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The threat of antibiotic resistance 

 Antibiotic resistance is a worldwide problem. 

 “Nightmare bacteria” that “pose a catastrophic threat” to people 

in every country in the world. 

 





 Antibiotic-resistant infections add considerable and avoidable costs 

to the already overburdened US healthcare system.  

 The total economic cost of antibiotic resistance to the US economy 

has been difficult to calculate. Estimates vary but have ranged as 
high as $20 billion in excess direct healthcare costs, with additional 

costs to society for lost productivity as high as $35 billion a year.  

 The use of antibiotics is the single most important factor leading to 

antibiotic resistance around the world. 



 Antibiotics are among the most commonly prescribed drugs used in 

human medicine. 

 Up to 50% of all antibiotics prescribed are not needed or are not 

optimally effective as prescribed. 

 Antibiotics are also commonly used in food animals to prevent, 

control, and treat disease, and to promote the growth of food-

producing animals. 

 The other major factor in the growth of antibiotic resistance is 

spread of the resistant strains of bacteria from person to person, or 

from non-human sources in the environment, including food. 



Why resistance is a concern 

 Resistant organisms lead to treatment failure 

 Increases mortality 

 Resistant bacteria may spread in the community 

 Added burden on health costs 

 Threatens to return to pre-antibiotic era 

 Selection pressure 



 There are 4 core actions that will help fight these deadly infections: 

 Preventing infections and preventing the spread of resistance 

 Tracking resistant bacteria 

 Improving the use of today’s antibiotic 

 Promoting the development of new antibiotics and developing new 

diagnostic tests for resistant bacteria 

 



Antimicrobial resistance definition 

 Antimicrobial resistance is the ability of microbes to resist the effects 

of drugs. 

 Germs are not killed, and their growth is not stopped. 

 Microorganisms that are not inhibited by usually achievable 
systemic concentration of an antimicrobial agent with normal 

dosage schedule. 

 



History 

 

 In his 1945 Nobel Prize lecture, Fleming himself warned of the danger 

of resistance. 

 “It is not difficult to make microbes resistant to penicillin in the laboratory 

by exposing them to concentrations not sufficient to kill them, and in the 

body same thing has occasionally happened; by exposing the microbes 

to non-lethal quantities of the drug make them resistant”. 



Antibiotic resistance mechanism 

 Intrinsic 

 Natural 

 Lack target: no cell wall 

 Innate efflux pumps: drug blocked 
from entering cell or increase 
export of drug 

 

 Acquired 

 Genetic  

 Mutations 

 Plasmids 

 Integrons 

 Transposons 

 Conjugation 

 Transduction 

 Transformation 

 





Assessment of domestic antibiotic 

resistance threats 

 Conducted by CDC 

 Categorize the threat level of each bacteria as urgent, serious, or 
concerning 

 Threats were assessed according to: 

 Clinical impact 

 Economic impact 

 Incidence 

 10-year projection of incidence 

 Transmissibility 

 Availability of effective antibiotics 

 Barriers to prevention 





People at especially high risk 

 The loss of effective antibiotic treatments will not only cripple the 

ability to fight routine infectious diseases but will also undermine 

treatment of infectious complications in patients with other diseases. 

 Many of the advances in medical treatment are dependent on the 

ability to fight infections with antibiotics. 

 Joint replacements 

 Organ transplants 

 Cancer therapy 

 Treatment of chronic diseases 

 If that ability is lost, the ability to safely offer people many life-saving 

and life-improving modern medical advantages will be lost with it.  



People at high risk 



Antibiotic Safety 



 Antibiotics can be harmful 

 Antibiotics can have side effects 

 Allergic reactions 

 > 140,000 ER visits/year 

 Diarrhea 

 C.difficile diarrhea linked to at least 14,000 American deaths/year 

 Drug-drug interactions 

 When someone takes an antibiotic that they don’t need, they do 
not get any benefit from it and are exposed to the side effects. 

 When not needed can lead to the development of antibiotic 
resistance. 





Fighting against  antibiotic 

resistance 

 



Preventing infections, preventing 

the spread of resistance 

 

 Preventing infections from developing reduces the amount of 

antibiotics used. 

 Preventing infections also prevents the spread of resistant bacteria. 

 Antibiotic-resistance infections can be prevented in many ways. 

 CDC works to prevent antibiotic-resistant infections in healthcare 

settings, in the community, and in the food. 



 Provides a system to track resistance and prescribing patterns 

 Provides guidance to healthcare facilities interested in better antibiotic 

use 

 Provides infection control guidelines 

 



Prevention of antibiotic resistance 

in food 

 Antibiotics are widely used in food-producing animals. 

 there are more kilograms of antibiotics sold in the USA for food-

producing animals than for people. 

 Contributes to the emergence of antibiotic-resistant bacteria in 
food-producing animals. 

 Concern because these animals serve as carriers and people who 

consume these foods can develop antibiotic-resistant infections. 

