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The First Antibiotic 

The first antibiotic was discovered by Alexander 
Fleming in 1928 when he noticed that the fungus 

penicillium killed disease causing bacteria. 

Penicillium 



Penicillin - the first antibiotic 
• Penicillin was the first antibiotic to be 

discovered. 

• It was discovered in 1928 by Alexander 

Fleming, a Scottish scientist  working in 

St Mary's Hospital London. 

• Fleming discovered that mold from a 

Penicillium fungus had antibacterial 

properties.  

• The antibiotic was named penicillin 

after the fungus. 
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The magic bullet 
 Antibiotics revolutionised medicine 

 The first antibiotic, penicillin, was discovered by 
Alexander Fleming in 1929 

 It was later isolated by Florey and Chain. 

http://www.makefive.com/categories/debate/social-change/most-important-nobel-prize-laureates/fleming-chain-florey---medicine---1945


Penicillin - the first antibiotic 
• Fleming could not extract enough penicillin from the mold,                                   

to use for the treatment of patients 

• In 1938, Howard Florey (an Australian microbiologist),                      

Ernst Chain  (a German chemist) and others at Oxford University 

pioneered the production of penicillin for human treatment.                  

• But they had to depend on pharmaceutical companies in the United 

States to produce penicillin on a large scale. 

• Penicillin was first released for widespread use in the early 1940’s  
and it saved many lives during World War II. 

  6 Howard Florey Ernst Chain 
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Penicillin - the first antibiotic 

• The discovery of antibiotics was a major milestone              
in medicine that has saved and continues to save      
millions of lives every year,                                                                                          
but their effectiveness is threatened by the ability of 
bacteria to adapt and resist treatment. 

 

• Infections in humans and animals caused by resistant bacteria           
are harder to treat than those caused by non-resistant                         
(or "susceptible") bacteria. 



 “… the greatest possibility of evil in self-

medication is the use of too small doses       

so that instead of clearing up infection,           

the microbes are educated to resist penicillin 

and a host of penicillin-fast organisms is 

bred out which can be passed to other 

individuals and from them to others until 

they reach someone who gets a septicemia 

or a pneumonia which penicillin cannot 

save.” 

- Sir Alexander Fleming, 1945 



History 

In his 1945  nobel prize lecture, Fleming warned of the dangers of antimicrobial 

resistance: 

“The time may come when penicillin can be bought by anyone   

   in the shops.  

Then there is the danger that the ignorant man may easily 

under dose himself and by exposing his microbes to non-lethal 

quantities of the drug make them resistant.” 



Antibiotics 

 Penecillin was not extensively used,          
until the 2nd World War when it was used    
to treat war wounds 

 After 2nd World War many more antibiotics    

    were developed 

  Today about 150 types are used. 

© 2016 Paul Billiet ODWS 
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Resistance 

 <20 years for bacteria to 
show signs of resistance 

 Staphylococcus aureus 
(blood poisoning and 
pneumonia) started to 
show resistance in the 
1950s 

 Today there are different 
strains of S. aureus 
resistant to every form of 
antibiotic in use. 

http://www.bacteriainphotos.com/Staphylococcus%20
aureus%20electron%20microscopy.html 
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• Antibiotics are drugs used to fight infections caused by 
bacteria – but some bacteria become resistant and no longer 
respond to these drugs.  

• This phenomenon is known as antibiotic resistance.  

• In Europe, the European Center for Disease Prevention and 
Control estimates that 25,000 people die each year as a 
direct result of antibiotic resistance. 

•  In France, despite a national plan to preserve the efficacy     

  of antibiotics,                                                                                                      

    levels of antibiotic consumption remain particularly high. 

Epidemiology of Antibiotic Resistance 



• 25,000 DEATHS A YEAR RESULTING FROM ANTIBIOTIC  

    RESISTANCE IN EUROPE. 

 

• RESISTANCE GENES CAN BE EXCHANGED 

  AT VERY HIGH FREQUENCY,  

  UP TO ONE IN 100 BACTERIA. 

