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Markers of InflammationMarkers of Inflammation
White blood cell countWhite blood cell count
C reactive proteinC reactive protein
EndotoxinEndotoxin
ProcalcitoninProcalcitonin
InterleukinInterleukin--66
NeopterinNeopterin
GlucanGlucan
MannanMannan
EnterobacterialEnterobacterial common common 

antigenantigen
Bacterial DNABacterial DNA
Bacterial lipoproteinBacterial lipoprotein
InterleukinInterleukin--11
InterleukinInterleukin--1 1 rara
Interleukin 8Interleukin 8
Interleukin 12Interleukin 12
Interleukin 10Interleukin 10
Interleukin 18Interleukin 18
Tumor necrosis factorTumor necrosis factor
TGF betaTGF beta
LeptinLeptin
MIFMIF
HMGHMG--11
Alpha MSHAlpha MSH
AlphaAlpha--1 anti1 anti--trypsintrypsin
PrealbuminPrealbumin
FibrinogenFibrinogen
LipopolysaccharideLipopolysaccharide--binding proteinbinding protein

Nitric oxideNitric oxide
CeramideCeramide
ElastaseElastase
MyeloperoxidaseMyeloperoxidase
LactoferrinLactoferrin
TroponinTroponin II
Intestinal fatty acid binding proteinIntestinal fatty acid binding protein
Carbohydrate deficient Carbohydrate deficient transferrintransferrin
Hydrogen peroxideHydrogen peroxide
Conjugated Conjugated dienesdienes
Fibrinogen degradation Fibrinogen degradation productsproducts
Von Von WillebrandWillebrand’’ss factorfactor
DD--dimersdimers
ThrombomodulinThrombomodulin
FibrinopeptideFibrinopeptide AA
PAIPAI--11
F1+2F1+2
TAT ComplexesTAT Complexes
Protein CProtein C
CortisolCortisol
rT3rT3 ……. and many, . and many, 

many moremany more



BiomarkerBiomarker

““ …… a characteristic that is a characteristic that is 
objectively measured and evaluated objectively measured and evaluated 
as an indicator of normal biological as an indicator of normal biological 
processes, pathogenic processes, processes, pathogenic processes, 
or pharmacologic responses to a or pharmacologic responses to a 

therapeutic interventiontherapeutic intervention””



MarkerMarker

PopulationPopulation



BiomarkerBiomarker

A biologic measure that identifies the presence of a A biologic measure that identifies the presence of a 
pathologic state or process, quantifies its severity, and/or pathologic state or process, quantifies its severity, and/or 
predicts the effects of a given intervention on outcome.predicts the effects of a given intervention on outcome.

•• DiagnosisDiagnosis
•• PrognosisPrognosis
•• Response to therapyResponse to therapy
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Time from Onset of HypotensionTime from Onset of Hypotension
(Hours)(Hours)

Time to Appropriate AntimicrobialsTime to Appropriate Antimicrobials
and Mortality in Septic Shockand Mortality in Septic Shock

--Kumar, Kumar, CritCrit Care Med 34:1589, 2006Care Med 34:1589, 2006



OR       95% CIOR       95% CI

VasopressorVasopressor useuse 5.495.49 (4.08(4.08--7.38)7.38)
Age (per year)Age (per year) 1.031.03 (1.02(1.02--1.04)1.04)
Inappropriate Inappropriate 
initial antibioticsinitial antibiotics 1.92    (1.481.92    (1.48--2.50)2.50)

Risk Factors for Death in 549 PatientsRisk Factors for Death in 549 Patients
with with S. aureus S. aureus InfectionInfection

-- Schramm, Schramm, CritCrit Care Med Care Med 34:2069, 200634:2069, 2006



Randomized Trials of Randomized Trials of 
Antibiotic MinimizationAntibiotic Minimization

Control          RestrictiveControl          Restrictive p.p.

Singh 2000Singh 2000 35%35% 15%          0.0215%          0.02
(Resistance)(Resistance)

FagonFagon 20002000 25.8%                16.2%       0.0225.8%                16.2%       0.02
(Mortality)(Mortality)

ChastreChastre 20032003 62.0%62.0% 42.1%      0.0442.1%      0.04
(Resistance)(Resistance)
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Neutrophil Parameters in the Neutrophil Parameters in the 
Diagnosis of InfectionDiagnosis of Infection

Sensitivity Specificity     L.R.Sensitivity Specificity     L.R.

