Antibiotic Resistance

Attack of the Superbugs






Marilyn C. Roberts PhD






marilynr@u.washington.edu





office F161D
Alternatives Prior to Antibiotics

(pre-1950)

1.  Vaccines

2.  Antisera therapy

3.  Phage therapy

4.  Surgery (M. tuberculosis)

5.  Herbal medicine

6.  Food (Chicken soup)

7.  Behavioral changes (quarantine)

8.  Probiotics- use living microbes to compete with the potential 

Pathogens;   1950’s neonatal wards painted belly buttons with 
nonpathogenic S. aureus to protect against virulent strains

WHY ANTIBIOTIC THERAPY FAILS

1.  Patient does not comply with therapy- longer therapy harder 


Mycobacterium diseases

2.  Inappropriate antibiotic prescribed


Antibiotics for viral infection; Gram-positive antibiotics for Gram-



negative diseases

3.  Antibiotic not given in correct dose or taken long enough

4*.  Pathogen is resistant to therapy
5.  Patient is immunocompromised-major issue in hospitals today
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1.  Antibiotic resistant bacteria is a product of antibiotic use over the last 

50 years

2.  Shortly after introduction of penicillin (1945) first resistant staphylococci 



cultured

3.  Today some multi-drug resistant pathogens have few or no available

 
antibiotics for use- a return to “the pre-antibiotic age”

a) Staphylococcus aureus
b) Enterococcus spp.

c) Streptococcus pneumoniae

d) Plasmodium spp.
4.  Few new agents becoming available for clinical use - most are
 modification of current drugs not new classes of agents - easier and
 faster for bacteria to become resistant

5.  “Simplest way to enhance a bacterial bioweapon is to make it resistant to 

antibiotics”  Nature 411:232, 2001

6.  Technology available for most biological agents of bioweapon potential 

7.  Russians reportedly made Y. pestis resistant to 16 different antibiotics



doxycycline therapy of choice - naturally resistant strains have been
isolated

8.  Clostridium spp. (toxin producers) resistance genes to variety of drugs used



for therapy already in the genus - easy to transfer to toxin producer(s) of



interest

Antibiotic Targets  
1.  Bacteria usually structurally different than man with different biological 


pathways, enzymes and nutritional requirements  

2. Biological pathways, enzymes and nutritional requirements may or may not 


be different in virus, fungi, yeast, parasite
3. Antibiotics (Bacteria) usually have minimal affect on host, while 


anti-infective for treatment of virus, fungi, yeast, parasites therapy

 may impact the host to varying degrees
4. Antibiotics and anti-infectives often work directly on the pathways which

produce DNA, RNA, protein, cell wall, other microbial pathways

5. Bacteriostatic: inhibits bacterial growth without killing in vitro

6. Bactericidal: kills in vitro

7. In vivo antibiotics/anti-infectives work with the host immune system to

 stop infection   CAN NOT CURE INFECTION ALONE

Antibiotic Consumption - Industrialized Nations
1.  Human use about 50%, but does vary by country


    a) Primarily for therapy
   
Most prescriptions are for < 5 and > 65 years

   
Few years ago- 24 million pediatric prescription –most inappropriate


   
CDC began campaign to educate public and clinicians 

   b) Limited use for prevention 

   c) Noninfectious use (acne, other skin diseases)

         2.  Animal use about 50%, also varies by country


   a) Used in animal feed for growth promotion - low dose



Best way to select for antibiotic resistant bacteria



No longer done in EU countries


   b) Prevention of disease


     c)  Therapy

Resistance: Organisms have acquired the ability to grow on high levels of 

drug to which it was originally susceptible 


a) Usually only some strains of a group are resistant not all members


b) Early strains are susceptible, recent strains are resistant

Innate Resistance: All members including strains isolated in 1940-50’s or
 1800’s are resistant

