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Deaths due to infection among US soldiers 
in four wars 

Source: US Army Medical Department, Office of Medical History 



Causes of death in Ireland,  
1926 - 2006 

Data source: Society of Actuaries in Ireland 2011 



Deaths by age group in Irish males 

Data source: Society of Actuaries in Ireland 2011 







Development of antibiotics, and 
antibiotic resistance 



Countries reporting carbapenem-resistant 
Klebsiella bloodstream infections in Europe 

Data source: EARS-Net (report generated from data submitted to TESSy, The European 
Surveillance System on 2014-05-02) 
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Carbapenem-resistant Klebsiella (CRE) 
in Italy 

Data source: GM Rossolini, ARHAI Network Meeting, Berlin, Dec 2012  



Mortality associated with CRE 
bloodstream infections 



Why are the resistant Gram negatives 
on the rise? 

• Very efficient colonisers 

– Gut 

– Pharynx 

– Urinary tract 

• Very high organism load 

– Facilitates spread 

– Environmental dissemination 

• Colonisation cannot be eradicated 

• ++SELECTION OUT BY ANTIBIOTIC USE 



Impact of antimicrobial resistance 

in hospitals 

• 1900 patients, 93 hospitals 

– Bloodstream infections, ventilator-associated pneumonia 

• Adjusted for severity of illness, etc. 

• Mortality vs. infection with sensitive organism 

              OR 

– MRSA           1.9 

– Ceftazidime-resistant Pseudomonas sp. 3.1 

– Quinolone-resistant Enterobacter sp.  2.3 
           

          Suetens, SHEA 1999 Annual Meeting 

 



Financial Cost of Resistance 

• Need to use more expensive agents 

– Often multiple agents 

– Often more toxic agents 

• Double rate of hospitalisation* 

– Increased length of stay 

• Outbreak control 

• Diagnostic costs 

• Loss of productivity 

• Cost of death? 

– US$1-3 million per premature death 
 

Holmberg et al 1987, Rev Infect Dis 9: 1065-78 



Financial Cost of Resistance 

• Antibiotics=scarce resource 

– Consumption (current use) decreases 

effectiveness (future value) 

• Net economic impact of resistance 

– Attributable cost of treating resistant 

infections minus cost of preventing 

resistant infections 
 

 

McGowan 2001, Emerg Infect Dis 7: 286-92 



Unrecognised Cost of Resistance 

• Antibiotic use in one patient imposes costs 
on other patients 

• Local persistence of resistant organisms 

– Cost of over-use this year=sum of all future 
costs of dealing with resistant organisms 

• Excess cost of US$5-50 per individual dose 

– Underestimate? 

• US$150 million-$30 billion annually 

 
Phelps 1989, Med Care 27: 194-203 



Aspects of modern medicine not 

possible without antibiotics 



Projected AMR-related global 
mortality in 2050 

Image source: 
Review on 

Antimicrobial 
Resistance, HM 

Government UK, 
December 2014  



Projected AMR-related global 
mortality in 2050 

Image source: Review on Antimicrobial Resistance, HM Government UK, December 2014  



Could we return to pre-antibiotic era? 

• Well……………..yes and no………… 

• Impact of AMR offset by health measures 

– Clean water 

– Vaccination 

– Safe food 

– Infection prevention and control  

• But will not eliminate impact 
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What can we do? 

Source: CDC 



New vaccines? 

• Group A Streptococcus 
– 26-valent vaccine, C5a peptidase, fibronectin binding proteins 

etc. 

• Group B Streptococcus 
– Phase II trials of capsular conjugate vaccine 

• Staphylococcus aureus 
– Type 5 and 8 CP with P aeruginosa exotoxin carrier 
– Iron-regulated surface determinant B (IsdB) vaccine 

• Cross-protective Salmonella vaccines 
• Universal influenza vaccine 
• Th17-mediated protection against Gram-negative 

bacilli (including MDR strains)? 
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Improved diagnostics? 

• Mass spectrometry 
– MALDI-TOF 

– PCR-ESI-MS 

• Genome sequencing 

• DNA arrays 

• Inflammatory markers 

• Disease-specific cytokine detection 

• Near to patient testing 
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New therapies? 

• New antibiotics 

• Immune modulation 

• Phage therapy 

• Antimicrobial peptides 

• Biotherapy/probioitcs 

• Stimulating host response 

 

• Antimicrobial stewardship/restriction 
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Cephalosporin resistance after stopping its use 
in poultry, Quebec, Canada 



Selection of resistant strains by sub-
inhibitory concentrations of antibiotics 

Gullberg E, Cao S, Berg OG, Ilbäck C, et al. (2011) PLoS Pathog 7(7): e1002158 



Strengthen infection control? 

• Improved hand hygiene compliance 

• Reduce antimicrobial pollution 

• Strengthen food chain hygiene 

• Expand the role of source isolation in 
hospitals? 
– But need to counteract negative impact of 

isolation on patient care 

• Environmental hygiene technology in 
hospitals? 
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Conclusion 

• The “war” against AMR is an un-winnable one 

– At least not with the way we deploy the 
“weapons” currently at our disposal 

• Best we can do is maintain a “truce” 

– Or at least buy time with currently available 
interventions until new treatments and 
technologies become available 



“The future of humanity and microbes will likely 
evolve as episodes of our wits versus their 
genes”  

        Joshua Lederberg 


