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ANTIBIOTIC RESISTANCE



Antibiotic resistance

Resistance
Agent FDA approval first reported

Penicillin 1943 1940
Streptomycin 1947 1947
Tetracycline 1952 1956
Gentamicin 1967 1970
Cefotaxime 1981 1983
Linezolid 2000 1999
Daptomycin 2003 2002



Antibiotic Resistance

In hospitals

MRSA
Candida spp
Pseudomonas aeruginosa
Acinetobacter spp
ESBLs

In the Community

Strep. pneumoniae
Haemophilus influenzae
Moraxella catarrhalis
MRSA
ESBLs
M. tuberculosis
HIV



Penicillin non-susceptible S. pneumoniae - 2004

(European Antibiotic Resistance Surveillance System)



Hospital acquired infection and antibiotic 
resistant pathogens (USA)
Methicillin-resistant Staphylococcus aureus (MRSA)
Vancomycin-resistant enterococci (VRE)
Fluoroquinolone-resistant Pseudomonas aeruginosa (FQRP)

Infectious Diseases Society of America (IDSA) - July 2004. Available at: www.idsociety.org/badbugsnodrugs. 

In
cid

en
ce

 (%
)

0

10

20

30

40

50

60

1980 1985 1990 1995 2000
Year



VRE: vancomycin-resitant E. faecium

In Europe in 2004:
E. faecalis – 0.9% of isolates fully resistant; 0.3% 
showed intermediate resistance1

E. faecium – 9% of isolates fully resistant; 0.8% 
showed intermediate resistance

Rates higher in the US:
VRE – 28.5% of isolates resistant to vancomycin
in 20032

1EARRS Annual Report 2004
2CDC NNIS Report 2004



MRSA in Europe - 2004

(European Antibiotic Resistance Surveillance System)



The changing pattern of community MRSA -
hospital and new community pathogens

Hospital-acquired 
MRSA

Community-acquired 
MRSA

Multi-drug 
resistance

Cause bloodstream 
infection of the 

urinary and 
respiratory tractsNovel methicillin resistance 

cassette     
(SSCmec type IV)

Higher growth 
rate

Infection 
characteristics?

Isolated predominantly 
from skin & soft tissue 

infections

Age 
distribution?

Encode PVL toxins

Resistance 
often limited to 

β-lactams

Nursing homes



IMPACT OF RESISTANCE



What is the clinical and economic 
impact of antibiotic resistance?

failure to respond
morbidity/mortality

prolonged LOS
complications of disease

costs of alternative management
time to return to baseline activities



Examples of increased mortality resulting from 
empirical and inappropriate versus 
appropriate antibiotic prescribing

Study Relative
population mortality % p Reference
Gram-negative
bacteraemia 37.2% v 19.5% <0.05 Kreger et al, 1980

VAP* 24.7% v 16.2% <0.039 Alvarez-Lima et al, 1996
Bacteraemia 34% v 20% <0.0001 Leiberici et al, 1998
ICU patients 52% v 12% <0.001 Kolleff et al, 1999
VAP 91% v 38% <0.001 Luna et al, 1999
Bacteraemia 61.9% v 28.4% <0.001 Ibrahim et al, 2000

* VAP = ventilator associated pneumonia



Impact of resistance on 
antibiotic prescribing

Infection

UTI
meningitis
biliary sepsis
shigellosis
enteric fever
gonorrhoea
staphylococci

Changing regimens

sulphonamide→ trimethoprim→ FQ
chloramphenicol → ceftriaxone →vanc/TGC
ampicillin → cephalosporins →FQ
tetracycline → co-trimoxaxole →FQ
choramphenicol → ampicillin → FQ
penicillin → quinolone → ceftriaxone
penicillin → flucloxacillin → vancomycin
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Impact of penicillin resistance and changing 
quinolone usage on S. pneumoniae: (USA)

Doern, (2004)

All f/quinolones



Clostridium difficile-associated diarrhoea 
(CDAD) and antibiotic usage

Antibiotic class
Fluoroquinolones
Third-generation cephalosporins
Macrolides
Clindamycin
Intravenous β-lactam/ β-lactamase inhibitors