 

Epidemiology of Antibiotic Resistance 



Epidemiology of Antibiotic Resistance 

• Every year, around 700,000 people die across            
the globe as a result of resistance to the various 
antimicrobial drugs currently available to treat bacterial 
infections such as 

   tuberculosis,  

   HIV, 

   malaria and  

   fungal infections 



• Some bacteria are resistant to several antibiotics;  

       these are known as multidrug resistant (MDR) bacteria. 

• In extreme cases – which fortunately are still very rare –  

    bacteria can be resistant to all available antibiotics used       

    in humans. 

 

• These pan-resistant bacteria can lead to therapeutic failure. 

 

 

Epidemiology of Antibiotic Resistance 



• MDR bacteria that are a particular cause for concern are 

   multidrug resistant Enterobacteriaceae  

  (such as Escherichia coli and Klebsiella pneumoniae, bacteria in the  

      digestive tract that cause a wide range of infections); 

  methicillin-resistant Staphylococcus aureus; 

  multidrug resistant tuberculosis bacilli; and  

  Pseudomonas aeruginosa and 

  Acinetobacter baumannii,  

bacteria that infect the lungs of cystic fibrosis patients and cause 
nosocomial infections (infections acquired in healthcare facilities or 
hospitals). 

 

Epidemiology of Antibiotic Resistance 



Antibiotic use and abuse 

 Viral infections not stopped by antibiotics 

 

 

 Doctors still prescribe (or are coerced into  

   prescribing) antibiotics to treat them. 

© 2016 Paul Billiet ODWS 
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What We Know 
Increased antibiotic use,                       

           increased resistance 

Longer treatment,                                

           increased colonization 

Resistance more prevalent                              

           in healthcare facilities than community 

Areas of higher antibiotic use                     

        have highest resistance 

Antibiotic use correlates with infection with  

           resistant strains during outbreaks  





Why is antimicrobial 

resistance like global 

climate change? 





History of the Development of 

Antimicrobial Agents 

• The first antimicrobial agent in the world was         

salvarsan (Arsphenamine) a remedy for syphilis             

that was synthesized by Ehrlich in 1910.  

• In 1935, sulfonamides were developed by Domagk     

and other researchers. 

• These drugs were synthetic compounds and had 

limitations in terms of safety and efficacy. 







Timeline of antibiotic discovery and development 

The period from 1950 to 1960 is often called the golden age of antibiotic 

discovery.  

 Since then, antibiotic discovery, development and release for widespread use 

has been in decline. 

  26 Image credit: Clatworthy et al. 2007 Nat Chem Biol 3, 541-8 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=Gg1Crde_FP2a4M&tbnid=5_pPLYObnNa2mM:&ved=0CAUQjRw&url=http://evolutionmedicine.com/2011/08/&ei=iLrDU9HEAYG7PaPfgYAO&bvm=bv.70810081,d.ZGU&psig=AFQjCNFXVdq5Trbpi8T_lHLvZrSsJt_JHg&ust=1405422575807648


  27 Timeline taken from the World Economic Forum, Global Risk Report 2013 

 

No new classes of antibiotics have been developed since 1987.  

 

Since this time, a few new antibiotics have been introduced, but these are 

modifications and adaptations to existing antibiotics. 

 

Discovery of new antibiotics 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=oXhko-mWgq2v4M&tbnid=yhp1np4h_W7dyM:&ved=0CAUQjRw&url=http://www.businessinsider.com/massive-risk-of-antibiotic-resistant-bacteria-in-three-charts-2013-1&ei=PpzDU9r1PMeAPdqxgfgC&bvm=bv.70810081,d.ZGU&psig=AFQjCNGhyhV6J3e9A2xZIgLJQQbwAk7Bww&ust=1405413781394711


  28 Timeline taken from the CDC report: ‘Antimicrobial Resistance Threats in the United States’, 2013 

• Antibiotic resistance was first 

identified in the 1940’s. 

