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The magic bullet  
ÅAntibiotics revolutionised medicine 

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

ÅIt was later isolated by Florey and Chain 

ÅIt was not extensively used until the World War II when it was 
used to treat war wounds 

ÅAfter World War II many more antibiotics were developed 

ÅToday about 150 types are used 

ÅMost are inhibitors of the protein synthesis, blocking the 70S 
ribosome, which is characteristic of prokaryotes 
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Antibiotic time line: 

Å1910 - Arsphenamine aka Salvarsan 
Å1912 - Neosalvarsan 
Å1935 - Prontosil (an oral precursor to 

sulfanilimide) 
Å1936 - Sulfanilimide 
Å1938 - Sulfapyridine (M&B 693) 
Å1939 - sulfacetamide 
Å1940 - sulfamethizole 
Å1942 - benzylpenicillin 
Å1942 - gramicidin S 
Å1942 - sulfadimidine 
Å1943 - sulfamerazine 
Å1944 - streptomycin 
Å1947 - sulfadiazine 
Å1948 - chlortetracycline 
Å1949 - chloramphenicol 
Å1949 - neomycin 
Å1950 - oxytetracycline 

Å1950 - penicillin G procaine 
Å1952 - erythromycin 
Å1954 - benzathine penicillin 
Å1955 - spiramycin 
Å1955 - tetracycline 
Å1955 - thiamphenicol 
Å1955 - vancomycin 
Å1956 - phenoxymethylpenicillin 
Å1958 - colistin 
Å1958 - demeclocycline 
Å1959 - virginiamycin 
Å1960 - methicillin 
Å1960 - metronidazole 
Å1961 - ampicillin 
Å1961 - spectinomycin 
Å1961 - sulfamethoxazole 



Antibiotic time line: 

Å1961 - trimethoprim 
Å1962 - cloxacillin 
Å1962 - fusidic acid 
Å1963 - fusafungine 
Å1963 - lymecycline 
Å1964 - gentamicin 
Å1966 - doxacycline 
Å1967 - carbenicillin 
Å1967 - rifampicin 
Å1968 - clindamycin 
Å1970 - cefalexin 
Å1971 - cefazolin 
Å1971 - pivampicillin 
Å1971 - tinidazole 
Å1972 - amoxicillin 
Å1972 - cefradine 
Å1972 - minocycline 
Å1972 - pristinamycin 

Å1973 - fosfomycin 
Å1974 - talampicillin 
Å1975 - tobramycin 
Å1975 - bacampicillin 
Å1975 - ticarcillin 
Å1976 - amikacin 
Å1977 - azlocillin 
Å1977 - cefadroxil 
Å1977 - cefamandole 
Å1977 - cefoxitin 
Å1977 - cefuroxime 
Å1977 - mezlocillin 
Å1977 - pivmecillinam 
Å1979 - cefaclor 
Å1980 - cefmetazole 



Antibiotic time line: 

Å1980 - cefotaxime 
Å1980 - cefsulodin 
Å1980 - piperacillin 
Å1981 - amoxicillin/clavulanic acid (co-

amoxiclav) 
Å1981 - cefperazone 
Å1981 - cefotiam 
Å1981 - cefsulodin 
Å1981 - latamoxef 
Å1981 - netelmicin 
Å1982 - apalcillin 
Å1982 - ceftriaxone 
Å1982 - micronomicin 
Å1983 - cefmenoxime 
Å1983 - ceftazidime 
Å1983 - ceftiroxime 
Å1983 - norfloxacin 
Å1984 - cefonicid 

Å1984 - cefotetan 
Å1984 - temocillin 
Å1985 - cefpiramide 
Å1985 - imipenem/cilastatin 
Å1985 - ofloxacin 
Å1986 - mupirocin 
Å1986 - aztreonam 
Å1986 - cefoperazone/sulbactam 
Å1986 - ticarcillin/clavulanic acid 
Å1987 - ampicillin/sulbactam 
Å1987 - cefixime 
Å1987 - roxithromycin 
Å1987 - sultamicillin 
Å1987 - ciprofloxacin 
Å1987 - rifaximin 
Å1988 - azithromycin 



Antibiotic time line: 

