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Why should we care about 
multi-resistant bacteria? 

Clinical impact and
public health implicationspublic health implications

Prof. StProf. Steephan Harbarthphan Harbarth
Infection Control ProgramInfection Control Program
Geneva, SwitzerlandGeneva, Switzerland

and Ebola (in 2014/2015)… and Ebola (in 2014/2015)

What are clinical implications of AMR?

 Treatment failure due to wrong choiceTreatment failure due to wrong choice

Increased morbidity and mortalityIncreased morbidity and mortality

Cure Rates -- Pyelonephritis
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 C. H.C. H. (71) first woman elected lieutenant (71) first woman elected lieutenant 
governor in South Dakota. governor in South Dakota. 

 She had suffered a spinal fracture and 3 broken She had suffered a spinal fracture and 3 broken 
ribs Oct 8 while sailing the Adriatic Searibs Oct 8 while sailing the Adriatic Sea

Deadly MRSA Infection

ribs Oct. 8 while sailing the Adriatic Sea. ribs Oct. 8 while sailing the Adriatic Sea. 
 She underwent surgery in She underwent surgery in Zagreb, CroatiaZagreb, Croatia on Oct. on Oct. 

10, then was hospitalized Oct. 19 during a stop in 10, then was hospitalized Oct. 19 during a stop in 
Switzerland on her way back to the US. Switzerland on her way back to the US. 

 She suffered pneumonia, a bacterial blood She suffered pneumonia, a bacterial blood 
infection, and a series of strokes, which claimed infection, and a series of strokes, which claimed 
her life in her life in Lausanne, SwitzerlandLausanne, Switzerland on October 25, on October 25, 
2007.2007.
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Impact of antibiotic resistance on 
in-hospital mortality

Pathogen OR 95 % CI P 

VRE 2.1 1.0 - 4.4 .04 

Pseudomonas spp 3.0 1.2 - 7.8 .02 

Enterobacter spp 5.0   1.1 - 22.9 .01 

 

 
Carmeli et al, Arch Intern Med 1999; 159: 1127-1132
Cosgrove et al, Arch Intern Med 2002; 162: 185-90
Carmeli et al, Arch Intern Med 2002; 162: 2223-2228

ANTIMICROBIAL RESISTANCE - Global Report on surveillance

WHO report 2014

What are clinical implications of AMR?

 Treatment failure due to wrong choiceTreatment failure due to wrong choice

Increased morbidity and mortalityIncreased morbidity and mortality

 Use of more toxic less efficacious and moreUse of more toxic less efficacious and more Use of more toxic, less efficacious and more Use of more toxic, less efficacious and more 
expensive expensive alternativesalternatives

Example Example Staphylococcus aureusStaphylococcus aureus:  :  
VancomycinVancomycin/Linezolid (MRSA) vs. /Linezolid (MRSA) vs. 
OxacillinOxacillin//CephalosporinsCephalosporins (MSSA)(MSSA)

What are clinical implications of AMR?

 Treatment failure due to wrong choiceTreatment failure due to wrong choice

Increased morbidity and mortalityIncreased morbidity and mortality

 Use of more toxic and less efficaciousUse of more toxic and less efficacious Use of more toxic and less efficacious Use of more toxic and less efficacious 
alternativesalternatives

 Added Added burden of nosocomial infectionsburden of nosocomial infections

MSSA

MRSA
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Acinetobacter Outbreak, Lausanne

 Index Index patientpatient
 SevereSevere burnburn injuriesinjuries, , transfertransfer

fromfrom Bali (Bali (OctOct 2002)2002)
 MultiMulti--R R AcinetobacterAcinetobacter atat

admissionadmission
 OutbreakOutbreak

 SpreadSpread toto 2 2 patientspatients

Patients Environnement 

 6 6 monthsmonths laterlater: 6 : 6 newnew casescases
 ClosureClosure ofof thethe burnburn unitunit

 EnvironnementEnvironnement
 WidespreadWidespread contaminationcontamination: : 

16/161 (10%) positive 16/161 (10%) positive swabsswabs

► Environmental cleaning & disinfection
► Complete replacement of all disposable material

Zanetti G et al. Infect Control Hosp Epidemiol 2007; 28: 723-25

Economic burden of MDROs

 Increased direct costsIncreased direct costs of providing of providing 
care to MDROcare to MDRO--infected patients;infected patients;

 Antibiotic tAntibiotic treatment costsreatment costs for for therapy therapy 
oror empiric coverage of MDRO;empiric coverage of MDRO;or or empiric coverage of MDRO;empiric coverage of MDRO;

 IIndirect costsndirect costs to patients, caregivers, to patients, caregivers, & & 
ddiminished quality of lifeiminished quality of life;;

 Infrastructure and productivity costsInfrastructure and productivity costs
of surveillance, screening and isolationof surveillance, screening and isolation..