 

• Resistance can develop within a 

short space of time.  

 

• The first Meticillin-Resistant 

Staphylococcus Aureus 

bacterium was identified only 

2 years after meticillin was 

introduced.  

 

• In the case of penicillin, 

resistance was identified even 

before the antibiotic was 

released for widespread use, 

although this was not a problem 

until antibiotics began to be 

used intensively. 



Resistance rates in Europe 

 
Antimicrobial resistance rates vary across Europe. 

This figure shows the percentage of invasive Staphylococcus aureus isolates resistance 

to meticillin (MRSA), by country in 2012 

 

  29 Figure taken from ECDC Surveillance Report: ‘Antimicrobial Resistance Surveillance in Europe’, 2012. 



• In 1928, Fleming discovered penicillin. 

•  He found that the growth of Staphylococcus aureus was inhibited 

in a zone surrounding a contaminated blue mold (a fungus from 

the Penicillium genus) in culture dishes, leading to the finding that 

a microorganism would produce substances that could inhibit the 

growth of other microorganisms. 

• The antibiotic was named penicillin, and it came into clinical use in 

the 1940s.  

• Penicillin, which is an outstanding agent in terms of safety and 

efficacy,  led in the era of antimicrobial chemotherapy by saving 

the lives of many wounded solders  during World War II.  

History of the Development of 

Antimicrobial Agents 



• During the subsequent two decades, new classes of antimicrobial 

agents were developed one after another,                                                                      

leading to a golden age of antimicrobial chemotherapy.  

• In 1944, streptomycin, an aminoglycoside antibiotic, was 

obtained from the soil bacterium Streptomyces griseus.  

• Thereafter, chloramphenicol, tetracycline, macrolide, and 

glycopeptide (e.g., vancomycin) were discovered from soil 

bacteria.  

• The synthesized antimicrobial agent nalidixic acid,                        

a quinolone antimicrobial drug, was obtained in 1962. 

History of the Development of 

Antimicrobial Agents 



• Penicillins were originally effective for Gram positive 

organisms such as S. aureus.  

• Later, to address penicillin-resistant S. aureus which 

produces the penicillin-hydrolysing enzyme penicillinase, 

methicillin was developed. 

•  On the other hand, attempts to expand the antimicrobial  

    spectrum yielded ampicillin, which is also effective for  

    Gram-negative Enterobacteriaceae, and piperacillin,  

     which is effective even for Pseudomonas aeruginosa. 

History of the Development of 

Antimicrobial Agents 



History of the Emergence of Resistant 

Bacteria 

• S. aureus is the resistant bacterium most familiar in the clinical 

setting.  

• This bacterium rapidly acquired resistance to sulfonamides      

when they were in use.  

• Penicillin was initially effective to this microorganism, but resistant 

strains that produce penicillinase increased in the 1950s. 

• Therefore, penicillinase-stable methicillin was developed in 1960, 

as mentioned previously. 

• However, as early as the following year, 1961,                                 

methicillin-resistant S. aureus (MRSA) was isolated in the UK. 



• Since around 1990, nosocomial infection with MRSA  

became a social problem. 

•  During this period, the target of new antimicrobial agents  

     including second- and third-generation cephems,         

     shifted from Gram-positive to Gram-negative bacteria,  

     and agents with wide spectra but weaker activity against  

     Gram-positive bacteria were widely used (Fig. 1). 

History of the Emergence of Resistant 

Bacteria 





• Although S. pneumoniae was originally susceptible to penicillin,                          

penicillin-intermediate S. pneumoniae (PISP) strains were found in the latter 

half of the 1960s,                                                                                                           

and penicillin-resistant S. pneumoniae (PRSP) strains in the latter half of the 

1970s. 

•  In Japan, PRSP was found in the 1980s, and the detection of PRSP strains 

began to increase around 1990.  

• Frequent use of oral cephem antibiotics seems to be responsible          

for this increase in PRSP. 