Å1988 - flomoxef 
Å1988 - isepamycin 
Å1988 - midecamycin 
Å1988 - rifapentine 
Å1988 - teicoplanin 
Å1989 - cefpodoxime 
Å1989 - enrofloxacin 
Å1989 - lomefloxacin 
Å1990 - arbekacin 
Å1990 - cefozidime 
Å1990 - clarithromycin 
Å1991 - cefdinir 
Å1992 - cefetamet 
Å1992 - cefpirome 
Å1992 - cefprozil 
Å1992 - ceftibufen 
Å1992 - fleroxacin 
Å1992 - loracarbef 

Å1992 - piperacillin/ tazobactam 
Å1992 - rufloxacin 
Å1993 - brodimoprim 
Å1993 - dirithromycin 
Å1993 - levofloxacin 
Å1993 - nadifloxacin 
Å1993 - panipenem/betamipron 
Å1993 - sparfloxacin 
Å1994 - cefepime 
Å1999 - quinupristin/dalfopristin 
Å2000 - linezolid 
Å2001 - telithromycin 
Å2003 - daptomycin 
Å2005 - tigecycline 
Å2005 - doripenem 
Å2009 - telavancin 



Resistance 

ÅIt took less than 20 years for, bacteria to show signs of 
resistance 

 

ÅStaphylococcus aureus, which causes blood poisoning and 
pneumonia, started to show resistance in the 1950s 

 

ÅToday there are different strains of S. aureus resistant to every 
form of antibiotic in use 
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Mechanism of developing resistance in a bacteria  



Mechanisms of Antibiotic Resistance  
Method  Examples  

Inactivation: enzymatic 
inhibition 

-̡lactamase 

Target site modification Penicillin binding protein (̡ lactams),  
Ribosomal proteins (Aminoglycosides, 
Macrolides),  
Cell wall peptidoglycan (glycopeptide resistant 
enterococci) 

Cell wall permeability Reduced permeability (Gram ςve bacteria),  
Blocked influx (Imipenem resistant 
pseudomonas),  
Reduced uptake (Tetracyclines) 

Active expulsion Tetracyclines in enterobacter 

Metabolic  Development of alternative target (Sulfonamide 
& Trimethoprim resistant),  
Alternative Pathway (MRSA) 



Multiple resistance  
ÅIt seems that some resistance was already naturally present in 

bacterial populations 

 

ÅThe presence of antibiotics in their environment in higher 
concentrations increased the pressure by natural selection 

 

ÅResistant bacteria that survived, rapidly multiplied 

 

ÅThey passed their resistant genes on to other bacteria (both disease 
causing pathogens and non-pathogens) 
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Transposons & Integrons  
ÅResistance genes are often associated with transposons, genes that 

easily move from one bacterium to another 

 

ÅMany bacteria also possess integrons, pieces of DNA that 
accumulate new genes 

 

ÅGradually a strain of a bacterium can build up a whole range of 
resistance genes 

 

ÅThis is multiple resistance 

 

ÅThese may then be passed on in a group to other strains or other 
species  
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Mechanism of Transferring the resistance to other bacteria  



Antibiotics promote 
resistance  
ÅIf a patient taking a course of antibiotic treatment does not 

complete it  

ÅOr forgets to take the doses regularly,  

ÅThen resistant strains get a chance to build up 

ÅThe antibiotics also kill innocent bystanders bacteria which 
are non-pathogens 

ÅThis reduces the competition for the resistant pathogens 

ÅThe use of antibiotics also promotes antibiotic resistance in 
non-pathogens too 

ÅThese non-pathogens may later pass their resistance genes on 
to pathogens  
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Resistance gets around 

 

ÅWhen antibiotics are used on a person, the numbers 
of antibiotic resistant bacteria increase in other 
members of the family 

 

ÅIn places where antibiotics are used extensively  
e.g. hospitals and farms 
antibiotic resistant strains increase in numbers 
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WHAT  DRIVES 
ANTIMICROBIAL 

RESISTANCE? 



What drives antimicrobial 
resistance ? 

 

ÅInappropriate and irrational use of medicines  

 

ÅPatients not taking the full course of a prescribed 
antimicrobial  

 

ÅWhen poor quality antimicrobials are used, resistant 
microorganisms can emerge and spread.  

 

 



Underlying factors that drive 
AMR include: 
ÅInadequate national commitment  

 

ÅIll-defined accountability  

 

ÅInsufficient engagement of communities;  

 

ÅWeak or absent surveillance and monitoring systems;  

 

ÅInadequate systems to ensure quality and uninterrupted 
supply of medicines  



Underlying factors that drive 
AMR include: 
ÅInappropriate and irrational use of medicines in animal 

husbandry:  

 

ÅPoor infection prevention and control practices;  

 

ÅDepleted arsenals of diagnostics, medicines and vaccines as 
well as insufficient research and development on new 
products.  