 Antibiotics should be used in food-producing animals ONLY under 
veterinary oversight and ONLY to manage and treat infectious 

diseases, NOT to promote growth. 



Antibiotic Stewardship 

 Anytime antibiotics are used, this puts biological pressure on bacteria 
promoting resistance development. 

 Research has shown that as much as 50% of the time, antibiotics are 
prescribed when they are not needed or they are misused. 

 Antibiotics are a limited resource. 

 Stewardship is a commitment to always use antibiotics ONLY when they 
are necessary to treat, and in some cases prevent, disease; to choose 
the right antibiotics; and to administer them in the right way. 

 Effective stewardship ensures that every patient gets the maximum 
benefit from the antibiotics, avoids unnecessary harm from allergic 
reactions and side effects, and help preserve the life-saving potential of 
these drugs in the future. 

 Improve outcomes and save healthcare facilities money in pharmacy 
costs. 





Developing new antibiotics and 

diagnostic tests 

 

 Because antibiotic resistance occurs as part of a natural evolution 

process, it can be significantly slowed but not stopped. 

 New antibiotics will always be needed to keep up with resistant 
bacteria as well as new diagnostic tests to track the development 

of resistance. 



Tomorrow’s antibiotic: the drug 

pipeline 



Antibiotic resistance threat in USA 

by microorganism 





Clostridium difficile causes life-

threatening diarrhea.  

Mostly occurs in people who have 
recent medical care and antibiotics. 

In 2000, a stronger strain of the bacteria 

emerged. 

Deaths related to C.difficile increased 
400% between 2000-2007, in part 

because of a stronger strain. 

 



 CRE has become resistant to all or 
nearly all the antibiotics we have 

today. 

 Almost half of the hospitalized 

patients who get bloodstream 

infection from CRE die from the 

infection. 





 About 63%is considered MDR, 

meaning at least three different 

classes of antibiotics no longer cure 

Acinetobacter infections. 

 Approximately 2% of healthcare-

associated infections reported to 

CDC are caused by Acinetobacter, 
proportion higher among critically ill 

patients on mechanical 

ventilators(about 7%) 



 Candida is the fourth most common cause 
of healthcare-associated bloodstream 
infections in the US. 

 In some hospitals is the most common 
cause. 

 Recent data demonstrate a marked shift 
among infections towards Candida species 
with increased resistance to azoles and 
echinocandins. 

 Roughly 30% of patients with candidemia 
with drug-resistant Candida die during their 
hospitalization. 

 CDC estimates that each case of Candida 
infection results in 3-13 days of additional 
hospitalization, and a total of $6,000-$29,000 
in direct health care costs. 



 ESBL is an enzyme that allows bacteria 
to become resistant to a wide variety 
of penicillins and cephalosporins. 

 When Enterobactericiae are resistant to 
nearly all penicillins and cephalosporins 
the remaining treatment option is a 
carbapenem.  

 Carbapenem are drugs of last 
resource, and its use is also contributing 
to resistance. 

 Patients with bloodstream infections 
caused by ESBL-producing 
Enterobactericiae are about 57% more 
likely to die than those infected with a 
non ESBL-producing strain. 



 Enterococci causes a range of 

illnesses, mostly among patients 

receiving healthcare, but include 

bacteremia, surgical site infections, 

and urinary tract infections. 

 Some strains are resistant to 

Vancomycin, an antibiotic of last 

resource, leaving few treatment 

options. 

 About 20,000 (30%) of Enterococci 
healthcare associated infections are 
vancomycin resistant.  



 Common cause of healthcare-

associated infections including 

pneumonia, bloodstream infections, 

urinary tract infections, and surgical 

site infections. 

 Some strains have been found to be 

resistant to nearly all or all antibiotics 

including aminoglycosides, 

cephalosporins, fluoroquinolones, 
and carbapenems. 

 



 MRSA causes a range of illnesses, 
from skin and wound infections to 

pneumonia and bloodstream 

infections that can cause sepsis and 

death.  

 Is one of the most common causes of 
healthcare-associated infections.  



 Leading cause of bacterial pneumonia 
and meningitis in US. 

 Also a major cause of bloodstream 
infections and ear and sinus infections. 

 Pneumococcal disease whether or not 
resistant to antibiotics, causes 4 million 
disease episodes and 22,000 deaths 
annually. 

 Pneumococcal ear infection are the 
most common type of pneumococcal 
disease among children, causing 1.5 
million infections that often results in 
antibiotic use. 

 In adults, over 600,000, seek care for or 
are hospitalized with pneumococcal 
pneumonia. 



 In 30% of severe S.pneumoniae cases, 

the bacteria are fully resistant to one 

or more clinically relevant antibiotics. 

 Pneumococcal conjugate vaccine is 
an effective tool to prevent 

infections.  

 Vaccine reduces antibiotic resistance 

by blocking the transmission of 
resistant  S.pneumoniae strain.  



 TB is among the most common infectious diseases and a frequent 

cause of death worldwide. 