•  There has also been a remarkable increase in macrolide resistance in this 

species, which seems also due to the frequent use of macrolides in this 

country. 

History of the Emergence of Resistant 

Bacteria 



• Ampicillin was initially effective for Haemophilus influenzae.  

• However, in the 1980s, some of this species were found to produce                
ß-lactamase, thereby becoming resistant to ampicillin.  

• In the 1990s, such ß-lactamase-producing strains decreased in Japan, 

however, strains that acquired highly resistance to ß-lactam through 

mutations in PBP genes, increased instead.  

• These are called as ß-lactamase-negative ampicillin-resistant (BLNAR) 

strains, and they are more common in Japan than in other Western countries.  

• It has been speculated that increased use of oral cephem antibiotics is also 

responsible, similar to the situation with PRSP. 

History of the Emergence of Resistant 

Bacteria 



• Although P. aeruginosa are intrinsically resistant to many 

antimicrobial agents,                                                                                

the emergence of P. aeruginosa strains resistant to all of 

three classes of antimicrobials,                                                                                             

i.e., carbapenems, quinolones, and aminoglycosides 

is  a recent concern. 

• These multidrug resistant P. aeruginosa (MDRP) 

sometimes seems to cause an outbreak in some 

institutions. 

 

History of the Emergence of Resistant 

Bacteria 



• Gonococci used to be susceptible to penicillin and 

quinolone,                                                                          

but currently they are resistant to both agents in Japan.  

• In particular, quinolone had been the first-choice drug for 

gonococcal infection in the 1980s because of the potential 

advantage in the case of co-infection with Chlamydophila.  

• However, since almost all the strains have become 

resistant to quinolones, the 1999 guidelines declared 

against the use of quinolone for gonococcal infection.6 

History of the Emergence of Resistant 

Bacteria 



4 y.o. girl in excellent health suddenly developed facial 
skin infection, high fever. The infection spread leading to 
swelling that prevented swallowing or breathing. 

Physician Perspective 
The Power of Effective Antibiotics: 1943 &  today 

Herrell ’43 Proc Staff Meetings Mayo Clinic 18:65-76 

On arrival to the hospital After 14 days penicillin 



Physician Perspective 

The Collective Power of Effective Antibiotics 

Armstrong, G. L. et al. JAMA 1999;281:61-66. 
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Penicillin 

Antibiotics caused US deaths 
to decline by ~220 per 

100,000 in 15 years 

All other medical technologies 
reduced deaths by ~20 per 100,000 

over the next 45 years 



  
Physician Perspective 

The Tragedy of Ineffective Antibiotics: The Crisis is Now 

Rebecca Lohsen     
(17 yr)--Dead 

Mariana Bridi da Costa      
(22 yr)--Dead 

Carlos Don               
(12 yr)--Dead 

Ricky Lannetti           
(21 yr)--Dead 

www.AntibioticsNow.org 

Premature Death 

Addie Rerecich, 11yo 
Double lung transplant 

Stroke, nearly blind 
$6 million hospital bill 

Tom Dukes 
 colostomy, lost 8” colon 

Life-altering Disability 



Geographical distribution of extreme-drug 
resistant Klebsiella bacteria 

Nov, 2006 Nov, 2006 Current 

 The Crisis in Antibacterial Resistance 



Extreme-drug resistant Acinetobacter 

0%

20%

40%

60%

80%

1999 2001 2003 2005 2007 2009

Hoffman et al ’10 ICHE 31:196-7; Higgins ’10 JAC 65:233-8; Lautenbach ’09 ICHE ’09 30:1186-92; Rosenthal 
’10 Am J Infect Control 38:95-104; Hidron ‘ICHE ’08 29:996-1011; Dizbay ’10 Scand J Infect Dis; Kallen ’10 
ICHE 31:528-31; NY Times 

Percent Extreme-drug Resistant 
Acinetobacter has risen dramatically 



MRSA – a big antibiotic resistance problem 

 What is MRSA? 