Reason for Resistance:

a) Lack target - no cell wall; innately resistant to penicillin; lack pathway


b) Target is modified to prevent antibiotic from working- A2058 is 


another base in 23S rRNA- innately resistant to macrolides; resistance 


to antiviral agents


c) Innate efflux pumps; drug is blocked from entering cell or increased 



export of the drug so does not achieve adequate internal 


concentration

Resistance

1. Virtually all pathogens (bacterial, viral, fungal, parasite and cancer) will develop resistance to therapies 
2. All pathogens develop resistance by mutation of innate host machinery 
3. Bacteria also develop resistance by acquisition of new genes on mobile elements (plasmids, transposons, conjugative transposons, integrons) or acquisition of pieces of genes to create mosaics
         a) Eukaryotic pathogens and man also carry mobile elements but these 


have not been associated with increased drug resistance 
4.  Most bacterial resistance of clinical significance is due to acquisition
a) Lateral DNA exchange is why resistance is able to move quickly 
 
      through a bacterial population

  
b) Allows unrelated bacteria to acquire resistance genes 

c)  Allows multiple resistance genes and /or others genes [toxins, 

      virulence factors, heavy metal resistance] packaged and move 
     
      as a single unit
Antibiotic Resistant Bacteria 
Treatment of multidrug resistant MDRTB: 10 times more costly vs susceptible 

    NY City spent ~$1 billion MDRTB control during the 1990’s

Multidrug resistant TB [MDRTB] Short course 1st therapy cure rates 5%-60%

         
2nd therapy cure rates 48%->80%: death rates:  0-37%,  < 89% for HIV
 + pts

Hospital stays; MRSA disease 1.3 times longer: Treatment of MRSA $20,000 
    Treatment of multidrug resistant Gram-negative infections 2.7 times more costly 


vs susceptible 

Hospital stays; resistant Gram-negative disease 1.7-2.6 times longer than 


susceptible disease

Generally resistant bacteria are not more virulent but disease course acts as
 though no therapy provided:  exception community acquired methicillin

 resistant Staphylococcus aureus [CA-MRSA]
CA-MRSA produce toxin which damage organs [flesh eating bacteria]
JAMA Oct 2007 15:1763; estimate 94,360 MRSA infections in 2005 with 

13.7% community associated; number of deaths ~18,000 more than AIDS 


deaths in US for 2005
TYPE OF ANTIBIOTIC RESISTANCE 
       Mutational 









Acquired
       bacteria, virus, fungal, parasite and cancer 



bacteria 
Usually moderate level of resistance





High level resistance


multiple changes needed






Transfer to unrelated species/genera













Addition of new protein(s)

Change existing structures





















On mobile elements

Mutations transferred to daughter cells













Transfer by conjugation, occasionally
Bacteria; possible transfer by transduction, transformation


transduction, transformation

Clinical importance varies 







Very important clinically for bacteria
Usually resistant to one drug class





Often multiple drug class resistance 
















Acquire other genes (toxins, resistance














  to heavy metals, etc)

Plasmids, Transposons, Conjugative transposons, integrons

1.  These elements can exchange genes resulting in antibiotic resistance gene reassortment and linkages

a) One plasmid family can carry multiple different antibiotic resistance
 genes in various combinations

[image: image2.jpg]



 
b) Same is true for transposons, conjugative transposons & integrons

Transposon
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c) Many have hotspot for recombination so collect these genes 


d) Allow resistance genes to be maintained in a population



Still see resistance to chloramphenicol when the antibiotic has not 

been used in the US for 30 years


e) Join virulence factors and antibiotic resistance genes in 1 element



creates “super bug”

Same antibiotics used in man and animals
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In farm antibiotic resistant pathogens and commensal bacteria develop in the animal, plants, local environment & surrounding  community, and people 

Antibiotic resistant bacteria found in food, recreational & drinking water
Transgenic plants may carry viable antibiotic resistance genes which could possibly transfer to human/animal bacteria

Antibiotics are found in food in North America
· Penicillins, Tetracyclines, Macrolides

· Lincomycins, Bacitracin, Virginiamycin

· Aminoglycosides, Sulfonamides, Streptomycin
Potential Spread from Food/Environment to Man

Some probiotic Lactobacillus spp. used in food production and starter
 Cultures are antibiotic resistant and carry acquired genes that are on 
  mobile elements

Various studies have shown that resistant animal bacteria such as vancomycin resistant enterococci [VRE] can become established in man and/or the antibiotic resistance genes can become established in human isolates 

 Antibiotic residues on food may select for resistant bacteria directly in man

Commensal and environmental bacteria exposed to antibiotics will acquire resistance genes; become a 
reservoir for these genes and transfer them to pathogens/opportunists in their ecosystem
Commensal and environmental population become stably resistant: common
 in environments that continually use antibiotics

