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Question 1: 
What is the current practice of surveillance cultures at your ICU?

• No surveillance cultures are taken 
• Surveillance cultures are only taken when outbreak of MDR
• Surveillance cultures are taken upon admission only
• Surveillance cultures are taken upon admission and then once 

weekly during ICU stay
• Surveillance cultures are taken upon admission and then 

twice or more weekly during ICU stay



Question 2: 
Do you use surveillance cultures for infection control purposes 
at your ICU (what practice fits best with the situation at your 
ICU)?
• We use diagnostic cultures only as a guidance for patient 

cohortation/barrier precautions
• We use diagnostic cultures as daily guidance, and use 

surveillance cultures in case of MDR outbreak
• We use regular surveillance cultures as a guidance for barrier 

precautions/ patient cohortation 
• We use surveillance cultures on admission only as a guidance 

fo barrier precautions/patient cohortation



Question 3: 
Do you use surveillance cultures for guidance of empirical 
therapy at your ICU? (what practice fits best with the situation at 
your ICU)?
• We use regular surveillance cultures as a strategy for 

guidance of empirical therapy
• We use surveillance cultures for infection control purposes; 

when available, surveillance cultures are used to modify 
empirical therapy

• We use surveillance cultures for infection control purposes: 
surveillance cultures are not taken into account for choice of 
empirical therapy

• We do not use regular surveillance cultures



Microbiological surveillance

• Surveillance
– Definition: monitoring of behaviour, 

activities or other changing information 
of individuals/organism/system

• Microbial surveillance
– Definition: continual, systematic 

collection, analysis and interpretation of 
microbiologica data 

– Aim: planning, implementation and 
evaluation of infection control practices 
and/or treatment strategies



Microbial surveillance
• Level:

– Geographic: 
• Data: infection burden, trends in resistance, emergence and spread of new 

resistance mechanisms
• Aim: guidance of healthcare policy, alerts, development and adaptation of 

(supra)national guidelines
– Institutional

• Data: infection rates (benchmark), local trends in resistance, import and 
spread of new resistance mechanisms

• Aim: Guidance and evaluation of infection control strategies, detection of 
outbreaks, development and adaptation of local formulary

– Patient
• Data: colonization status, infection status
• Aim: Guidance of barrier precautions, guidance of (empirical) antibiotic 

therapy

MRSA CA-resistant
Klebsiella

European Antimicrobial Resistance Surveillance Network



Microbial surveillance
• Level:

– Institutional
• Data: infection rates (benchmark), local trends in resistance, import and spread 

of new resistance mechanisms
• Aim: Guidance and evaluation of infection control strategies, detection of 

outbreaks, development and adaptation of local formulary



Microbial surveillance
• Level:

– Patient
• Data: colonization status, infection status (MDR strain)
• Aim: Guidance of barrier precautions, guidance of (empirical) antibiotic therapy



Microbiological cultures for 
surveillance

• Diagnostic cultures: 
– Sampled upon clinical suspicion of infection
– Targeted at focus of infection, ‘deep sites’, avoidance of 

‘contaminated’ sites
– Aimed to document infection (probability and site) and to 

modify empirical antibiotic therapy
• Surveillance cultures:

– Sampled upon regular basis, regardless of clinical suspicion 
of infection

– Targeted at preferentially colonized sites, ‘superficial sites’
– Aimed to document colonization for infection control 

practice and/or for anticipation of possible infection



Ill patients get colonized by pathogens…

• Valenti et al.: Factors predisposing to 
oropharyngeal colonization with Gram-
negative bacilli in aged. N Engl J Med 298 
1978
– 407 patients >65y, none received AB
– Oropharyngeal colonization Gram-negative 

pathogens in 9% outpatients vs. 60% hospitalized 
patients

– More colonization if urinary incontinence, 
deterioration general status, dependency, bed-
ridden



Colonization precedes nosocomial infection (VAP)



Colonization precedes nosocomial infection (VAP)

colonization

Ventilator associated tracheo-
bronchitis (VAT)

peribronchial
pneumonitis

ARDS
MOF

bacteremia

Rouby 1992
Craven Chest 2009

Ventilator-associated 
pneumonia



Selection of antibiotic resistant pathogens in 
‘colonization’ site

Antibiotic therapy



Spread of antibiotic resistant pathogen from one colonization 
site to another



From colonization to infection…



Diagnostic cultures versus surveillance cultures

Diagnostic cultures



Diagnostic cultures versus surveillance cultures

Diagnostic cultures

Surveillance cultures



Limiting spread of antibiotic resistant pathogen by 
early detection of ‘carriers’?

