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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

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-return to “the pre-antibiotic age”

a) Staphylococcus aureus - vancomycin

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
                            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 

                          Resistance

   Resistant 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


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



export of the drug so does not achieve adequate internal 



concentration

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 $6,000-$30,000 more than treatment of MSSA

    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
 Antibiotic Consumption-Industrialized

  
1. Human use about 50% varies by country


    a) Primarily for therapy


   
Most prescription are for the young (< 5 years) and the old


   
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)

MUCH OF THE WORLD CAN GET ANTIBITOICS WITHOUT A 


PERSCRIPTION 
2. Animal use about 50% varies by country


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



Best way to select for antibiotic resistant bacteria


    b) Prevention of disease


      c)  Therapy

3. Other agricultural uses


      a) Trees, bees, fish farms, variety of plants

NO PRESCRIPTION NEED FOR ANIMAL USE IN USA

MRSA has moved from the hospital to the community

Nov. 2007 a Virginia High School student died; Schools closed in WA
        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 


death in US for 2005
       Same antibiotics used for food production and humans
       Resistance genes and strains shared between man, agriculture and environment
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Potential Spread from Food 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 VRE can

 become established in man and/or the complete mobile elements 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 resistant 



population even when antibiotics are removed

   Bacterial populations exposed to antibiotics for extended time and then 


removed rarely return 
to baseline susceptibility: multiple reasons 
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

Action of Antibiotics

Antibiotic


Bacteria target


Bacteria




other 

-lactams


cell wall synthesis


Gram-positive


Most widely used group of drugs






           
Gram-negative (newer agents)

5,000 different 






compounds

Tetracyclines

protein synthesis


Gram-positive


2nd  most used group






30S ribosome 


Gram-negative

Macrolides


protein synthesis


Gram-positive


Respiratory disease






30S ribosome 


Quinolones


DNA gyrase



Gram-negative


Urinary tract






Topoisomerase IV


No Gram-positive mutate too fast

Vancomycin 

cell wall synthesis


Gram-positive


Systemic Disease

[image: image2]
         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

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


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



create “super bug”

Movable elements

1. Conjugative plasmids in enteric bacteria – 1959

2.  Conjugative plasmids in Neisseria, Haemophilus -1970’s

3. Conjugative transposons-Gram-positive bacteria, Bacteroides (Gram-negative 



anaerobes)-1980’s 

4. Identify Gram-positive conjugative transposons in Gram-negative bacteria-


1990’s

5.  Integrons in Gram-negative bacteria and Gram-positive staphylococci-1990’s 

Bacteria Genetics

1.  Most bacteria have single circular chromosomes 

2. Some bacteria are naturally transformable: able to take up naked DNA
 from environment, incorporate the DNA, and express trait.  
Usually DNA needs to be the same or closely related species
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3. Transduction: bacteriophage propagated on 1st isolate (donor), packages
 host DNA and after infecting 2nd isolate (recipient) delivers donor DNA 

which is incorporated and expressed. Limited to the 

same or closely related isolate and/or species
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4. Conjugation: cell-cell mediated gene transfer that requires the donor to
 have a conjugative plasmid or conjugative transposon. 
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Few limitations.  Thought to be the way the majority of clinically

 relevant antibiotic resistance traits are circulated to bacterial 
 population.

Plasmids
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1. Small, usually circular, DNA 0.2-10% size of bacterial chromosome

2. Code for nonessential genes, provides bacteria flexibility

3. Can be transferred from cell to cell, strain to strain and between species by 
conjugation, occasionally by transformation

4. Can carry multiple antibiotic resistance genes, virulence factors (toxins,
 adhesion factors), and ability to metabolize different carbon sources, 
  resistance to heavy metals

5. Predate antibiotic use
Transposon
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1. Defined genetic entities

2. Found in bacteria and eukaryotes including man

3. Have their own genes which allow them to move from one place on a DNA molecule to a new place within the same cell (transposition)

4. Located on plasmids and in chromosome of bacteria

5. Transposons in bacteria can carry antibiotic resistance genes.  Do not appear to be associated with resistance in eukaryotes

Conjugative Transposons
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1.  Defined genetic entities

1. Found in bacteria

2. Have their own genes which allow them to move from one place on a DNA molecule to a new place within the same cell (transposition) 

4.  Carry their own genes to allow movement from one cell to another by conjugation

5.  Located on chromosomes or occasionally associated with plasmids

6.  Much larger host range than plasmids- cross most bacterial barriers

Integron
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1. DNA element that accumulate and disseminates bacterial genes including 

antibiotic resistance, pathogenesis, and survival against noxious environmental
    agents like disinfectants

2. Two promoters; 1 expresses the integrase gene, responsible for insertion of 
 resistance genes cassettes at specific sites and the 2nd the antibiotic resistance 
 genes

3. Flanked by 59-base element that allows for recombination, which allows the
  element to collect new antibiotic resistance genes
4.  Located on chromosomes or plasmids
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Methods of Antibiotic Susceptibility Testing 

1. Typical bacteria use either disk diffusion or agar dilution, 

2. Standardized methods and controls are available- 
these differ in US and EU

3.  Breakpoints (susceptible vs resistant) established for many typical
 bacteria

4. Tests began 1970’s

5. Similar methods used for fungi, yeast resistance testing, 
still working on parasites & cancer 

6. Viral and Mycobacterium spp. use genetic methods 
7. Yeast methods are being developed
                  Disk diffusion- multiple antibiotics per one bacteria 
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       Agar dilution– multiple plates with different antibiotic concentration 



on each plate 
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E-test: cross between disk and agar dilution- multiple antibiotics per one

 bacteria 
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           WHERE DID RESISTANCE GENES COME FROM?

1. Plasmids found in E. coli from 1900 but no resistance genes 



Many species carry indigenous plasmids



Resistance genes develop in response to antibiotic use (50 years)

2. Antibiotic producers have gene that protect them form their own products



Often these have counterparts resistance genes in bacteria



-lactamases, tetracycline pumps, rRNA methylases



GENES COMMON FROM PRODUCERS AND RELATIVES 

Mycobacterium

3. Other genes are related to housekeeping/innate bacterial genes



a) innate -lactamases in enterics, 

b) dihydrofolate reductase from Gram-positive transfer to a plasmid or


 
acquire IS sequences 

 
c) gene operon from commensal/environmental bacteria innately

 
resistant- vancomycin

4. Unknown source

What We As Individuals Can Do

1.  Stress good hygiene at all times, home, work, community

2.  Hand washing, appropriate food preparation, stay home when sick

3.  Comply with prescription when provided

4.  Do not ask for antibiotics, purchase over the internet or in other countries

5.  Eliminate antibiotics as growth promoters – is occurring in EU countries

6.  Check where food is coming from- do not buy if antibiotics are being used



Much of the imported shell fish and fish use lots of antibiotics



Domestic animal production uses antibiotics-varies by state but needs to 




Be changed to EU system
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Resistance mechanisms





• Change in or lack of target site





• impermeability





• chemical modification


      of the antibiotic





• pump antibiotic out of cell
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