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Chemotherapy definition 
(Paul Ehrlich, 1910) 

The term chemoterapy refers to a wide range of chemical substances 
both natural and synthetic  

with a selective toxicity towards 
prokaryotic and eukaryotic cells responsible for: 

 

Infections 
Tumors 
Immune system disorders 

 
B a s e d o n  t h e  t a r g e t s  w e d i s t i n g u i s h c h e m o t h e r a p y : 

 
§  ANTIMICROBIAL 
§  ANTIBLASTIC 
§  IMMUNOMODULANT 
  



The antibiotic era starts with 
the Penicillin discovery 

   La storia degli antibiotici comincia nel 1929, quando Fleming, 
studiando varianti dello stafilococco, osservò che una muffa che 
contaminava una delle sue culture  aveva inibito intorno a sé la 
crescita dello stafilococco. 

Alexander Flemming 

The first discovered antimicrobial compound was penicillin (Flemming, 1929)  
a β-‐lactam antibiotic. After this very important discovery, antibiotics were used to 

treat human infections and for prophylactic purpose and  
are also widely used in agricultural practices. 



The introduction of penicillin led to a dramatic decline  
of the mortality rate due to infectious diseases  



Tasso di mortalità relativo alle prime 10 cause di morte in USA Before and after: causes of death 
in industrialized countries 

in the years two thousand 



Antibiotics Classification: Site of action  



Chemicals substances acting on bacteria 
    

   

  Inhibit the bacerial growth             Kill the bacteria 

 
 

        Bacteriostatic                          Bactericidal 

Antibiotics Classification  
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ü  Low distribution volume 
ü  No cross cellular membranes 
ü No action on intracellular pathogens 
ü   Renal elimination 

Hydrophilic antibiotics Lipophilic antibiotics 

ü Macrolids 

ü  Fluoroquinolones 

ü  Tetracyclins 

ü Chloroamphenicol 

ü  Rifampin 

ü  High distribution volume 
ü   Cross cellular membranes 

ü   Action on intracellular pathogens 

ü   Hepatic metabolism 

ü Beta-lactams 
ü Penicillins 
ü Cephalosporins 

ü Glycopeptidides 
ü Aminoglycosides 

Antibiotics Classification: Chemical-physical characteristics 



Antibiotics Classification: activity 

Time-dependent  Concentration-dependent 
  

•  Beta-lactams 
•  Glycopeptides 
•  Tetracyclines 

•  Aminoglycosides 
•  Fluoroquinolones 
•  Clarithromycin 
•  Azitromycin 



The successful use of any therapeutic agent is 
compromised by the potential development of 
resistance to that compound from the time  

it is first employed. 
 

Microbiol Mol Biol Rev. 2010; 74: 417–433. 

Origin and Evolution of  
Antibiotic Resistance 



The big problem of 
 antibiotic resistance 



Antibiotic Resistance: A Primer And Call To Action 
 
During the golden age of discovery, 150 types of antibiotics were developed. Since then, the 
spread of resistance has greatly outpaced the rate of drug development. The Infectious 
Disease Society of America estimates that 70% of hospital-acquired infections in the United 
States are now resistant to one or more antibiotics. 

Health Commun. 2015; 30: 309–314 



Antibiotic resistance poses a serious and growing global problem 
 
“This serious threat is no longer a prediction for the future, it is happening right now in every region of the world and 
has the potential to affect anyone, of any age, in any country.  
Antibiotic resistance—when bacteria change so antibiotics no longer work in people who need them to treat infections
—is now a major threat to public health“    
           

Some pathogens have even become 
resistant to multiple type of 
classes of antibiotics 



BAD BUGS: NO ESKAPE 

•  Enterococcus 

•  S. aureus 

•  Klebsiella spp. 

•  Acinetobacter 

•  P. aeruginosa 

•  Enterobacter spp. 