≥ 7 days
4.33 (3.21-5.84)
1.75 (1.08-2.83)
2.09 (1.12-3.90)
2.38 (1.15-4.93)
1.82 (1.15-2.88)

Adjusted hazards ratio (95% Cl)

Pépin et al, CID (2005)



GOVERNMENT RESPONSE





MRSA in the UK:
political & patient concerns

UK prevalence of MRSA is one of the highest in Europe
Political concerns

UK Department of Health Mandatory Bacteraemia 
Surveillance Scheme

Mandatory for all NHS Acute Trusts in England since 
1 October 2005
Data published every six months – latest data February 2006
Target 50% reduction in MRSA bacteraemias by March 2008

Patient concerns
Patient action group (MRSA Action UK)



Economic impact of MRSA infection

MRSA more costly to manage than other 
types of infection1–3

Prolonged hospitalisation
Screening costs
Increased costs of isolation care
Added cost of second-line therapy

$3.2–$4.2 billion: estimated annual cost of 
MRSA infection to US hospitals4

1Rubin et al. Emerg Infect Dis. 1999; 5: 9–17
2Kim et al. Infect Control Hosp Epidemiol. 2001; 22:99–104
3Abramson & Sexton. Infect Control Hosp Epidemiol. 1999; 20: 408–411
4Rojas & Liu. Poster presented at ISPOR, 2005



Political Response to Antibiotic Resistance

• House of Lords Select Committee 1998

• Specialist Committee on 
Antimicrobial Resistance (UK) 2001

• European CMOs Copenhagen 1998

• WHO Global Strategy 2000

• National Educational Campaigns
- Belgium 2000, 2001
- UK 1999, 2001, 2006



Bad Bugs, No 
Drugs

As Antibiotic 
Discovery 

Stagnates . . . A 
Public Health 
Crisis Brews

Report: IDSA 2004





Copenhagen recommendations: the 
response to antibiotic resistance

Better microbiological surveillance
Monitor drug utilisation
Promote prudent prescribing
Educate professionals & public
Promote infection control and hygiene
Encourage new drug and vaccine 
development.



Surveillance - example: EARSS map of E. coli 
showing fluoroquinolone resistance (2004)



Weaknesses of current surveillance systems

In vitro surveillance data
not denominator controlled
selective sampling
not real time
not linked to diagnosis
not linked to prescribing patterns
variable geographic coverage
not always sufficiently local
links to outcome data remain poor



Monitoring antibiotic use in 26 European countries (2002)

http://www.esac.ua.ac.be



The main cause of antibiotic resistance is 
inappropriate prescribing practice

Prescribing for community viral URTIs
Perioperative prophylaxis >24 h
Inappropriately prolonged courses of 
treatment for uncomplicated infections
Unnecessary use of multi-drug regimens
Under dosing or use of low potency regimens
Failure to define the microbiological nature of 
the target infection



Promoting prudent prescribing 

Definition:
‘The use of antimicrobials in the most appropriate way 
for the treatment or prevention of human infectious 
diseases, having regard to the diagnosis (or presumed 
diagnosis), evidence of clinical effectiveness, likely 
benefits, safety, cost (in comparison with alternative 
choices), and propensity for the emergence of 
resistance.  The most appropriate way implies that the 
choice, route, dose, frequency and duration of 
administration have been rigorously determined.’



Educational campaigns







Promoting hygiene & infection control

The path of least resistance – SMAC report 1998
Getting ahead of the curve: a strategy for combating 
infectious disease (2003)
www.doh.gov.uk/cmo/idstrategy/index.htm
Winning ways: working together to reduce HCAI (2003)
www.doh.gov.uk/cmo
National resource for infection control (2005)
www.nric.org.uk
Saving lives: a programme to reduce HCAI including MRSA 
(2005)
www.dh.gov.uk/reducingmrsa



UK Department of Health (2005): The delivery programme 
to reduce HCAI including MRSA/Productivity Tool

www.dh.gov.uk/reducingmrsa



Strategies to contain the emergence of 
antimicrobial resistance (Cochrane Review)

Systematic review (1960-2000) - 21 studies
Restricting the use (5)
Prescriber education, feedback and use of 

guidelines (6)
Combination therapies (7)
Vaccination (3)

Conclusion: overall, there is an absence of good 
evidence concerning what is effective in reducing 
the emergence of antmicrobial resistance.

