
ProblProbléématique du matique du SepsisSepsis et des Infections et des Infections 
àà PseudomonasPseudomonas aeruginosaaeruginosa dans un dans un 

Centre de BrCentre de Brûûllééss

Dr J. Dr J. PirsonPirson
SSééminaire de Pathologie Infectieuseminaire de Pathologie Infectieuse

UCL UCL -- 26 Avr 200726 Avr 2007

Centre des Grands Brûlés
Bruxelles



22

Decreased Mortality From Major Thermal Decreased Mortality From Major Thermal 
Injury Has Been Due To Advances In:Injury Has Been Due To Advances In:

•• ResuscitationResuscitation

•• Control of InfectionControl of Infection

•• Support of the Support of the 
Hypermetabolic Hypermetabolic 
Response To TraumaResponse To Trauma

•• Early Closure of the Early Closure of the 
Burn WoundBurn Wound
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Burn MortalityBurn Mortality
(TBSA associated with LD50)(TBSA associated with LD50)

Age Groups (years)Age Groups (years)
00--1414 1515--4444 4545--6464 >65>65

Bull & Fisher (1942Bull & Fisher (1942--
52)52)

2807 Patients2807 Patients

4949
n = 1366n = 1366

4646
n = 967n = 967

2727
n = 330n = 330

1010
n = 144n = 144

Bull 1967Bull 1967--7070
1917 Patients1917 Patients

6464
n = 962n = 962

5656
n = 565n = 565

4040
n = 246n = 246

1717
n = 144n = 144

CurreriCurreri & & AbstonAbston 19751975--
7979

1508 Patients1508 Patients

7777
n = 803n = 803

6363
n = 413n = 413

3838
n = 178n = 178

23 23 
n = 114n = 114

SBI/UTMB 1980SBI/UTMB 1980--8989
2164 Patients2164 Patients

9898
n = 1524n = 1524

7070
n = 450n = 450

4646
n = 127n = 127

19 19 
n = 63n = 63

SBI/UTMB 1989SBI/UTMB 1989--
20052005

Patients 1722Patients 1722

9898
n=1083n=1083

8282
n=420n=420

7878
n=152n=152

3535
n=67n=67
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Deaths from SepsisDeaths from Sepsis
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Invasive Burn Wound InfectionsInvasive Burn Wound Infections
19911991--20042004

Admissions:Admissions: 3,8763,876

Patients with Invasive Wound InfectionsPatients with Invasive Wound Infections
Bacterial:Bacterial:

Gram negative bacilli:Gram negative bacilli: 2020
Gram positive Gram positive coccicocci:: 55 2525

Fungal:Fungal: 9090
AspergillusAspergillus sp.:sp.: 4747
MucorMucor sp.:sp.: 1616 6565
Candida sp.:Candida sp.: 22

IncidenceIncidence 2.3%2.3%
MortalityMortality 55/90 (61%)55/90 (61%)
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Increased Deaths from Sepsis Increased Deaths from Sepsis 
Due to Antibiotic Resistant OrganismsDue to Antibiotic Resistant Organisms

19971997--20022002

OrganismOrganism
# # 

DeathDeath
ss

Mean Mean 
% % 

BurnBurn

Mean Mean 
LOSLOS

(days)(days)

Antibiotic Antibiotic 
TreatmentTreatment

FusariumFusarium 77 72%72% 2828 AmphotericinAmphotericin

AcinetobacterAcinetobacter 1414 73%73% 2929 ColistinColistin

Vancomycin Vancomycin 
Resistant Resistant 

Enterococcus Enterococcus 
and Pan and Pan 

Resistant Resistant 
PseudomonasPseudomonas

66 76%76% 3737

Fusarium: 7 deaths out of 8 patients admitted from mass disaster. 
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Mortality associated withMortality associated with
Fungal Infection in BurnsFungal Infection in Burns

•• 30% of Burn Patients Become Colonized 30% of Burn Patients Become Colonized 
With With Candida Sp.Candida Sp. At Some Time During At Some Time During 
Their Acute Hospital Stay.Their Acute Hospital Stay.
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15