 MRSA is methicillin-resistant Staph aureus, an antibiotic resistant version of a 

common bacterium 

 How big is the problem? 

 MRSA rates have grown considerably with the overuse of antibiotics 

 In 2005, there were 14 million cases of MRSA in the outpatient setting 

 What is the economic impact? 

 A case of healthcare-associated MRSA costs $94,707 

 The cost to isolate a patient with MRSA is $1250 per day 

 

 

Shorr AF.  JCM 2010 48:3258-62 

Center for Medicare and Medicaid Services website 

Gidengil CA.  48th annual meeting of the IDSA 

Year % of S. aureus strains that 

are MRSA 

1974 2% 

1995 22% 

2004 64% 



Ignác Semmelweis (1818-1865) 

– assistant in midwifery of 
Allgemeines Krankenhaus 
(Vienna) in 1846 

– noted that up to 1/5 women died 
from "childbed" puerperal fever 
after physician-assisted delivery 
– by contrast, mortality was low in 
deliveries performed by midwives 



Brief History of Antibiotics 

• 1928- Penicillin discovered by Fleming 

• 1932- Sulfonamide antimicrobial activity discovered {Erlich}• 

• 1943- Drug companies begin mass production of penicillin 
 
 
• 1948- Cephalosporins precursor sent to Oxford for synthesis 
 
 
• 1952- Erythromycin derived from Streptomyces erythreus 

• 1956- Vancomycin introduced for penicillin resistant staphylococcus 
 
 
• 1962- Quinolone antibiotics first discovered 
 
 
• 1970s- Linezolide discovered but not pursued 

• 1980s- Fluorinated Quinolones introduced, making then clinically useful 
 
 
• 2000- Linezolide introduced into clinical practice 
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 natural source 
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The End of Infectious Disease 

• In 1967, U.S. Surgeon General William H. Stewart told 
   a White House gathering of health officers that  
      “it wastime to close the book on infectious diseases”       
and shift all national attention (and dollars) to what he termed 
‘theNew Dimensions’of health: chronic diseases” 

 
• In the US, deaths from infectious disease dropped by 
   8.2% annually from 1938 to 1952, and by 2.3% annually 
   thereafter until 1980. 

• New antibiotics were being discovered on a yearly basis 
  to replace any that had lost effectiveness 



The End of Infectious Disease 

• From 1981 to 1995 deaths from 
  infectious disease increased by 4.8% 
  annually. 

•In 1998 WHO estimated that over 13 
million deaths worldwide were caused 
by infectious disease, almost a quarter 
of the total deaths in that period. That 
percentage was up to 26% in 2001. 

•In 1995 the annual in-hospital costs 
associated with resistance of 6 
bacterial species to a single antibiotic 
were estimated to be $1.3 billion. 

• 37 new human pathogens have been 
       identified in the last 30 years. 

•12% of known human pathogens 

have been recognized as emerging or 
reemerging health threats 



The End of Infectious Disease 

•Since 1967: 
–Legionnaire’s disease 
–Toxic shock syndrome 
–AIDS 

–Lyme disease 
–West Nile encephalitis 
–SARS 

–Avian Flu 
•Chronic diseases associated with pathogens: 
–Peptic ulcers (Helicobacter pylori) 
–Liver cancer (Hepatitis B and C) 
–Lyme arthritis (Borrelia burgdorferi) 



E P I D E M I C  A L E R T  A N D  R E S P O N S E  Laboratory Training for Field Epidemiologists 

Leading global infectious diseases 
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S. pneumonia: Up to 55% 

resistance to penicillin in 

some regions 

HIV: Report of 

resistance to all 

marketed agents 

S. dyentariae: 90% resistance to 

cotrimoxazole S.Typhi: Outbreaks of 

multi-resistant strains in 11 countries 

M. tuberculosis: 

Multi-drug resistant 

tuberculosis 

P. falciparum: 

Chloroquine resistance in 

81/92 countries 



E P I D E M I C  A L E R T  A N D  R E S P O N S E  Laboratory Training for Field Epidemiologists 