 In most cases, TB is treatable and curable with the available first-line 

TB drugs, however, in some cases, M.tuberculosis can be resistant to 
one or more of the available drugs to treat it. 

 Drug-resistant TB is more challenging to treat, can be complex, 

require more time and more expensive drugs that often can have 

more side effects. 

 XDR TB is resistant to most TB drugs; therefore , patients are left with 

treatment options that are much less effective. 

 



 Major factors driving TB drug 

resistance are: 

 Incomplete or wrong treatment 

 Short drug supply 

 Lack of new drugs 

 

 Prevent drug-resistant TB by quickly 

suspecting and diagnosing case, 

following treatment guidelines, 

monitoring patient’s response to 

treatment, ensuring therapy is 

completed. 

 Also implementing infection 

control procedures in hospitals, 

prisons, or homeless shelters 



 



 A total of 13 cases of VRSA have 

been identified in US since 2002. 

 Continues to be a rare occurrence 

 Predisposing factors: 

 Prior MRSA and enterococcal 

infections or colonization 

 Underlying conditions (chronic skin 

ulcers and DM) 

 Previous treatment with Vancomycin 



Strategy to contain resistance 

 Develop new antibiotics 

 Bypass the drug resistance 

 

 

 Judicious use of existing antibiotics 

 Containment of drug resistance 



 Only a few antibiotics had a new 

mechanism of action with the 

potential to combat multidrug 

resistance. 

 

 Lack of incentive for companies to 

develop antibiotics 



Hope is not exhausted…….YET  

 Phage therapy 

 Agents that target type II topoisomerases 

 Antimicrobial peptides, lipopeptides: targets bacterial membranes 

making it nearly impossible to develop resistance. Bacteria would 

have to totally change their membrane composition 



Alternative approaches 

 Phage therapy 

 Therapeutic use of lytic bacteriophages to treat pathogenic bacteria 

infections 

 Bacteriophages are viruses that invade bacterial cell wall and disrupt 

bacterial metabolism and cause the bacterium to lyse. 

 Bacteriophage therapy is an important alternative therapy to antibiotics 

 The success rate was 80-95% with few gastrointestinal and allergic side 

effects. British studies also demonstrated significant efficacy of phages 

against E.coli, Acinetobacter spp., Pseudomonas spp. and Staph. 

aureus. 



Judicious use of antibiotics 

 Can only contain antibiotic resistance 

 Cannot eliminate the possibility of antibiotic development as 

resistance is an evolutionary process. 



Containment of resistance 

 Containment of antibiotic 

resistance is a multi -facetic 

program 

 

 

 Involves  

 Physicians 

 Patients 

 Pharmaceuticals  



Strategy of containment 

Antibiotic 
resistance 

Faulty use of 
antibiotics 

Hospital  

Empirical use Definitive use 

Environmental 

(community 
acquired antibiotic 

resistance) 

Evolutionary 
process 

 



Factors of antibiotic resistance 



Environmental factors 

 Huge populations and overcrowding 

 Rapid spread by better transport facility 

 Poor sanitation 

 Increases community acquired resistances 

 Ineffective infection control programs 

 Widespread use of antibiotics in animal husbandry and agriculture 



Drug related 

 Over the counter availability of antimicrobials 

 Counterfeit and substandard drug causing suboptimal blood 

concentration 

 Soaring use of antibiotics 



Patient related 

 

 Poor adherence of dosage regimens 

 Poverty 

 Lack of education 

 Self medication 

 Misconception 



Prescriber related 

 Inappropriate use of available drugs 

 Increase empiric poly-antimicrobial use 

 Overuse of antimicrobials 

 Lack of adequate knowledge and training 



Treatment options for selected 

highly resistant bacteria 

Organism Resistance Antibiotic used 

E.faecalis Penicillin Vancomycin 

E.faecalis Vancomycin Linezolid, Daptomycin 

MRSA Methicillin Vancomycin, Linezolid, 

Daptomycin, 

Ceftaroline, Telavancin, 

TMX/SMX 

S.epidermidis Methicillin Vancomycin, Linezolid, 

Daptomycin, Telavancin 

S.pneumoniae Penicillin Ceftriaxone, 

Cefotaxime,Levofloxacin

Vancomycin, Linezolid 



Organism Resistance Antibiotic Used 

E.Coli Cephalosporins, 

Fluoroquinolones 

Fosfomycin, 

Nitrofurantoin, 

Ertapenem 

K.Pneumoniae Cephalosporins, 

ceftazidime 

Imipenem/Cilastatin, 

Meropenem, Colistin 

P.aeruginosa Carbapenems Aminoglycosides, 

Colistin, Ceftazidime-

Avibactam 



Take home message 

 Target definitive therapy to known pathogen 

 Treat infection, NOT Contamination 

 Treat infection, NOT Colonization 

 Know when to say NO to Vancomycin, Carbapenems and 

Cephalosporins 4th generation 

 Isolate pathogen 

 Break the chain of contagion: keep your hands clean 

 Start simple bedside tests: gram stain, microscopy 




