
Antibiotic resistance

Faris Bakri
1-9-2008

















Questions, Questions, Questions

n What do we mean by resistance?
n How do we measure resistance?
n Where did resistance come from?
n What is “resistance selection”?
n How big is the problem?
n What is a surveillance system?
n What are the commonest resistant bacteria?
n Why is it a problem?  
n Who is driving the problem? 
n What to do?



Resistant bacteria
n Are not inhibited by the usually 

achievable systemic concentrations of 
the normal dosage



Testing methods

n Disk diffusion procedure
n Sensitive, Intermediate, Resistant

n Etest 
n Quantitative (MIC) and qualitative



Etest







Intermediate strains
n MIC approaches attainable blood levels 

and response rate may be lower than 
susceptible bacteria



The in vitro dilemma
n Does the in vitro growth inhibition by a 

specific agent correlates with clinical 
response ???



Clinical laboratory standards Institute
National Committee for Clinical Laboratory 
Standards (NCCLS)

n Publishes the standards of testing
n Very complex documents
n Less complete for rare organisms

n eg. Bacillus, Corynebacterium, Leuconostoc



Antibiotic Disc 
Content 

Zone 
Diameter 

R I S 

*Oxacillin 1ug - - ³ 20

Erythromycin 15ug £ 15 16-20 ³ 21

Tetracycline 30ug £ 18 19-22 ³ 23

NCCLS Table
eg. Streptococcus pneumonia



Mechanisms of resistance



The origins
n Over their millennia of existence, 

bacteria always confronted organic 
structures that affected their growth

n To survive ... acquired resistant genes

n These R genes should not have appeared 
in the clinical setting



The biology of resistance 
Transfer of genes
Ø Mutation 
Ø Acquired

Ø Plasmids
Ø Chromosomal

Ø Within the same species
Ø Between different species



The biology of resistance
A. Clonal spread

B. Plasmid transfer

C. Plasmid and 
transposon spread

D. Resistance gene mobilization 
by transposition from plasmid to 
chromosome

Chromosome

Plasmid
Transposon



Resistance selection

Antibiotic X
Antibiotic X

10 days



Ecology of antibiotics



n 40 y/o lady
n HTN, DM, PVD, CRF, foot infections
n Recurrent foot infections: MSSA, MRSA

n Vancomycin, gentamicin, levofloxacin, clindamycin,…
n April 2002: MRSA sepsis & graft infection
n June 2002: VRSA + VRE exit site infection of CV 

catheter

NEJM April, 2003



VRSA…
n Planter ulcer swab: VRSA + VRE
n Contacts screen: negative
n VRSA + VRE share the same vanA gene
n VRSA isolate was identical to:

n MRSA from patient’s nasal nares
n MRSA from patient’s close friend

NEJM April, 2003









Surveillance systems
n SENTRY (Longitudinal national and international 

program)
n EARSS (European Antimicrobial Resistance 

Surveillance System)
n NNIS (National Nosocomial Infection Surveillance)
n SCOPE (Surveillance and Control of Pathogens of 

Epidemiologic Importance)
n ICARE (Intensive Care Antimicrobial Resistance 

epidemiology)



SENTRY 1997-2002
n Blood Stream Infections 
n 81,213 isolates
n North America, Europe, Latin America
Ø Gram +ve in US vs. Gram –ve in Europe
Ø R more common in nosocomial and ICU 

than community settings 

Diagnostic Microb Inf  Dis 2004 
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EARSS Program 1999-2002
Invasive S. pneumoniae resistance trends

n 26 European countries
n 22 277 isolate
n Blood 93%, CSF 7%
n R highest in Mediterranean 

J Antim A Chem  Nov. 2004
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J Antim A Chem  Nov. 2004
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J Antim A Chem  Nov. 2004



NNIS
ICU infections and Resistance
300 hospitals in USA

Am J Inf Control Dec 2004



Resistance to Imipenem

Clin Inf Dis 2000



Resistance to S typhi



Common resistant bacteria  
n MRSA
n CoNS
n VRE
n E. coli
n P. aeroginosa
n Enterobacter spp
n S. pneumoniae
n Klebsiella spp
n Acinetobacter spp
n N. gonorrhea
n S. typhi



Costs of resistance

n Double hospital stay
n Double mortality
n Double morbidity
n Higher financial cost 

n $4 billion annually-US
n Change in the ecology and flora



Mortality of S. aureus with time



Outcome…
e.g. Pseudomonas aerugenosa infection

Outcome
Resistance at 
baseline (RR)

Emergence of 
Resistance 
(RR) 

Mortality 1.3 3.0

Length of 
hospital stay

1.0 1.7

Arch. Int. Med. May, 1999

• 489 patients
• Emergence of R in 6.1% 



Outcome …
eg. Pneumococcal pneumonia
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Antimicrobial use in agriculture
n Restricted in Europe
n Allowed in USA
n Source for resistance 
n Infects humans

n Directly
n Indirectly (food supply)



Antimicrobial consumption

Non therapeutic uses
(agricultural)
27.5 million lb

Therapeutic
(agricultural)
2 million lb

Humans
3 million lb

Creams-soaps-disinfectants
1.5 million lb

Clin Infect Dis 2000



What to do?
n Surveillance systems
n Isolation
n New therapeutic approaches

n Improve use of antibiotics
n Develop new antibiotics
n Better diagnostics
n Vaccines 



Control
n Restricted hospital formularies

n Antibiotics with resistance problems
n The best control measure

Restricted Not restricted
Imipenem Piperacillin
Gentamicin Amikacin
Ciprofloxacin Quinolones (except Ciprofloxacin)
Ceftazidime 3rd ceph (except ceftazidime)

Ampicillin Cefepime

eg:

Med Clin N. Amer. Nov. 2000



Boucher,  CID 2013



Boucher,  CID 2013



Conclusion
n The highly disease oriented focus of modern 

medicine has hindered a clear perception of 
the enormity nature of resistance, which 
suffers from an “identity crisis”. Resistance is 
a nameless cloud that looms over otherwise 
uncontrollable infections, but lacks the 
powerful status of a readily identifiable 
disease state to spur large scale efforts of 
control.

Nature medicine, Dec 2004 

DR. STUART LEVY



Conclusion
§ I think it’s very, very serious. This decade has seen 

the emergence of bacteria that are resistant to all 
but one drug or even bacteria that are resistant to 
every drug. We’ve never experienced that in the 
history of antibiotics, …. What it means, I think, is 
that we’re just seeing a beginning and what worries 
me is that there are few patients suffering from 
these almost untreatable infections now, that the 
future will show us many, many more.

DR. STUART LEVY