Direct costs of MRSA-infections

StudyStudy Type of study Type of study 
((nn, MRSA patients) , MRSA patients) 

Type ofType of MRSAMRSA--
iinfectionnfection

Control groupControl group Attributable Attributable 
costscosts

Abramson, 1999Abramson, 1999 Matched cohort Matched cohort 
study, 8 patientsstudy, 8 patients

bacteremiabacteremia Uninfected Uninfected 
patientspatients

27 080 $27 080 $

Chaix, 1999Chaix, 1999 Matched cohort Matched cohort 
study,study, 27 patients27 patients

mixedmixed Uninfected Uninfected 
patientspatients

9 275 $9 275 $

Kim 2001Kim 2001 Chart reviewChart review mixedmixed UninfectedUninfected 14 360 $14 360 $Kim, 2001Kim, 2001 Chart reviewChart review, , 
20 20 ppatientatientss

mixedmixed Uninfected Uninfected 
patientspatients

14 360 $14 360 $

Rubin, 1999Rubin, 1999 Ecologic study, 2,780 Ecologic study, 2,780 
patientspatients

mixedmixed MSSAMSSA 2 500 $2 500 $

Engemann,Engemann,

20032003

Matched cohortMatched cohort
studystudy, 121 patients, 121 patients

ssurgical site urgical site 
infectioninfection

MSSAMSSA 13 9013 9000 $$

Kopp, 2004Kopp, 2004 Matched cohort Matched cohort 
studystudy,, 36 36 ppatientatientss

mixedmixed MSSAMSSA 3 713 $3 713 $

Cosgrove, 2005Cosgrove, 2005 Cohort study, 96 Cohort study, 96 
patientspatients

bacteremiabacteremia MSSAMSSA 6 900 $6 900 $

What are clinical implications of AMR?

 Treatment failure due to wrong choiceTreatment failure due to wrong choice
 Increased morbidity and mortalityIncreased morbidity and mortality

 Use of more toxic alternativesUse of more toxic alternatives
 Added burden of nosocomial infectionsAdded burden of nosocomial infections
 Possibility of no alternate agents  Possibility of no alternate agents  

(e.g. (e.g. VRSAVRSA, , XDRXDR--TbTb, pan, pan--resistant resistant AcinetobacterAcinetobacter
spp, spp, colistincolistin--resistant NDM & KPC)resistant NDM & KPC)

Overall public health burden and
future societal impact?p
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AffectedAffected people / people / deathsdeaths worldwideworldwide

R. Rappuoli. Nat Med 2004. 
From Pasteur to genomics: progress and challenges in infectious diseases

Recent modelling studies

 Until 2050 Until 2050 ---- AMR may potentially …:AMR may potentially …:

…cause the death of 300 million people…cause the death of 300 million people

…decrease the world gross domestic …decrease the world gross domestic 
product by 2product by 2 3 5% compared to what it3 5% compared to what itproduct by 2product by 2--3.5% compared to what it 3.5% compared to what it 
should beshould be

 Crude predictions based on large Crude predictions based on large 
uncertainty and possible overestimates of uncertainty and possible overestimates of 
the future healththe future health--economic impact of AMReconomic impact of AMR

UK Review on Antimicrobial Resistance. Antimicrobial Resistance: 
Tackling a Crisis for the Health and Wealth of Nations. 2014.

Recent modelling studies (II)

UK Review on Antimicrobial Resistance. Antimicrobial Resistance: 
Tackling a Crisis for the Health and Wealth of Nations. 2014.

Methodological challenges and 
potential confounders

 Problem 1:  Separate the effects of Problem 1:  Separate the effects of 
antibioticantibiotic--susceptible infection vs susceptible infection vs --resistant resistant 
infectioninfectioninfectioninfection

 Problem 2: Adequacy of antibiotic therapyProblem 2: Adequacy of antibiotic therapy
 Problem 3: Severity of illness and Problem 3: Severity of illness and 

underlying diseaseunderlying disease
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• Cohort study, 2005-2008

Lambert et al. Lancet Infect Dis 2011

• 10 countries, 537 ICUs, 119699 pts

• Sophisticated statistical analyses adjusted for the 
timing of events (multistate modelling)

Main findings

 High excess mortality associated with bacteremia High excess mortality associated with bacteremia 
and pneumoniaand pneumonia

 Pseudomonas aeruginosa:Pseudomonas aeruginosa: greatest burden (notgreatest burden (not Pseudomonas aeruginosa:Pseudomonas aeruginosa: greatest burden (not greatest burden (not 
MRSA)MRSA)

 AMR: only a relatively small contribution to the AMR: only a relatively small contribution to the 
overall burden of healthoverall burden of health--care associated infectionscare associated infections

Lambert et al. Lancet Infect Dis 2011

Bacteremia impact

Lambert et al. Lancet Infect Dis 2011

Threat level: URGENT Threat level: SERIOUS
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Projected impact of antimicrobial‐
resistant neonatal sepsis in India

Conclusions

 Consistency of data regarding the impact of antimicrobial
resistance on clinical outcome in most MDRO infections

 Increasing evidence of:

 Increased likelihood of treatment failure Increased likelihood of treatment failure

 Increased morbidity and mortality

 Added disease burden and treatment costs

 Paucity of data regarding the global impact of antimicrobial
resistance on public health (in particular in LMIC)

Thank you for your attention 
and see you at ICPIC in Geneva 

(June 16‐19, 2015)!