Surveillance cultures

Diagnostic cultures



Prediction of nosocomial infection by antibiotic 
resistant pathogen?

?

Surveillance cultures

Diagnostic cultures

Diagnostic cultures

Surveillance cultures



Are surveillance cultures helpful in 
limiting spread of MDR pathogens?



Surveillance cultures to limit spread of 
MDR pathogens 

• During outbreaks: 

– surveillance cultures essential component of multifaceted 
strategy…



Surveillance cultures to limit spread of MDR pathogens 

• During outbreaks: 
• surveillance cultures essential 

component of multifaceted 
strategy…



Surveillance cultures to limit spread of MDR pathogens 

• CDC 2008 (Management of multidrug-resistant pathogens in healthcare settings): 

‘V.b;: Intensified interventions to prevent MDR transmission’

►“Develop and implement protocols to obtain active surveillance cultures (ASC) for targeted 
MDROs from patients in populations at risk “

– V.B.5.b.i.   Obtain ASC from areas of skin breakdown and draining wounds. In addition, include the 
following sites according to target MDROs: 

– V.B.5.b.i.1.   For MRSA: Sampling the anterior nares is usually sufficient; throat, endotracheal tube 
aspirate, percutaneous gastrostomy sites, and perirectal or perineal cultures may be added to increase 
the yield. Swabs from several sites may be placed in the same selective broth tube prior to 
transport.(117, 383, 384) Category IB 

– V.B.5.b.i.2.   For VRE: Stool, rectal, or perirectal samples should be collected.(154, 193, 217, 242) 
Category IB 

– V.B.5.b.i.3.   For MDR-GNB: Endotracheal tube aspirates or sputum should be cultured if a respiratory 
tract reservoir is suspected, (e.g., Acinetobacter spp., Burkholderia spp.).(385, 386) Category IB. 



Surveillance cultures to limit spread of 
MDR pathogens 

• Outside outbreak periods: ?
– prerequisites

• Endemicity: not too rare, not too common…
• ‘threat’, priority: search and destroy…
• Horizontal spread
• Low rate of infection to carrier: tip of the iceberg…
• Preferential colonization sites missed by clinical 

cultures: e.g. nares, perineum



Surveillance cultures to limit spread of  
MDR pathogens outside outbreak

• Prerequisites: MRSA
– Endemicity: +
– Threat, priority: +
– Horizontal Spread: +
– Low rate of infection to carrier: +

• MRSA nasal carriage at ICU admission: PPV MRSA infection of 11% 
(Kollef Crit Care Med 2010)

– Carrier sites missed by clinical cultures: +
• Routine admission screening for MRSA reveals a much larger 

reservoir than clinical cultures alone (Lucet 2003, Eveillard M 2005, 
Huang 2007)



Chaberny J Antimicrob Chemother 2008



Surveillance with clinical cultures 
only would have identified 18% of 
patient MRSA days

Robicsek Ann Intern Med 2008



Harbarth JAMA 2008



Surveillance cultures to limit spread of 
MDR pathogens:MRSA

• Cookson et al. Int J Antimicrob Ag (European 
consensus conference) 2011
– In environment where MRSA is endemic, universal 

or targeted screening of patients to detect 
colonization is essential pillar of any MRSA control 
program

– Depending on incidence – resources
• Universal or targeted screening?
• Decolonizing carriers?
• Screening of staff?



Surveillance cultures to limit spread of MRSA: 
who to screen?

Cookson Int J Antimicrob Ag 2010



Surveillance cultures to limit spread of 
MDR pathogens:MRSA

◄Rapid molecular tests vs. no test

Rapid molecular test vs. 
surveillance culture alone ►

Taconelli Lancet Infect Dis 2009



Surveillance cultures to limit spread of 
MDR pathogens outside outbreak

• Prerequisites: ESBL
– Endemicity: +
– Threat, priority: +
– Horizontal Spread: ?