Antibiotic resistant infections  

Diseases Agent 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 



 

France 

USA 

Mexico 

Colombia 

Argentina Brazil S. Africa 

U. K 

Taiwan 

Japan 

Korea 

Thailand 

Singapore 

By courtesy of Dr. Liselotte Diaz Högberg  

A global problem! 
Worldwide spread of the 23F clone of 

penicillin-resistant pneumococci: 

 



(Lord Kelvin, 1824-1907) 

Surveillance 



E P I D E M I C  A L E R T  A N D  R E S P O N S E  Laboratory Training for Field Epidemiologists 

Antimicrobial resistance 

•  Results from misuse, overuse, under/ inadequate use  

       of antimicrobials  

• Threat to global stability and national security 

WHO Global Strategy for Containment of Antimicrobial 

Resistance: 

• Intervention framework to slow emergence and reduce 

the spread of antimicrobial resistant microorganisms 

 



• Golden age of antibiotics 

– Discovery 

– Development 

– Clinical exploitation 

• Arguably the most significant medical 
advance of the century 

• Considerable pharmaceutical investment 

– 11 distinct antibiotic classes 

– >270 antibiotics in clinical use 

 

20th Century 



• Prospects of a post-antibiotic era? 

• Evolving resistance with antibiotic use 

• Emergence of superbugs 

• Unmet needs of the hospital treatment 

market 

 

 

 

21st Century 



Past 

FDA approved antibacterial agents 1983-2002 

5  y e a r  p e r io d s a n t ib a c te r ia ls

a p p r o v e d

1 9 8 3 -8 7 1 6

1 9 8 8 -9 2 1 4

1 9 9 3 -9 7 1 0

1 9 9 8 -0 2 6



 
 
Antibiotics revolutionized medicine!   
• The introduction of penicillin in the 1950’s 

increased the chance of survival for pneumonia 
patients from 25% to 80% 

 Antibiotic Resistance threatens to return us to the 
pre-antibiotic era 

•In Tanzania, Antibiotic Resistance has decreased the rate of  survival 
from neonatal gram-negative infections from 70% to 20% 

In the EU, more than 25 000 patients die from multidrug 
resistant bacteria annually (EMA/ECDC report) 

Extra health-care costs and productivity losses of at least 
1,5 billion EURO per year 

Modern medicine depends on access to 
effective antibiotics 



What has led to resistance? 

 Increased use of antibiotics 

 Prescriptions taken incorrectly 

 Sold without medical supervision 

 Prophylactic use before surgery 

 Antibiotics used for viral infection 

 Spread of resistant microbes in hospitals due to lack of hygiene 

 Patients who do not complete course 

 Antibiotics in animal feeds 



“The more we use them, the more we lose them…” 

By courtesy of Dr. Liselotte Diaz Högberg  



The AMR complexity…… 

 

 

…..leads to a problem which cannot be tackled 

by one scientific domain or even by research 

alone but that needs a collaborative approach 



When the Drugs Don’t Work 
Antibiotic Resistance as a Global Development Problem 



10 

People living in poverty are more likely to get sick from resistant infections and are also less able to prevent or 
get well from them. 
 
Antibiotic resistance can breed poverty,while poverty feeds the problem of antibiotic resistance. 
Photo:Paul Hansen 



    US$ 

   700 
 
 
 
The median overall extra 

 cost to treat a resistant 

  bacterial infection 

     442 
     days 
      of work 
 
 
 The time a rural male casual 

  worker in India has to work 

    to earn this amount 

 
   Sujith Chandy, ‘Antibiotic Use & Resistance: 

Patterns, Perceptions, Policy and the Price to Pay’ (2014) 