Wilton et al, 2002 (Cochrane Library)



“Magic bullet”



New drugs - the industrial drivers of innovation

New diseases and new targets 
Enhanced microbiological activity
Antibiotic resistant pathogens
Improved pharmacokinetics
More convenient regimens
Improved safety



Antibiotics have been very successful 
commercially
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Development of new classes 
of antibacterial agents

1930 1940 1950 1960 1970 1980 1990 2000 2010

1936: Sulfonamides

1940: β-lactams

1949: Tetracyclines

1949: Chloramphenicol

1950: Aminoglycosides

1952: Macrolides

1958: Glycopeptides

1962: Streptogramins

1962: Quinolones

1999: Oxazolidinones

2003: Lipopeptides

Norrby SR, et al. Lancet Infectious Diseases 2005; 5:115–9.



Antibiotics show little opportunity compared 
with other therapeutic categories

Biologicals
Childhood vaccines

Adjunct therapy
Haematology drugs

Neurodegeneration

Thrombosis-prevention
Insulin, insulin-analogues

Insulin enhancers-sensitizers
Asthma

HIV
Schizophrenia

Hormonal
Epilepsy

Cytotoxic - chemical
Lipid lowering

Osteoporosis/ HRT
Anti-virals

Contraception
Depression

Hypertension-Angina
Acid disorders

Allergy - antihistamines

Monoclonal antibody-targetted 

Metabolism/ Endocrinology 

Antibiotics
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European Union response to the 
technology gap

EU Conferences
Copenhagen: EU health ministries 1998
Rome: Research Solutions 2003 
Dag Hammarskjold Foundation meeting 2004  
“Priority medicines for Europe”
(Netherlands/WHO) 2005
React Report - ‘Expert Report on a critical need’
Birmingham: the technology gap 2005



European Union response to the 
technology gap

EU Conferences
Copenhagen: EU health ministries 1998
Rome: Research Solutions 2003 
Dag Hammarskjold Foundation meeting 2004  
“Priority medicines for Europe”
(Netherlands/WHO) 2005
React Report - ‘Expert Report on a critical need’
Birmingham: the technology gap 2005





Antibiotic innovation study 2005
“Expert Voices on a Critical Need”

Commissioned by REACT - a joint initiative 
by the Dag Hammarskjold Foundation, 
Strama and Division of International Health, 
Karolinska Institute
Summarises in-depth interviews with key 
leaders in industry, academia, medicine, 
reimbursement authorities
Conclusion - urgent, concerted action to 
promote new technologies is essential





Invited delegates
EU MS representatives
EC Directorates
Big Pharma
Biotech companies
Diagnostic companies
Academia
Financial sector
Healthcare managers
EMEA

In press J Antimicrob Chemotherapy



EU conference - Antibiotic resistance
- action to promote new technologies

Keynote presentations
Why action is needed today - Otto Cars
A clinical perspective: the need for new drugs, vaccines 
and diagnostics - Roger Finch
Why is big pharma reducing investment in 
antimicrobials - Andrew Witty
Can biotech fill the technology gap? -
Gerd Zettlmeissl
The commercial potential of antibiotics: an investor 
perspective - Stewart Adkins
A view from the USA – Todd Weber (CDC)



EU conference - Antibiotic resistance
- action to promote new technologies

Workshop 1 - Linking surveillance to identify unmet 
needs and define the research agenda

Workshop 2 - Obstacles to greater acceptance of new 
technologies in healthcare

Workshop 3 - The commercial reality of antibiotic 
innovation - how can the barriers be overcome

Workshop 4 - European regulatory opportunities to 
encourage new agents

Workshop 5 - Leadership, policy and partnerships to 
support innovation



Key conclusions
The need for new healthcare technologies is endorsed
New funding models need to be identified, especially 
for phase I studies
New near-patient diagnostics should be developed to 
sustain the effectiveness of existing antibiotics
Healthcare systems need to recognise their 
technology gaps and demonstrate greater acceptance 
to pay more for innovation
Regulatory processes need to be harmonised, 
streamlined and supportive of earlier licensing
Leaders, champions and advocates are essential to 
articulate the need for new technologies to the public 
and the EU




