 expands protection against 
invasive disease in children

Mary P. Glode, M.D., FAAP March 16, 2010

The Food and Drug Administration (FDA) has licensed a new 
pneumococcal conjugate vaccine (Prevnar 13 [PCV13], Wyeth 
Pharmaceuticals Inc., a subsidiary of Pfizer Inc.) for childr en 6 weeks 
through 71 months of age. The Advisory Committee on Immunization
Practices (ACIP) of the Centers for Disease Control and Prev ention (CDC) 
also has recommended its use in infants and children. 

PCV13 will replace Prevnar (PCV7), which was licensed in 2000. In 
addition to the seven pneumococcal serotypes in PCV 7 (4, 
6B, 9V, 14, 18C, 19F and 23F), the new vaccine cont ains 
capsular polysaccharides from six additional seroty pes of 
pneumococcus (1, 3, 5, 6A, 7F and 19A)



Infection Control is an Integral 
Part of Preventing Transmission 

of Resistant Organisms

Burton, D. C. et al. JAMA 2009;301:727-736 .

Trends in Percent MRSA and Incidence of Staphylococcus aureus
Central Line-Associated Bloodstream Infections in I ntensive Care 
Units--National Nosocomial Infections Surveillance System, 1997-

2004; National Healthcare Safety Network, 2006-2007

CDC and Healthcare Infection Control 
Practices Advisory Committee (HICPAC) 

Recommendations,
March 2009

- Contact precautions, be sure lab can detect and communicate 

-If non-endemic for CRE: look back in the last 6-12 months for missed CRE

- If identified, point prevalence survey of current residents in high risk wards 
within the facility, surveillance of those with epi-links to patients with CRE



Antibiotics Research Subsidies 
Weighed by U.S.
By Andrew Pollack Published: November 5, 2010

Margaret A. Hamburg, commissioner of the Food and Drug 
Administration, said at a news conference last month. The 
world’s weakening arsenal against “superbugs” has prompted 
scientists to warn that everyday infections could again 
become a major cause of death just as they were 
before the advent of penicillin around 1940. 
“For these infections, we’re back to dancing around a 
bubbling cauldron while rubbing two chicken bones 
together,” said Dr. Brad Spellberg, an infectious disease 
specialist at Harbor-U.C.L.A. Medical Center in Torrance,

Post-Antibiotic Era



Resources on the Internet

• CDC: www.cdc.gov/drugresistance

• WHO: www.who.int
www.who.int/drugresistance/en/Antimicrobial
_resistance_recommendations_of 
expert_polic.pdf

• FDA: www.fda.gov

• IDSA: www.idsociety.org

• Alliance for the Prudent Use of Antibiotics: 
www.tufts.edu/med/apua

• MARC: www.minnesotaarc.org
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