The crucial role of affordable 

and effective medical care 

Access to affordable and effective medical care and 

treatment plays a crucial role in addressing the burden 

of bacterial infectious diseases.Antibiotics have 

generally been relatively affordable compared to other 

medicines over the last decades.Recently however, 

many old generic antibiotics have undergone price 

hikes up to 400% and new antibiotics entering the 

market have proven very expensive,also for high- 

income countries.14–17 Pharmaceutical companies are 

calling for increased prices or longer monopolies on 

their antibiotics through patents or other mechanisms, 

but are not committing to ensure local registration, 

wide availability and affordability of medicines in low- 

and middle-income countries.16,18 

 
At the same time,up to 90% of the population in 

low-income countries are paying for their medicines 

out-of-pocket.19–21This already translates to around 
 
 13 

25%-70% of total income being spent on healthcare, 
making medicines the largest family cost after food.21 

 
Antibiotic resistance adds to these costs in several ways. 

Treatment of resistant infections may: 

1.    depend upon second and third line antibiotics that 

 often are far more expensive, 

2.    take longer and have less chances of success,and 

3.    require hospitalisation that with alternative anti- 

 biotics would not have been necessary. 
 
All of this puts an additional strain on household 

incomes.For example,one study points to the relation- 

ship of user fees and antibiotic resistance,noting that: 

‘Out-of-pocket health expenditures were strongly 

correlated with antibiotic resistance in low- and 

middle-income countries’and in particular that 

‘[t]his relationship was driven by countries that require 

co-payments on medications in the public sector.’22 



2. Collaborating to find a solution 



AMR research facts 

– National research on AMR is dispersed 

– No common goals 

– So far no success in reducing the risk of AMR 

 

 

   

 

 

   

 

  The spread of AMR continues 
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Data:European MedicinesAgency 2018 

Antibiotic use in agriculture 

varies greatly per country 
Sales in mg/PCU in 2016 

(PCU takes into account a country’s animal population over a year,along with the estimated weight 
of each particular species at the time of treatment with antibiotics) 

effectiveness is central to both food security and 
food safety. 
 
Global antibiotic consumption in livestock was in 2010 

estimated to be over 63,000 tonnes.89  With increasing 

human population and rising demand for meat,the 

Organisation for Economic Co-operation and 

Development (OECD) estimates that antibiotic use in 

food animals will increase by 67% globally from 2010 to 

2030 if nothing is done.90To accommodate the growing 
 
36 

demand for meat products,there is an increase in the 
industrial production of food animals.In many circum- 

stances this method of production leads to high use of 

antibiotics.91 In that sense the increasing demand for 

meat is a driver of antibiotic use and resistance.Misuse 

and overuse is often due to bad animal living condi- 

tions,lack of education and awareness about how to use 

antibiotics as well as a lack of understanding of antibiotic 

resistance.92 



Recognizing a looming crisis 

• On April 30, 2014, the World Health Organization (WHO)    

   published its first global report on antimicrobial resistance –  

   including antibiotic resistance –                                                                                                    

     that emphasizes                                                                                                                             

   "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."  



Global Action Plan 
• In May 2015, WHO launched a global action plan with the aim of  

    preserving our ability to prevent and treat infectious diseases using  

     safe, effective medicines.  

• The plan sets out five objectives: 

1) to improve awareness and understanding of antimicrobial 
resistance; 

2) to strengthen surveillance and research; 

3) to reduce the incidence of infection; 

4) to optimize the use of antimicrobial medicines; 

5)  to ensure sustainable investment in countering antimicrobial 
resistance.  

 



We can’t change the direction of the wind,   

but we can adjust the sails.  

(Indian proverb) 



• WHO publishes list of bacteria for which new 

antibiotics are urgently needed 
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• WHO today published its first ever list of antibiotic-resistant  

"priority pathogens" –  

     a catalogue of 12 families of bacteria that pose the greatest  

     threat to human health.  

• The list highlights in particular the threat of gram-negative 
bacteria that are resistant to multiple antibiotics.  

• These bacteria have built-in abilities to find new ways to resist 
treatment and can pass along genetic material that allows other 
bacteria to become drug-resistant as well. 