 



WHY ARE WE 
CONCERNED?  



Why is antimicrobial resistance 
a global concern?  

 

ÅAMR kills 

Infections caused by resistant microorganisms often fail to 
respond to the standard treatment, resulting in prolonged illness 
and greater risk of death.  

 

ÅAMR hampers the control of infectious diseases 

AMR reduces the effectiveness of treatment because patients 
remain infectious for longer, thus potentially spreading resistant 
microorganisms to others.  

 



Why is antimicrobial resistance 
a global concern?  

 

ÅAMR threatens a return to the pre-antibiotic era 

Many infectious diseases risk becoming uncontrollable and 
could derail the progress made towards reaching the targets of 
the health-related United Nations Millennium Development 
Goals set for 2015. 

 

ÅAMR increases the costs of health care 

When infections become resistant to first-line medicines, more 
expensive therapies must be used. The longer duration of illness 
and treatment, often in hospitals, increases health-care costs 
and the financial burden to families and societies. 

 



Why is antimicrobial resistance 
a global concern?  
ÅAMR jeopardizes health-care gains to society  

The achievements of modern medicine are put at risk by AMR. 
Without effective antimicrobials for care and prevention of 
infections, the success of treatments such as organ 
transplantation, cancer chemotherapy and major surgery would 
be compromised. 

 

ÅAMR threatens health security, and damages trade and 
economies 

The growth of global trade and travel allows resistant 
microorganisms to be spread rapidly to distant countries and 
continents.  

 



WHAT   IS GLOBAL 
SITUATION?  



ÅAntimicrobial resistance is both a natural 
phenomenon and a man made major global 
threat to public health 

 
Å¢ƘǊƻǳƎƘ ǊŜǇƭƛŎŀǘƛƻƴ ŀƴŘ ŎƻƴƧǳƎŀǘƛƻƴ ōȅ άƧǳƳǇƛƴƎέ 

plasmids 

ÅObserved soon after introduction of penicillin 



Global trends: Infectious diseases 
(SEAR) 

ÅStreptococcus pneumoniae is the most common causative agent of 
pneumonias in children and adults in Asia.  

 

ÅTill the1980s, almost all isolates of this organism used to be 
susceptible to penicillin.  

 

ÅIn 2006,  almost 69 percent isolates of this bacterium were found 
to be penicillin resistant. 



Global trends: Infectious diseases 
(SEAR) 

ÅTyphoid and paratyphoid fever continue to be important causes of 
illness and death, particularly among children and adolescents in 
the SEA Region.  

 

ÅShortly after the emergence of multidrug-resistant S. Typhi in this 
Region, case fatality rates approaching 10 per cent (close to 12.8% 
recorded in pre-antibiotic era) were reported. 



Global trends: Infectious diseases 
(SEAR) 

ÅMore than 50 percent isolates of Staphylococcus aureus in hospital 
settings are now methicillin resistant.   

 

Å48 per cent patients with bacteraemia due to resistant S. aureus 
died. Methicillin-resistant S. aureus (MRSA) is a major problem in 
hospital-associated infections in almost all countries in the SEA 
Region. 



Global trends: Infectious diseases 
(SEAR) 

ÅMultiresistant klebsiellae, Pseudomonas and Acinetobacter species 
have given new dimensions to the problem of hospital-associated 
infections.  

 

ÅA. baumannii has become an important pathogen in intensive care 
units. In a study done , mortality in admitted patients due to 
imipenem-resistant  

 

ÅA. baumannii was 52 per cent as compared to 19 per cent in those 
who were infected with the sensitive variant. 



