
Challenges with MDR Organisms 
in ICU







ABx Resistance in the Middle East 

Egypt
ESBL E.coli                                   60% 

Enterobacteriacae                       38.5%

MRSA                                             45%

Iran
MRSA                              54%

VRE                                 10%

Saudi Arabia
MRSA                                     12-49%

All ESBL                                 40%

E.coli                                 15-20%

Klebsiella spp.                  50+%

Jordan

ESBL Klebsiella spp.                   60%

E.coli                                   30%

MRSA                                             60%

Lebanon

ESBL E.coli & Klebsiella spp       30%

MRSA                                             10%



Resistant Strains
Rare

Resistant Strains 
Dominant

Antimicrobial 
Exposure 

Selection for Antimicrobial-
Resistant Strains



No ESKAPE

E=Enterococcus faecium

S=Staphylococcus aureus (StenotrophomonasM.)

K=Klebsiella pneumoniae

A=Acinetobacter baumanni

P=Pseudomonas aeruginosa

E=Enterobacter species

CD =Clostridium Difficile 





Time to Nosocomial BSI

Wisplinghoff H, Edmond MB et al. Clin Infect Dis. 2004 Aug 1;39(3):309-17

Acinetobacter

BSI tends to 

be a late 

onset, hospital 

acquired 

phenomenon



Mechanisms of Resistance: Efflux
ÅActive, energy dependent pumps can also cause 

efflux of drugs





National Nosocomial Infections Surveillance (NNIS) System data, 1989ï1999

Nosocomial Enterococci Resistant to 
Vancomycin in USA
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Carbapenem Resistance: 
Mechanisms

Enterobacteriace
ae

Cephalosporinase + porin loss

Carbapenemase

P. aeruginosa Porin loss

Up-regulated efflux

Carbapenemase

Acinetobacter
spp.

Cephalosporinase + porin loss

Carbapenemase



No ESKAPE

E=Enterococcus faecium

S=Staphylococcus aureus (StenotrophomonasM.)

K=Klebsiella pneumoniae

A=Acinetobacter baumanni

P=Pseudomonas aeruginosa

E=Enterobacter species

CD =Clostridium Difficile 





MMWR Morb Mortal Wkly Rep 2002;51:565ï567

Evolution of drug resistance in S. Aureus

S. aureus
Penicillin-resistant

S. aureus

Penicillin Methicillin

1950s 1970s

Methicillin-resistant
S. aureus (MRSA)

Vancomycin-resistant
enterococci(VRE)

Vancomycin

Vancomycin-
intermediate

S. aureus(VISA)

Vancomycin
-resistant

S. aureus(VRSA)

1990s1997

2002



European Antimicrobial Resistance Surveillance System (EARSS) Report 2008.

*Did not report any data, or reported < 10 isolates

In 2008, 13 European countries reported that 
aw{! ŀŎŎƻǳƴǘŜŘ ŦƻǊ җ 25% of all S. aureus

isolates



MRSA is an important cause of infection in 
the hospital and in the community

Styers D, et al. Ann Clin Microbiol Antimicrob 2006, 5:2.

Staphylococcus aureus isolates from 300 

clinical laboratories across the USA
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MDRSA

VRSAMRSA

mecA gene vanA gene



ФтϸЊϠ ϣжϝЛϦЂъϜ



Vancomycin resistance

ÅVan A: high level resistance to Vanco (>64). 
Transposon (Tn 1546). Inducible, D-Ala-D-Lac

ÅVan B: high level resistance to Vanco, not 
teicoplanin, inducible, D-Ala-D-Lac

ÅVan C: low level resistance to vanco, susc. 
Teicoplanin, nontransferable species specific genes 
( E. gallinarum- Van C1; E. casseliflavus- Van C2), D-
Ala-D-Ser

ÅVan D: acquired, D-Ala-D-Lac, mostly faecium

ÅVan E: acquired, D-Ala-D-Ser, faecalis



Many ICUs have reported high proportions of MRSA 
among Staphylococcus aureusisolates