20
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Control

*p = 0.004
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Decreased Mortality From Major Thermal Decreased Mortality From Major Thermal 
Injury Has Been Due To Advances In:Injury Has Been Due To Advances In:

•• ResuscitationResuscitation

•• Control of InfectionControl of Infection

•• Support of the Support of the 
Hypermetabolic Hypermetabolic 
Response Response 

•• Early Closure of the Early Closure of the 
Burn WoundBurn Wound

The Three Last are Related
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on Protein Catabolismon Protein Catabolism

Hart et al. Determinants of skeletal muscle catabolism after severe burn. Ann. Surg. 233(4):455-465;2000.
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Enteral Feeding Intolerance and Enteral Feeding Intolerance and 
SepsisSepsis
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Decreased Mesenteric 
Blood Flow

Decreased Gut
Immune Function

Decreased Ability to
Prevent Bacterial
Exodus from Lumen

Decreased Gut
Mucosal Integrity

Increase in Mucosal
Permeability

Bacterial Translocation From The GI Tract
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Complications of CatabolismComplications of Catabolism

•• Consequences associated with erosion Consequences associated with erosion 
of body massof body mass11

–– 10%10% Impaired immune functionImpaired immune function 10%10%
–– 20%20% Decreased wound healingDecreased wound healing 30%30%
–– 30%30% Pneumonia, pressure soresPneumonia, pressure sores 50%50%
–– 40%40% Death (pneumonia)Death (pneumonia) 100%100%

11Chang, Chang, DeSantiDeSanti, , DemlingDemling. . SHOCKSHOCK. 1998. 1998

% Lost Altered Physiology % Mortality
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ScoringScoring & & DefinitionsDefinitions shouldshould bebe SpecificSpecific
for Burnsfor Burns

•• ABSI ABSI correlatescorrelates betterbetter withwith mortalitymortality thanthan
APACHE IIAPACHE II

•• Most Most nutritionalnutritional assessmentassessment toolstools are are 
confoundedconfounded by the by the inflammatoryinflammatory responseresponse in in 
burnsburns PrelackPrelack et al. Burns 2007; 33: 13et al. Burns 2007; 33: 13--24.24.

•• The The clinicalclinical PulmonaryPulmonary Infection score (CPIS) Infection score (CPIS) 
doesdoes not not accuratelyaccurately predictpredict the the presencepresence of of 
pneumoniapneumonia in in burnburn patients, due to the patients, due to the systemicsystemic
inflammation inflammation associatedassociated withwith injuryinjury Pham et al. J Pham et al. J BurnBurn Care Care 
ResRes 2007; 28: 762007; 28: 76--9.9.

•• SepsisSepsis definitionsdefinitions shouldshould bebe specificspecific ((seesee nextnext))
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Definition of Definition of SepsisSepsis
••BurnBurn

––At least 3 of the following:At least 3 of the following:
•• T>38.5 or <36.5T>38.5 or <36.5°°CC
•• Progressive tachycardiaProgressive tachycardia
•• Progressive tachypneaProgressive tachypnea
•• WBC > 12,000 or <4,000WBC > 12,000 or <4,000
•• Refractory hypotensionRefractory hypotension
•• ThrombocytopeniaThrombocytopenia
•• HyperglycemiaHyperglycemia
•• Enteral Feeding IntoleranceEnteral Feeding Intolerance

––ANDAND
•• Pathologic tissue source Pathologic tissue source 

identified identified 

••Modified ACCP/SCCMModified ACCP/SCCM

–– At least 2 of the following:At least 2 of the following:
•• T>38.5 or <36.5T>38.5 or <36.5°°CC
•• HR>20% above NL for ageHR>20% above NL for age
•• RR>20% above NL for age or RR>20% above NL for age or 

PaCOPaCO22<32 torr<32 torr
•• WBC > 12,000 or <4,000WBC > 12,000 or <4,000

–– ANDAND
•• Bacteremia or fungemiaBacteremia or fungemia
•• Pathologic tissue source Pathologic tissue source 

identifiedidentified
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Effect of Ambient Temperature Effect of Ambient Temperature 
on Metabolic Rateon Metabolic Rate