 
Boucher H,  et al, Clin Infect Dis 2009;48:1-12 



Antibiotic resistant infections  

Diseases Agents Resistances 
Pneumonia S pneumoniae Penicillin 

Dysentery S dysenteriae Multiple resistances 

Typhoid S typhi Multiple resistances 

Gonorrhea N gonorrhoeae Penicillin and tetracycline 

Tuberculosis M tuberculosis Rifampicine and INH  

Nosocomial infections S aureus Methicillin, vancomycin 

E species Vancomycin 

Klebsiella, Pseudomonas  Multiple resistances 



The increasing problem of antibiotic resistance has not been sufficiently contrasted 

Few molecules against  
antimicrobial resistance 



Transmission of antibiotic resistance 
 
In vertical transmission,  
a bacterium accumulates 
errors or mutations in its 
genome during replication; 
some of those changes give 
the ability to resist 
antibiotics and are passed on 
to subsequent generations.  
 
 
In horizontal transmission, 
resistant genes are swapped 
from one microbe to 
another.  
Via transmission vectors 
(plasmid, phagi etc) Front	  Microbiol.	  2011;	  2:	  203.	  



Mechanisms of antibiotic resistance 

Degradation of 
antibiotics 
 
Overproduction of  
the target enzyme  





Beta-lactam antibiotics represent a large class of antibiotics 

They can be grouped in first, second, third, and forth generation cephalosporins  
according to their spectrum of activity and timing of the agent’s introduction.  

Mainly Gram+ Increased Gram- Increased Gram – 
Variable Gram+ 

Both Gram+ 
and Gram - 

Easy diffusion 
Broad spectrum 





Mechanisms of Antibiotic Resistance: Class Effect 
  Several mechanisms of antimicrobial resistance to β- lactam antibiotics 

 
The most common mechanism through  
which bacteria can be come 
 resistant is by expressing β-lactamases, 
which are grouped in a very large family 
 
 
 
 

…………………………………………………………………..	  



Complexity of the interaction between the 
patient, pathogen and antibiotic 

Eur J Clin Microbiol Infect Dis. 2004 ;23(4):271-88. 



Organism: the bacteria phenotypes during antibiotic treatment 

Time-kill curves of: 
  
ü  Susceptibility  
ü  Tolerance   
ü  Persistence 

Front Pharmacol. 2017;8:364.  

Tolerance is the capacity of a bacteria to stay alive  
in a fleeting exposure to antibiotics,  
which applies only to bactericidal antibiotics  

Susceptibility and resistance 
 is measured by  
the minimum inhibitory  
concentration (MIC) 

Persistence occurs in a bacterial subpopulation (classically <1%) that are not killed by antibiotics, 
 and heterogeneous response is repeated when they are expose to the same antibiotic 



Cell Host Microbe. 2013;13(6):632-42. 

Microbial persistence is on the road to drug resistance 



Cell Host Microbe. 2013;13(6):632-42. 

Persistence contributes to the pathogenesis of several notable human infections  



Cell Host Microbe. 2013;13(6):632-42. 

Environmental signals can modulate the level of persistence  



Patient: link between  
Pharmacodynamics and Pharmacokinetics 



The patient: changes in pharmacokinetics parameters 



The patient: changes in pharmacokinetics parameters 



Antibiotic safety 

Antibiotics are generally safe, 
but there are times when antibiotics can actually be harmful 

U.S. Department of Health and human Services 



Ventola C. The Antibiotic Resistance Crisis 
Part 1: Causes and Threats P T. 2015 ; 40(4): 277–283 

Many factors cause the antibiotic resistance  



Antimicrobial stewardship 
Antimicrobial stewardship involves the optimal drug selection, 
dose and duration of an antibiotic resulting in the cure or 
prevention of infection with minimal unintended 
consequences to the patient including emergence of 
resistance, adverse drug events, and cost.  



TAKE HOME A MESSAGE 

“Appropriate use of antimicrobial agents involves obtaining an accurate 
diagnosis, determining the need for and timing of antimicrobial therapy, 
understanding how dosing affects the antimicrobial activities of different 
agents, tailoring treatment to host characteristics, using the narrowest 
spectrum and shortest duration of therapy, and switching to oral agents as 
soon as possible”. 
 

                                                                                                                                                                                                                                                                                                                       

 



To improve the use of today’s antibiotics, we must 
consider the factors influencing the 

 DRUG SELECTION AND A CORRECT DRUG USE 

Pharmacodynamics 

Pharmacokinetics 

Patient’s 
characteristic Therapeutic regimen 

Known 
Drug  

resistance 



Thank you for 
your attention 