Prevalence of MRSA among S. aureus isolated from ICU patients, globally and 

by region*

Vincent JL, et al. JAMA 2009: 302;2323ï2329.
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*2007, 1265 ICUs from 75 countries

Region (number of S. aureus isolates)



ÅOlder age, 

ÅProlonged hospitalization or previous antimicrobial therapy

ÅUrinary catheterization

Å Intravenous drug use

ÅUnderlying conditions such as diabetes mellitus and certain skin 
conditions (eczema and psoriasis)

ÅHemodialysis or continuous ambulatoryperitoneal dialysis

ÅPrevious surgery and the use of invasive devices

Risk factors for hospital-acquired MRSA

Ratnaraja N & Hawley PM. Expert Rev Anti Infect Ther 2008; 6:601ï18. 



Spreading to community
and breading a nee strain in the 

community 



In the past an MIC of <4 was considered a sensitive MRSA strain to 

Vancomycin. But this breakpoint has been changed



MRSA Transmission



No ESKAPE

E=Enterococcus faecium

S=Staphylococcus aureus (StenotrophomonasM.)

K=Klebsiella pneumoniae

A=Acinetobacter baumanni

P=Pseudomonas aeruginosa

E=Enterobacter species

CD =Clostridium Difficile 





Initial Infection 



2-3 weeks later



No ESKAPE

E=Enterococcus faecium

S=Staphylococcus aureus (StenotrophomonasM.)

K=Klebsiella pneumoniae

A=Acinetobacter baumanni

P=Pseudomonas aeruginosa

E=Enterobacter species

CD =Clostridium Difficile 







Impact of ESBLs

ESBLs

Increased 

healthcare 

costs

Higher

mortality

rates

Longer

hospital

stays

Emerging

in the

community

Lautenbach et al 2001; Schiappa et al 1996



b-lactamases 
Important types of b-lactamases:

ÅESBLs

ïmainly in Klebsiella spp., Escherichia coli, Proteus 
spp.

ïincreasing in Enterobacter spp., Pseudomonas spp.

ÅAmpC (Group 1)

ïintrinsically produced by Enterobacter spp., 
Serratia spp., Citrobacter freundii, Providencia
spp., P.aeruginosa, Morganellaspp.



ESBLs
ÅESBLs lead to increased MICs to third-generation 

cephalosporins, aztreonam and sometimes 
cefepime/cefpirome

ÅGenes encoding ESBLs are carried on plasmids that also 
encode resistance to aminoglycosides and 
trimethoprim/sulfamethoxazole

ÅThe main treatment is carbepenesm : Imipenem, meropenem

Paterson et al. Clin Infect Dis 2000;30:473ï478

Lautenbach et al. Clin Infect Dis 2001;33:1288ï1294

Babini & Livermore. J Antimicrob Chemother 2000;45:183ï189



Bacteria is still smarter





ÅThis is a very danger organisms, without a sensitive 
antibiotics it will kill the patient

ÅWe should keep this type of organism out from our 
ICU 



No ESKAPE

E=Enterococcus faecium

S=Staphylococcus aureus (StenotrophomonasM.)

K=Klebsiella pneumoniae

A=Acinetobacter baumanni

P=Pseudomonas aeruginosa

E=Enterobacter species

CD =Clostridium Difficile 



Å



Acinetobacterspp Skin 
Colonization

Body site

Hospitalized 
patients (n=40)

Healthy controls 
(n=40)

Forehead 33% 13%

Ear 35% 7%

Nose 33% 8%

Throat 15% 0%

Axilla 33% 3%

Hand 33% 20%

Groin 38% 13%

Perineum 20% 3%

Toe web 40% 8%

Any site 75% 42.5%
Seifert H et al. J Clin Microbiol 1997;

35:2819-2825.
A. baumanii isolated from 2 patients & 1 control only



Hospital sources

ÅHands of staff

ÅVentilators

ÅHumidifiers

ÅOxygen analysers

ÅRespirometers

ÅBronchoscopes

ÅLotion dispensers

ÅBed frames

ÅRubbish bins

ÅSinks

ÅAir supply

ÅJugs

ÅBowls

ÅSoap

ÅHand cream

ÅPlastic screens

ÅBed linen

ÅService ducts /dust

ÅBedside charts

ÅPatients



Evidence for Airborne Transmission of 
Acinetobacter

ÅSedimentation plates placed in 7 ǇŀǘƛŜƴǘǎΩ ǊƻƻƳǎ ǿƛǘƘ 
respiratory infection or colonization