Herndon. Mediators of metabolism. J. Trauma 21:701-705; 1981.
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EFFECTS OF BURN INJURY ON EFFECTS OF BURN INJURY ON 
IMMUNITYIMMUNITY

•• Decreased Neutrophils ChemotaxisDecreased Neutrophils Chemotaxis

•• T Cell Numbers DecreasedT Cell Numbers Decreased

•• Decreased Leukocyte KillingDecreased Leukocyte Killing

•• B Cell Numbers Normal or IncreasedB Cell Numbers Normal or Increased

•• Immunoglobulin Levels VariableImmunoglobulin Levels Variable

•• Decreased Delayed HypersensitivityDecreased Delayed Hypersensitivity

•• Decreased Complement LevelsDecreased Complement Levels
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Burn-Associated Immunosuppression 
Associated with

Impairments in microbiocidal activities of:
Natural Killer cells       Macrophages

T cells                  Neutrophils

Changes in relative Th1/Th2 cytokine levels
↓ Th1 (IFN-γ, IL-12, IL-15, IL-2)

↑ Th2 (IL-10 and IL-4)
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Gram +

Gram -

Schimmel

45%45%

32%

34%

WOUND CULTURES Jan WOUND CULTURES Jan –– Mar 01 (N=81)Mar 01 (N=81)

N = 81

Staphylococcus aureus    11
Staphylococcus albus      11
MRSA                                 9
Enterococcus spp 6

Pseudomonas Aeruginosa 16
Proteus spp 4
Klebsiella spp 3
E. coli                                           2   
Enterobacter spp 1
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CATHETER CULTURES Jan – Mar 01 (N=22)

68%

27%

N = 22

17 venous

5 arterial

Staphylococcus albus      9
Staphylococcus aureus   3
MRSA                              2
Enterococcus spp 1

Pseudomonas aeruginosa        5
Enterobacter spp 1
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WOUND CULTURES AprWOUND CULTURES Apr–– Jun 01 (N=43)Jun 01 (N=43)

Wound cultures APR- JUN 2001
 n = 43

Gram +
Gram -
Schimmel

Staphylococcus albus        5
MRSA                                 2
Enterococcus spp 7

Pseudomonas aeruginosa        18
Proteus spp 1
Klebsiella spp 2
E. coli                                          4

Candida albicans 4

58%

9%
33%

N = 43
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CATHETER CULTURES Apr – Jun 01 (N=17)

59%

41%

N = 17

15 venous

2 arterial

Staphylococcus albus        5
MRSA                                 1
Enterococcus spp 1

Pseudomonas aeruginosa          8
Proteus spp 1 
E. coli                                          1

Gram +
Gram -
Schimmel
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WOUND CULTURES Jul WOUND CULTURES Jul -- Sep 01 (N=67)Sep 01 (N=67)

Staphylococcus aureus     4
Staphylococcus albus       7
MRSA                                1
Enterococcus spp 8

Pseudomonas aeruginosa        20
Proteus spp 8
E. coli 9
Klebsiella spp 5
Enterobacter spp 3
Acinetobacter spp 1

70 %

30 %

n = 67

Gram +
Gram -
Schimmel
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Gram +
Gram -
Schimmel

CATHETER CULTURES Jul – Sep 01 (N=29)

63  %

34 %

N = 29

24 venous

5   arterial

Staphylococcus aureus     1
Staphylococcus albus        7
Enterococcus spp 2

Pseudomonas aeruginosa         11
Proteus spp 2
Klebsiella spp 2
E. coli                                           2
Enterobacter spp 1
Acinetobacter spp 1

Candida albicans 1

3 %
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WOUND CULTURES Oct WOUND CULTURES Oct -- Dec 01 (N=26)Dec 01 (N=26)

Staphylococcus aureus    4
Staphylococcus albus       4
Enterococcus spp 5

Pseudomonas aeruginosa          6
Proteus spp 2
E. coli 2
Klebsiella spp 1
Enterobacter spp 1
Citrobacter 1

50 %

50 %

n = 26

Gram +
Gram -
Schimmel
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Gram +
Gram -
Schimmel

CATHETER CULTURES OCT -DEC 01 (N=12)