Commensal and environmental population may maintain antibiotic 

resistance population even when antibiotics are removed

 Bacterial populations exposed to antibiotics for extended time and then 


removed rarely return 
to baseline susceptibility: multiple reasons 
Now can isolate vancomycin resistant enterococci and methicillin S. aureus from local public marine parks (sand and water samples): New source of contamination in America

Fish Farming

~ 40% of world’s fish consumption is farmed

Marine fish systems–open systems where waste usually dumped directly 

into  water and can spread with tides 
Increased nutrients from food and waste leads to increased number of 

bacteria (> 104 /gm) under the fish pens

Land base systems- usually closed; similar increase of bacteria at bottom of 

pond, seepage into environment; wider distribution into environment
 
during floods, typhoons, hurricanes, earthquakes, or when ponds drained

Antibiotics and Aquaculture

Tetracyclines have been commonly used in aquaculture (salt and fresh 


water) over last 50 years
Salmon eat other fish-food is often fish which can be toxic so antibiotics
   

 mixed with the food occurs
especially in Asia 

 Large numbers of genetically identical animals–increase problems with
 disease- thus often treated to prevent 

  As a results Tcr aquaculture associated bacteria are common

Catfish Study
    1.  Study done with USDA 1990’s SE USA
    2.  Bacteria from US catfish food were resistant to tetracycline

    3.  Fish food labeled as antibiotic-free had varying levels of antibiotics 
    4.  Found tetracycline resistance (tet) genes which are common in bacteria 


causing human disease

    5.  Found novel tet genes not previously found in clinical isolates

    6.  Suggests that there is more diversity in resistance genes in aquaculture 


environment

7. Data suggested that some tet genes were preferentially associated with
 water bacteria 

1995  Mol & Cell Probes DePaola & Roberts 9:311

Aquaculture bacteria are a reservoir for human 
bacterial pathogens including:



Salmonella Typhimurium, Yersinia enterocolitica & Vibrio spp.

Aquaculture bacteria are a reservoir for antibiotic resistance genes and mobile 
elements for both human and variety of ecosystems 
Resistance genes once in one bacterium; allows movement through and 


between other bacterial populations and ecosystems
Need to think of the world as a single connected system where changes at
 one location may lead to changes in distant locations in totally unrelated 

bacteria
Aquaculture practices in the developing world does impact us locally- 

foreign raised food may contain antibiotic resistant bacteria, pathogenic
    bacteria and/or antibiotic residues  

Methicillin resistant S. aureus [MRSA]

1. Methicillin resistant S. aureus [MRSA] first identify 1940’s

2.  S. aureus found in 25-35% of general US population, MRSA in 0.4-1.4% found in the nose, skin and urogenital tract
3. Community Acquired MRSA [CA-MRSA] primarily 1 strain which has a toxin and can infect all ages 
4.  WA State

       a) Fall 2007: members of WA High-school football team skin infections- 

School closed, forfeited the last football game of year

      b) Winter 2008: healthy 20 year old WWSU student had influenzae then MRSA pneumonia - died

      c) Spring 2008: MRSA in UW IMA weight room 

      d) WA Firefighter have MRSA disease

5. S. aureus and MRSA does not cause disease unless the skin/mucus membranes are broken 
6. Carriage of MRSA for > 1 year increases risk of disease
MRSA in Environment

1. Found on elevator buttons 
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2. Found in shared washing machines
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3. Found on gym locker handles

4. Found on equipment within Medic trucks/ambulances/Fire trucks
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5. Found on surfaces in Fire Stations living quarters

6. Found on public ATM key pads
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7. Public computer keyboards 
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7. Found on hands of public drinking fountains
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8. Found in the marine water/sand at public parks
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What We As Individuals Can Do Reduce Your Risk of MRSA/Swine Infection
1.  Stress good hygiene at all times, home, work, community: wash your hands

or use alcohol based hand sanitizers 

2.  Appropriate food preparation

3.  Stay home when sick especially if running a temperature > 100 oF or vomiting 
4.  Take all you prescription when provided 
4.  Do not ask for antibiotics, especially if you have a vial infection
5.  Eliminate antibiotics as growth promoters in agriculture in North America – this is occurring in EU countries

6.  Check where the food is coming from that you buy:

Developing countries tend to use lots of antibiotics in agriculture 

Much of the imported shell fish and fish that is farm raised uses antibiotics for production

Domestic animal production may use antibiotics, but this varies by state
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[image: image15.jpg]. “Relax— MRSA will get you before the
Asian Flu”
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