Regional trends:  
Health implications 

ÅMultidrug resistance is commonly found 

ÅbŜŜŘ ǘƻ άǳƴŘŜǊǇƛƴέ ǘǊŜŀǘƳŜƴǘ ŎƘƻƛŎŜ ǿƛǘƘ ƭŀōƻǊŀǘƻǊȅ 
tests 

ÅNeed for time-series to determine trends 

 

Antimicrobial resistance is 
increasing in the Region 

Wide availability of 
antimicrobials 

Widespread use of 
new generation 
antimicrobials 



Global trends: Infectious diseases 

 

ÅAcute respiratory infections 
3.5 million killed globally  

ÅInfluenza and pneumonia 

ÅDiarrhoea 
2.2 million killed globally 

ÅE. coli, shigellosis, cholera 

ÅLack of testing for antibiotic sensitivity during outbreaks 

Infectious diseases still account for  
45% of deaths in low-income countries 



Global trends: Infectious diseases 

ÅHIV/AIDS 

ÅResistance to multidrug therapy 
ÅMalaria 

ÅChloroquine no longer effective in 81 of 92 countries 
ÅTuberculosis 

Å? 20% of resistant new tuberculosis cases are 
multidrug resistant 

ÅCost implications 



Global trends: Nosocomial infections 

ÅIntensity of use of antimicrobials in hospitals 

ÅIncreasing resistance of highly virulent strains 
(Staphylococcus aureus) 

ÅHospital acquired infections (mainly drug resistant 
microbes) account for significant death rates and 
numbers 

Å40 000 deaths/year in USA  



Global trends: Food production 

ÅAbout half of all antibiotics produced are used for 
farming 

ÅReports indicate that 50% of human antimicrobial 
resistance is caused by growth promoters in livestock 

ÅWhere growth promoters are phased out, antimicrobial 
resistance in livestock drops dramatically (Denmark) 



Medicines:  (Ir ) rational use ! 

Å25%ς75% of antibiotic prescriptions inappropriate 

ÅEmpirical treatment, lack of diagnostic services 

ÅLack of targeted education 

Å50%ς90% bought privately from community pharmacy;  

Åhalf for 1-day treatment 

ÅOnly half of 102 countries surveyed regulate drug 
promotion 



Medicines:  
Access 
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Between 1975 and 1997 
Á 1223 new compounds launched 
Á only 11 for tropical diseases 



Medicines:  
Quality 

Â not all countries in the 

Region have well-

functioning drug regulatory 

systems 

Â 10%ï20% of drugs fail 

quality testing 

Â substandard and counterfeit 

drugs continue to kill 

 

Quality and safety standards exist, enforcement varies 
greatly: 

 



Medicines:  
Quality 

Incorrect 

amount

17%

No active 

ingredient

60%

Other errors

7%

Incorrect 

ingredient

16%

Â not all countries in the 

Region have well-

functioning drug regulatory 

systems 

Â 10%ï20% of drugs fail 

quality testing 

Â substandard and counterfeit 

drugs continue to kill 

 

Quality and safety standards exist, enforcement varies 
greatly: 

 



Regional trends:  
Health implications 

ÅSimilarity between the Member States in terms of scope 
and magnitude of the problem 

ÅLink between antimicrobial resistance and irrational use 
of medicines is established in various studies 

ÅHigh levels of drug resistance are found throughout the 
region for medicines used in common infectious 
diseases 

ÅTuberculosis, acute respiratory infections, urinary 
tract infections, malaria, etc. 



Regional trends:  
Economic implications  
Cost of ARI, diarrhoea, tuberculosis and malaria 
treatment 

Total morbidity

First line

Second line

Third line

Total cost of 

treatment

First line

Second line

Third line
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Global problem of antimicrobial resistance  

ÅMalaria 
Åchoroquine resistance in 81/92 countries 

ÅTuberculosis 
Å0-17 % primary multi-drug resistance 

ÅHIV/AIDS 
Å0-25 % primary resistance to at least one anti-retroviral 

ÅGonorrhoea  
Å5-98 % penicillin resistance in N. gonorrhoeae 

ÅPneumonia and bacterial meningitis  
Å0-70 % penicillin resistance in S. pneumoniae 

ÅDiarrhoea: shigellosis 
Å10-90% ampicillin resistance,  5-95% cotrimoxazole resistance 

ÅHospital infections 
Å0-70% S. Aureus resistance to all penicillins & cephalosporins  

Source: WHO country data 2000-3 



W
o

rl
d

 H
e

a
lt
h

 O
rg

a
n

iz
a
ti
o

n
 

 
E

ss
e

n
ti
a

l M
e

d
ic

in
e

s 
a

n
d

 
P

h
a

rm
a

ce
u

ti
ca

l P
o

lic
y 

Variation in outpatient antibiotic use in 26 
European countries in 2002  

Source: Goosens et al, Lancet, 2005; 365: 579-587; ESAC project. 