42  %

58 %

N = 12

11 venous

1  arterial

Staphylococcus aureus     1
Staphylococcus albus        4
Enterococcus spp 2

Pseudomonas aeruginosa           4
E. coli                                            1



2828

WoundWound vs vs CatheterCatheter JanJan--JunJun

Gram +

Gram -

Schimmel

Wound cultures APR- JUN 2001
 n = 43

Gram +
Gram -
Schimmel

Gram +
Gram -
Schimmel
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WoundWound vs vs CatheterCatheter JulJul--DecDec

Gram +
Gram -
Schimmel

Gram +
Gram -
Schimmel

Gram +
Gram -
Schimmel

Gram +
Gram -
Schimmel
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ConclusionsConclusions

•• Skin colonisations correlate Skin colonisations correlate withwith catheterscatheters’’
cultures, cultures, bothboth are are frequentfrequent

•• HemoculturesHemocultures bringbring few positive few positive resultsresults

•• The The waswas a shift Gram+/a shift Gram+/-- duringduring the the yearyear ((waswas
not not identicalidentical in 2002)in 2002)

•• Conclusions:Conclusions:
–– AimAim as 1st as 1st prioritypriority atat reducingreducing the the bacterialbacterial loadload on on 

the the colonizedcolonized skin (bath skin (bath therapytherapy, , topicaltopical, excision), excision)
–– TreatTreat empiricallyempirically IV if IV if septicseptic aimingaiming atat the the germsgerms

foundfound in the skin in the skin colonizationcolonization
–– Change Change catheterscatheters if if septicseptic and use and use antimicrobialantimicrobial

impregnatedimpregnated catheterscatheters
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Control of InfectionControl of Infection

•• PreventionPrevention

•• Topical AntimicrobialsTopical Antimicrobials

•• RegularRegular cleansingcleansing of of 
woundswounds

•• ExcisionExcision

•• Systemic AntimicrobialsSystemic Antimicrobials
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Are Topical Antimicrobials Are Topical Antimicrobials UsefullUsefull ??
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TopicalTopical TherapyTherapy of the of the BurnBurn WoundWound

•• SilverSilver Sulfadiazine Sulfadiazine CreamCream

•• Dressing Dressing withwith SilverSilver MicroMicro--crystalscrystals

•• IsobetadineIsobetadine ((PolyvidonPolyvidon IodIod 10%)10%)

•• FuracinFuracin Solution (Solution (NitrofuralNitrofural 0.2%)0.2%)

•• ColistinColistin Milk (Milk (ColistinColistin SulfSulf 0.5%)0.5%)
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Molecular Epidemiology of
Pseudomonas Aeruginosa Colonization 

in the Brussels Burn Unit

Pirnay JP, De Vos D, Cochez C et al. J Clin Microbiol 2003; 41: 1192-1202.
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Setting

ICU: 8 single-bed rooms, MCU: 12 double-bed rooms

Daily hydrotherapy and Daily application of 1% Silver 
Sulphadiazine (SSD)

Surgical excision starting within 1st week after admission

Sampling: twice a week (ICU), weekly (MCU)

July 1998 – July 1999: 441 patients (ICU + MCU)

5 August 1998: outbreak MDR  Ps. Aeruginosa

1999: epidemic strain disappeared (occupancy rate: 10%)
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Outbreak Analysis

Exogenous source initially suspected

→ Screening of patients

→ Environmental survey

→ Retrospective analysis frozen stock
Methods:

• Standard microbiology procedures
• Serotyping and drug susceptibility testing

(antibiotics and topical agents)
• Genotyping: RAPD-PCR and AFLP
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366 Ps. Aeruginosa
isolates (incl. 45 
environmental): 48 
genotypes

48 AFLP patterns and 
dendrogram of the Ps.
Aeruginosa genotypes
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DNA genotyping: Results (1)DNA genotyping: Results (1)

•• 48 different AFLP genotypes 48 different AFLP genotypes 
-- N patient = 70 (100%)N patient = 70 (100%)
•• 21 exclusively from 21 exclusively from 

environment environment 
•• 15 from only one patient15 from only one patient
•• 12 from several patients 12 from several patients 

(N = 57), (N = 57), of which 2 in of which 2 in 
envenv..