►Epidemiology of nosocomial ESBL-infection
– Patient-to-patient transmission is important factor in acquisition of 

ESBL Enterobacteriaceae (Harris 2007,  Lautenbach 2001) – no 
(Gardam 2002) or few (Gobel 2005, Harris 2007) clinical ESBL 
infections result from patient-to-patient transmission

– Antibiotic use is the main risk factor for ESBL infection or 
colonization (Lautenbach 2001, Hyle 2007, Harris 2007)



Surveillance cultures to limit spread of 
MDR pathogens outside outbreak

• Prerequisites: ESBL
– Low rate of infection to carrier: +
– Carrier sites missed by clinical 

cultures: +
►Rectal surveillance cultures increase the 

number of detected ESBL-carriers, ESBL-
carriage occurs outside high risk settings, 
overall ESBL-prevalence increased >4fold 
in 5 years (Reddy 2007)

►Optimal screening strategy?
– Anatomical site: perineal vs. rectal vs. 

stool
– Screening strategy: ceftazidime disc vs. 

cefotaxime disk vs. cefpodoxime vs. 
combination of disks)



Surveillance cultures for infection-control purposes outside 
outbreak periods: Gram-negative MDR pathogens: ESBL

1 Questionnaire: 23/33 ICU’s; only 3 
screened GI tract, perineal (2) vs. 
rectal (1)



Surveillance cultures for infection-control purposes outside 
outbreak periods: Gram-negative MDR pathogens: ESBL

2 Only 3 out of 5 
patients with ESBL 
bacteremia had positive 
surveillance cultures…



Emerging problem:

Carbapenem resistance…



Surveillance cultures to limit spread of 
carbapenemase-producing Enterobacteriaceae

• Calfee et al. Infect Control Hosp Epidem 2008
– Mount Sinai Hospital, New York, 2005-2007
– Screening upon ICU admission, once weekly in half of ICU’s
– Perineal swab, McConkey agar with ertapenem disk (+ 

imipenem E-test as confirmation)
– 2% of 11.236 patients colonized with carbapenem-

resistant Klebsiella pneumoniae, in 37%-53% first detected 
by surveillance culture, 3x more detection if weekly 
screening

– Prevention of 1.396 unprotected patient and staff 
exposure days…



Surveillance cultures to limit spread of MDR pathogens: 
conclusions

• Outbreaks: yes
• MRSA: probably yes, screening may be more important than 

screening method
• ESBL Enterobacteriaceae:

– More evidence needed
– Site?
– Technique?
– In whom?



Are surveillance cultures helpful in 
guiding empirical antibiotic therapy?



Colonization precedes VAP

• Delclaux et al. Am J Respir Crit Care Med 1996
– 50 patients with ARDS
– Repetitive sampling of lower airways (plugged 

telescoped catheter) and quantitative cultures, 
BAL if suspected VAP

– 16 of 24 (66%) VAP episodes preceded by 
colonization by same pathogen (2-6d), only 2 of 
18 episodes of colonization not followed by VAP



Surveillance cultures as a guide to empirical 
therapy: earlier reports disappointing

• Hayon et al. AJRCCM 2001
• 125 episodes of microbiologically confirmed VAP, 220 pathogens
• 5576 prior microbiological specimens, 732 surveillance cultures



Surveillance cultures as a guide to empirical therapy: 
earlier reports

• Hayon et al. Am J Respir Crit Care 2002 

• No systematic 
surveillance, use of 
clinical cultures

• Better correlation VAP 
culture and preceding 
culture in patients with 
>15d MV (49%)  and if 
specimen available 
<72h (56%) before VAP 
onset



Surveillance cultures as a guide to empirical therapy: 
earlier reports disappointing

• Bouza Crit Care Med 2003
• 356 cardiac surgery patients, 28 episodes of VAP
• 1626 surveillance samples (4.5 samples per patient)
• 1 VAP pathogen predicted by surveillance culture, 
• However

– Low rate of SC: following extubation, after 3d, once weekly if 
prolonged MV: median interval SC-VAP 4.3d (2-7d)

– Low incidence of VAP caused by ‘nosocomial pathogens’ (10 
episodes)



Better prediction of more intensive surveillance 
protocols?

• Surveillance cultures at the ICU of Ghent University Hospital
– Aims

• Primary aim (1980s): containing outbreak of ESBL Klebsiella pneumoniae by early detection of colonization 
by ESBL producing strains

• ‘Exaptation’ (1990s-2008): incorporated in antibiotic strategy as ‘upfront’ microbiological information

– Protocol
• Frequency

– Upon admission (prior hospitalization, referral from other hospital/ICU/nursing home): 
oral/nasal, urinary, rectal swab

– During ICU stay
» All patients: oral and faecal 1x/week, urinary 3x/week
» Intubated patients: oral and faecal 1x/week, urinary 3x/week + endotracheal 

aspirate 3x/week
• Pathogens: MDR pathogens in oral/nasal/faecal cultures, all pathogens in 

endotracheal aspirate and urinary culture
• Techniques: Semiquantitative culture in endotracheal aspirate and urinary culture, 

qualitative in oral/nasal/faecal



Better prediction of more intensive surveillance 
protocols?

