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Problems of Multidrug-Resistant Bacteria 

Hospital 
Gram-negative 
• Acinetobacter sp. 

• Citrobacter sp. 

• Enterobacter sp. 

• Klebsiella sp. 

• Pseudomonas aeruginosa 
 

Gram-positive 
• Clostridium difficile 

• Enterococcus sp.: VRE 

• Coagulase-negative Staphylococcus 

• Staphylococcus aureus:  MRSA/VRSA 

Community 

Gram-negative 
• Escherichia coli 

• Neisseria gonorrhoeae 

• Salmonella typhi 

• Salmonella typhimurium 

 

Gram-positive 
• Enterococcus sp.: VRE 

• Mycobacterium tuberculosis 

• Staphylococcus aureus: MRSA 

• Streptococcus pneumoniae 

• Streptococcus pyogenes 



Spain transplants 

MDR gram- neg BSI 
19%* 

US transplants 

MDR 
infections 

38% 

Germany -CRKP 

Transplants/cancer 
80% 

India infant BSI 
ESBL+ gram-neg: 

33% 
NDM-1: 

100% 

Tanzania BSI 

Pediatric gram-neg 
43% 

Pakistan 

Infants with  
Acinetobacter 

47% 

  Source: ReAct facts,  May 2012 

MDR  Death Rates 

Egypt 

Pediatric cancer 
MDR BSI 

20% 





“Nightmare  
Bacteria” 

 2 million people/yr. acquire serious resistant 
bacterial infections 

23,000 people die as a direct result 
 

 

Source: CDC 
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One Health 

Pets 

Ecologic impact of antibiotics in agriculture: 
The flow of antibiotics and antibiotic-resistant bacteria 

Prophylaxis 

Therapeutic use 

Growth promotion 
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Environmental Impact of  
Growth Promotion Use of 

Oxytetracycline 









Emergence of Resistant Bacteria 

During Growth Promotion Use 

57% 
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Te, Sm, Su 

36.8% 
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Frequency of tetracycline resistant bacteria in  

human fecal samples 

Levy, et. al. NEJM 295: 583 (1976) 



Spread of resistant  
E. coli on a farm 





 



 



 



Bedding 
Humans 

Mouse 

Chickens Flies 



Human to Animal Transfer 
 

(Amboseli Park, Kenya) 





Rolland R,M et al. App Env Microb 49: 791 1985 



Rolland R,M et al. App Env Microb 49: 791 1985 

Antibiotic Resistance Frequency Among Enteric 

Bacteria of Wild Baboons 

> 20% Resistant      

Bacteria 

> 2 Antibiotic 

Resistances 



Antibiotics are ecologic drugs 

A drug-resistant flora emerges and spreads  



28 



Antibiotics Are Also Societal Drugs 

Individual Usage Affects Family, Community, Society 



Sequential antibiotic therapy  

for acne promotes the carriage of 

resistant staphylococci  

on the skin of contacts 

Yvonne W. Miller, E. Anne Eady, Richard W. Lacey, 
Jonathan J. Cove, Derrick N. Joanes and 

  William J. Cunliffe 



“POSTER CHILDREN” FOR  
ANTIBIOTIC RESISTANCE 



Gram-Positive 



•Most invasive organism that we face today; 
attacks healthy children and adults.  

 
•Community acquired and hospital acquired 

MRSA 

About 11,000 deaths from MRSA 
(U.S., CDC Report, 2013) 

 



Gram-Negative 



Klebsiella pneumoniae 

• Carbapenem-resistant: KpC, CRKP 

• NDM-1 carbapenemase 



Annual Cost of Antibiotic  
Resistance in U.S. Hospitals 

Roberts et al. CID 49:1175 (2009) 



Lessons Learned 

▬ Given enough antibiotic and time, resistance 
will appear. 

▬ Once selected, a drug resistance will not 
disappear, although it may drop in frequency. 

▬ Resistance develops in steps: from less 
susceptibility to resistance. 

▬ Resistant bacteria like to accumulate 
resistances. 



Combating Antimicrobial Resistance: 
Core Actions 

                      1. Prevent infections and the spread  

                           of resistance 

                   2. Track resistance patterns 
           
  3. Develop new antibiotics  
               and diagnostic tests 

 

                            4. Improve antibiotic use 



The Antibacterial Craze 
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antibacterial 
efflux pump 

antibiotics 
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chloroxylenol 

quaternary amines 
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President Obama’s National Action Plan for 
Combating Antibiotic-Resistant Bacteria 

Vision: The United States will work domestically 
and internationally to prevent, detect, and 
control illness and death related to infections 
caused by antibiotic-resistant bacteria by imple-
menting measures to mitigate the emergence 
and spread of antibiotic-resistance and ensuring 
the continued availability of therapeutics for the 
treatment of bacterial infections. 



National Action Plan for Combating  
Antibiotic-Resistant Bacteria 

The 5 goals include: 

 Slow the emergence of resistant bacteria; prevent spread 
of resistant infections 

 Strengthen national “One-Health” surveillance efforts 

 Advance development and use of rapid and innovative 
diagnostic tests 

 Accelerate basic & applied research for development of 
new therapeutics 

 Improve international collaboration and capacities for 
antibiotic resistance control 

 



Central &  
 S. America 
Costa Rica 
Cuba 
Dominican Republic 
El Salvador 
Guatemala 
Honduras 
Mexico 
Nicaragua 
Panama 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Ecuador 
Paraguay 
Peru 
Uruguay 
Venezuela 

Europe 
Azerbaijan 
Austria 
Belarus 
Bulgaria 
Croatia 
Georgia 
Greece 
Italy 
Kazakhstan 
Kyrgyzstan 
Moldova 
Poland 
Romania 
Russia 
Serbia  
Montenegro 
Spain 
Sweden 
Turkey 
Ukraine 
United Kingdom 

Asia 
Bangladesh 
China 
Fiji Islands 
Indonesia 
India 
Nepal 
Pakistan 
Philippines 
South Korea 
Taiwan 
Vietnam 
 

Australia 

Africa 
Ethiopia 
Gambia 
Ghana 
Kenya 
Mozambique 
Namibia 
Nigeria 
Senegal 
South Africa 
Tanzania 
Uganda 
Zambia 

Middle East 
Abu Dhabi 
Lebanon 



Antimicrobials in the new millennium: 
Making peace with microbes 