 



• The WHO list is divided into three categories according to the 
urgency of need for new antibiotics:  

  critical,  

  high and  

  medium priority.  

• The most critical group of all includes multidrug resistant 
bacteria that pose a particular threat in hospitals, nursing 
homes, and among patients whose care requires devices such 
as ventilators and blood catheters.  
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• They include: Acinetobacter,  Pseudomonas and  

           various Enterobacteriaceae 

                     (including  Klebsiella, E. coli, Serratia, and Proteus).  

 

• They can cause severe and often deadly infections such as  

   bloodstream infections and  

   pneumonia. 
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• These bacteria have become resistant to a large number of 
antibiotics, including  

   carbapenems  and 

   third generation cephalosporins –                                                 
the best available antibiotics for treating multi-drug resistant 
bacteria.  

• The second and third tiers in the list – the high and medium 
priority categories – contain other increasingly drug-resistant 
bacteria that cause more common diseases such as 
gonorrhoea and food poisoning caused by salmonella. 
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WHO priority pathogens list for R&D of 

new antibiotics 
 • Priority 1: CRITICAL 

 

• Acinetobacter baumannii, carbapenem-resistant 

• Pseudomonas aeruginosa, carbapenem-resistant 

• Enterobacteriaceae, carbapenem-resistant, ESBL-producing 

 



• Priority 2: HIGH 

• Enterococcus faecium, vancomycin-resistant Staphylococcus 
aureus,  methicillin-resistant, vancomycin-intermediate and 
resistant 

• Helicobacter pylori, clarithromycin-resistant 

• Campylobacter spp., fluoroquinolone-resistant 

• Salmonellae, fluoroquinolone-resistant 

• Neisseria gonorrhoeae, cephalosporin-resistant, 
fluoroquinolone-resistant 

 

 
WHO priority pathogens list for R&D of 

new antibiotics 
 



• Priority 3: MEDIUM 

• Streptococcus pneumoniae, penicillin-non-susceptible 

• Haemophilus influenzae, ampicillin-resistant 

• Shigella spp., fluoroquinolone-resistant 

 

 
WHO priority pathogens list for R&D of 

new antibiotics 
 



Bacteria and Fungi Listed in the 2019 AR 
Threats Report 

• Urgent Threats 

• Carbapenem-resistant Acinetobacter 

• Candida auris 

• Clostridioides difficile 

• Carbapenem-resistant Enterobacteriaceae 

• Drug-resistant Neisseria gonorrhoeae 
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• Serious Threats 

• Drug-resistant Campylobacter 

• Drug-resistant Candida 

• ESBL-producing Enterobacteriaceae 

• Vancomycin-resistant Enterococci (VRE) 

• Multidrug-resistant Pseudomonas aeruginosa 

• Drug-resistant nontyphoidal Salmonella 

• Drug-resistant Salmonella serotype Typhi 

• Drug-resistant Shigella 

• Methicillin-resistant Staphylococcus aureus (MRSA) 

• Drug-resistant Streptococcus pneumoniae 

• Drug-resistant Tuberculosis 

Bacteria and Fungi Listed in the 2019 AR 
Threats Report 
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• Concerning Threats 

• Erythromycin-Resistant Group A Streptococcus 

• Clindamycin-resistant Group B Streptococcus 

• Watch List 

• Azole-resistant Aspergillus fumigatus 

• Drug-resistant Mycoplasma genitalium 

• Drug-resistant Bordetella pertussis 

Bacteria and Fungi Listed in the 2019 AR 
Threats Report 
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Antibiotic-Resistant Infections Threaten 
Modern Medicine 

 

• Millions of people in the United States receive care that can be  

   complicated by bacterial and fungal infections.  

 

• Without antibiotics, we are not able to safely offer some            

   life-saving medical advances. 
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Antibiotic-Resistant Infections Threaten 
Modern Medicine 





We can’t change the direction of the wind,   

  but we can adjust the sails.  

       (Indian proverb) 