Conclusion:Conclusion:
•• No ongoing No ongoing Ps. Ps. 

AeruginosaAeruginosa reservoir in reservoir in 
environment environment 

•• But, 57 events of But, 57 events of 
crosscross--acquisitionacquisition

•• Concentrating on the Concentrating on the 
genotypes found in n genotypes found in n 
patientspatients

•• 27% of the patients 27% of the patients 
colonized by 2 to 4 strainscolonized by 2 to 4 strains

•• And, 2 genotypes And, 2 genotypes 
were found in 60% of were found in 60% of 
the patientsthe patients

–– AFLP 35: 131 isolates, AFLP 35: 131 isolates, 
29 patients29 patients

–– AFLP 8: 76 isolates, AFLP 8: 76 isolates, 
19 patients19 patients
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Results (2)

Characteristics of P. Aeruginosa colonized patients
• Most of them were colonized in the unit, so the main factor was the 

length of stay (LOS)
• Out of 441 patients, 70 patients (16% ) colonized,
• 12 (17%) at admission, 58 (83%) later (nosocomially)
• Colonization versus hospitalization length, age and TBSA
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Time course of AFLP 35 and AFLP 8 colonization
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Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Wound

Sputum

Throat

Nose

Urine

AFLP32

AFLP35

AFLP8

AFLP33

Patient P13 (age 25, TBSA 75%, 10 month hospitalization)

Simultaneously colonized 
with 4 genotypes (incl. 
AFLP 35 and AFLP 8)
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Results (3)

Drug susceptibility testing - AFLP 35 & 8

• Antibiotics
Most strains susceptible to most antibiotics
4 genotypes (incl. AFLP 35) were MDR

• Topical agents

AFLP 8: antibiotic sensitive but SSDR
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Analysis of an Outbreak of Ps. Aeruginosa, 
Conclusions:

• Patient P13: continuous reservoir of AFLP 35 and AFLP 8

• AFLP 35 and AFLP 8 were highly successful (60% of the 
patients with Ps Ae) due to acquired resistance to antibiotics or 
topical antimicrobial

• No inanimate reservoir and patients colonized via cross-
acquisition
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BurnBurn Unit, BrusselsUnit, Brussels

The The projectproject for a New Unit:for a New Unit:
A A burnburn center must center must bebe renovatedrenovated everyevery 15 15 yearsyears, , thisthis meansmeans planning planning 

and and budgetingbudgeting afterafter tenten yearsyears……
This This projectproject waswas designeddesigned to to reducereduce the the bacteriologicalbacteriological riskrisk..
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B4.B4. MedischeMedische OrganisatieOrganisatie : : AlgemeenAlgemeen
Organisation MOrganisation Méédicale : Gdicale : Géénnééralitralitééss

HIGH CARE
ONTHAAL 
ACCUEIL

AMBULANTE KLINIEK
–

CLINIQUE PATIENTS 
AMBULATOIRES

MEDIUM CARE

TAMPON

LOW
RISK

+5
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SepsisSepsis withwith MR Ps MR Ps AeruginosaAeruginosa

•• Colistine IV (Colistine IV (ColistinebColistineb®®) is used (again) since 2006) is used (again) since 2006

–– 66--8 8 MioMio./24 Hr in ./24 Hr in threethree dosisdosis

–– ToxicityToxicity::
•• FollowFollow RenalRenal (RF) (RF) functionfunction and and adjustadjust dosisdosis
•• ToxicityToxicity increasedincreased by by concommittentconcommittent use of an use of an aminoglycosideaminoglycoside
•• In 15% has an impact on RF (In 15% has an impact on RF (reversibilityreversibility))
•• In 4In 4--6%  6%  isis neurotoxicneurotoxic ((reversibilityreversibility and not and not dosisdosis relatedrelated))

–– FromFrom in vitro in vitro studiesstudies: the : the parenteralparenteral formform and long dosage and long dosage intervalsintervals
maymay bebe problematicproblematic for for treatmenttreatment of infections by of infections by colistincolistin resistantresistant A. A. 
baumaniibaumanii
Owen et al. J Owen et al. J AntimicrobAntimicrob ChemotherChemother. 2007 . 2007 FebFeb 8.8.
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