• Blot et al. Infect Control Hosp Epidem 2005
– Retrospective evaluation of 157 episodes of bacteremia caused by

MDR pathogens 



Better prediction of more intensive surveillance 
protocols?

• Depuydt et al. Intensive Care Med 2007
– Prospective evaluation of 199 episodes of microbiologically confirmed VAP 

(2004-2006), MDR involved in 86 (43%) 



Better prediction of more intensive surveillance 
protocols?

• Depuydt et al. Intensive Care Med 2007



Better prediction of more intensive surveillance protocols?

Depuydt et al Intensive 
Care Med 2007



• Michel Chest 2005
– Prospective study in 229 patients ventilated >48h, 41 

episodes of VAP
– SC (ETA) 2x weekly

Surveillance cultures as a guide to empirical therapy: 
more recent reports



Surveillance cultures as a guide to empirical therapy: 
more recent reports

Concordance between pathogens recorded from BAL and SC (ETA)

Positive BAL culture

EA-pre MV≤5d (n=11) MV>5d (n=29)

Identical 9 (82) 25 (86)

Differing 2 (18) 4 (14)

Michel Chest 2005



Surveillance cultures as a guide to empirical therapy: more 
recent reports

Adequate antibiotics 95% 83% (p=0.15) 68% (p=0.005)

Michel Chest 2005



Surveillance cultures as a guide to empirical therapy: more recent reports

• Malacarne Infect Control Hosp Epidem 2007
• 20 episodes of Acinetobacter baumannii VAP
• 18 predicted by SC (sensitivity 90%, NPV 96%)

• Boots Respirology 2008
• 58 episodes of VAP in 50 patients
• SC 3x/week by blinded mini-BAL
• 85% concordant pathogens VAP vs. SC 2d earlier, antimicrobial 

susceptibility stable for up to 4d
• No benefit of quantification 



Surveillance cultures as a guide to empirical therapy: more recent reports

• Jung Intensive Care Med 2006
• 113 episodes of VAP
• Routine 1x weekly SC (ETA)
• SC-guided AB adequate in 85%, compared to 73% (ATS guidelines) 

and 81% (Trouillet guidelines)

• Bagnulo Crit Care 2007 (abstract)
• 118 episodes of VAP
• Routine 2x weekly SC (ETA)
• 63% full concordance SC-BAL,14% partial concordance SC-BAL, 

80% full concordance SC-BAL if MDR pathogen



Predictive value of systematic surveillance cultures on microbial etiology of VAP

Study # cases Sampling frequency Microbial etiology of VAP

with VAP Sampling type preceded by detected colonization

Johanson 1972 26 /24-48h (5-7d) 84%  prior colonization
oropharyngeal

Delclaux 1997 24 /48-72h 66% true positive
protected LRT 8% false positive

Ewig 1999 19 /24h (≤ 4d) /72h (>4d) 75%-88% prior colonization
nasal, orophar, trach

Cardenoso 1999 25 /24h 88% prior colonization
orophar, trach

Bertrand 2001 184 /7d 56% prior colonization (P.aeruginosa)
nose, rect,trach

Hayon 2002 125 /7d 33% true positive
orophar, rect, trach? >50% false positive

Bouza 2003 28 /7d <5% true positive
orophar, rect, trach

Rello 2003 18 48h before tracheotomy 69% true positive
<25% false positive

Depuydt 2006 112 /7d orophar, rect, ur 70-88% true prediction
/48-72h trach 15-46% false prediction

Michel 2006 41 /72h 83% true prediction
tracheal 5% false prediction

Berdal 2007 179 /48-72h 95% (simultaneous orophar-trach)
orophar, trach 27% false positive

Bagnulo 2007 118 /72h 60% (80% MDR) true positive
trach 11% false positive

Depuydt 2007 199 /7d orophar, rect, ur 69-82% true prediction
/48-72h trach 4-9% false prediction

Malacarne 2007 20 /72h 90% (Acinetobacter baumannii)



Surveillance cultures as a guide to empirical therapy: 
conclusions

• SC may predict 70-90% of (MDR) pathogens in ICU-acquired 
infection (>VAP, bacteremia) provided that a regular sampling 
scheme (≥2 weekly) is applied

• Diagnostic culture results still mandatory

• Guidance of empirical therapy by SC may allow high rates of 
early appropriate antibiotic therapy (≥ current ‘best practice’
(guidelines)) with less antibiotics



Thank you