Brooks SE et al. Infect Control Hosp Epidemiol 2000;21:304.
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Inflammatory Response to A. baumanii
Nosocomial Bloodstream Infection

Sepsis

55%

Severe sepsis 

21%

Septic shock

24%

N=42

Garcia-Garmendia J-L et al. Clin Infect Dis 2001;33:939-946.
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Alarming Increase in Rate of QuinoloneResistance in 
P. aerugniosa

Fluoroquinolone-resistant 
Pseudomonas aeruginosa

Non-Intensive Care Unit Patients

Intensive Care Unit Patients

Source: National Nosocomial Infections Surveillance (NNIS) System



 буϪϜϽϯЮϜ пЯК ̭ϝЏЧЮϜ ЭϡЂ скϝв дъϜм

̬̬ ϢϹзЛгЮϜ

ÅIn summary MDR organisms are increasing 
and significantly increasing mortality and 
morbidity in the Intensive care Unit.

ÅSo how we can fight back ?







ϣЃуϚϽЮϜ ϣЧтϽГЮϜ

 дК ϣтЎϝЧЮϜ ϣϠϼЎЮϝϠ аϝϦЮϜ ̭ϝЎЧЮϜ

аϜϸ϶ϦЂϜ ФтϼА

 ̪ϱтϲЊЮϜ рмтϲЮϜ ϸϝЎвЮϜ

 ̪ϱтϲЊЮϜ ϤЦмЮϜ сТ

 ̪ϣϲтϲЊЮϜ ϣКϼϮЮϝϠ

̪ϱтϲЊЮϜ ФϼАЮϝϠм

ϣϲтϲЊЮϜ ϢϸвЮϜм).. ЬмА АϼϦІт ъ

ϢϼϦУЮϜ (



FIRST: Getting it Right First Time

This data demonstrates that CORRECT 

antibiotic prescribing SAVES MORE LIVES 

THAN

Activated Protein C

Tight glucose control

Low volume ventilation

Low dose steroids in sepsis

Mixed venous O2 monitoring



Antimicrobial resistance:

an important clinical problem

in the hospital setting

Optimise bacterial killing potential

= DEAD BUGS (donôt mutate)

Problems of Underdosing 
Antibiotics



One: clean



Improved Patient Outcomes    
Associated with Proper Hand 

Hygiene

Ignaz Philipp 

Semmelweis

(1818-1865)

Chlorinated Lime Hand Antisepsis

Adapted from CDC. Prevent Antimicrobial Resistance: A Campaign for Clinicians. April 2002. 



Hand Hygiene





Number 2

ÅA strong & 
empowered 
infection 
control service



Do not tell me that you will not touch the patient



Opportunities for cross 
transmission are multiple

http://images.google.com/imgres?imgurl=http://www.cellularmouldings.co.uk/Images/CamodeChair_324.gif&imgrefurl=http://www.cellularmouldings.co.uk/polurethane_pu_products.htm&h=456&w=324&sz=43&tbnid=tOtyq_rwa7UJ:&tbnh=124&tbnw=88&start=2&prev=/images%3Fq%3Dcamode%26hl%3Den%26lr%3D


Contact Precautions for infected 

and colonized patients





STOP

Gown

For Contact with 

Patient, Environmental 

Surfaces or Items in 

Room

Gloves

To Enter  the Room
Wash Hands or use Alcohol hand 

Rub

on    Entering and 

Leaving Room



ÅActive and routine 
surveillance to find 
where are your bugs





ÅClosely monitor how the rooms 
are cleaned in between patients, 
and support your team









Number 3: ANTIMICROBIAL 
STEWARDSHIP

ÅA system of informatics, data collection 
methods, personnel, and policy / procedures 
which promotes the optimal selection, dosing, 
and duration of therapy for antibiotics