PMN CD64PMN CD64 94.1%94.1% 84.9%84.9% 6.246.24

PMN CountPMN Count 79.4%79.4% 46.8%46.8% 1.491.49

Band countBand count 87.5%           43.5%87.5%           43.5% 1.55 1.55 

-- Davis & Bigelow, Davis & Bigelow, Lab Lab HematolHematol 11:137, 200511:137, 2005



CAPCAP COPDCOPD BronchitisBronchitis AsthmaAsthma OthersOthers
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-- ChristChrist--Crain Crain Lancet Lancet 363:600, 2004363:600, 2004



ProcalcitoninProcalcitonin (PCT)(PCT)
and and CC--Reactive Reactive 

Protein (CRP)Protein (CRP) in the in the 
Diagnosis of Diagnosis of 
Infection in Infection in 

Patients with SIRSPatients with SIRS

-- UzzanUzzan, , CritCrit Care MedCare Med 34:1996, 200634:1996, 2006



Negative Predictive Value:Negative Predictive Value:

97% (93 97% (93 –– 100)100)

Sensitivity:Sensitivity:

85% (69 85% (69 –– 100)100)

Likelihood Ratio:   Likelihood Ratio:   0.490.49

Absence of Endotoxemia During First 48 Absence of Endotoxemia During First 48 
Hours of ICU Stay Rules Out InfectionHours of ICU Stay Rules Out Infection

-- Marshall, Marshall, J Infect J Infect DisDis 190:527, 2004.190:527, 2004.
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BAL TREMBAL TREM--1 in Diagnosis of Pneumonia1 in Diagnosis of Pneumonia

148 ventilated patients148 ventilated patients

CAP   CAP   3838
VAP   VAP   4646
No pneumonia   No pneumonia   6464

SensitivitySensitivity 98%     98%     SpecificitySpecificity 90%90%

Likelihood ratioLikelihood ratio 10.3810.38

-- GibotGibot, , N N EnglEngl J MedJ Med 350:451, 2004350:451, 2004
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Endotoxemia Predicts InfectionEndotoxemia Predicts Infection

Odds Ratio (95% CI)Odds Ratio (95% CI)
EAEA 0.4 0.4 -- 0.60.6 >0.6>0.6

Any infectionAny infection 3.1 (1.43.1 (1.4--6.8)     3.2 (1.56.8)     3.2 (1.5--7.1)7.1)

Gram negativeGram negative 2.7 (0.72.7 (0.7--11.6)   6.4 (1.811.6)   6.4 (1.8--23.3)23.3)

-- Marshall, Marshall, J Infect J Infect DisDis 190:527, 2004.190:527, 2004.
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ILIL--6 Negative6 Negative ILIL--6 Positive6 Positive
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Source Control          MortalitySource Control          Mortality

Adequate                 126 (23.1%) Adequate                 126 (23.1%) 
(N=545)(N=545)

Inadequate                48 (39.7%)*  Inadequate                48 (39.7%)*  
(N=121)(N=121)

* p<0.001* p<0.001

Impact of Source Control inImpact of Source Control in
Patients with Low ILPatients with Low IL--6 Levels6 Levels



Source Control          MortalitySource Control          Mortality

Adequate                 177 (42.3%) Adequate                 177 (42.3%) 
(N=419)(N=419)

Inadequate                40 (47.1%)*  Inadequate                40 (47.1%)*  
(N=85)(N=85)

* p=0.49* p=0.49

Impact of Source Control inImpact of Source Control in
Patients with Patients with High High ILIL--6 Levels6 Levels



ProcalcitoninProcalcitonin Levels Permit EarlierLevels Permit Earlier
Discontinuation of Antibiotics in CAPDiscontinuation of Antibiotics in CAP

-- ChristChrist--Crain, Crain, AJRCCM AJRCCM 174:84, 2006174:84, 2006

Antibiotics on AdmissionAntibiotics on Admission 85 85 vsvs 99%*99%*

Total Antibiotic ExposureTotal Antibiotic Exposure 0.52 (0.480.52 (0.48--0.55)*0.55)*

Duration of TherapyDuration of Therapy 5 5 vsvs 12 days*12 days*

*All p<0.001*All p<0.001



Tumor Necrosis Factor Tumor Necrosis Factor αα
G       A;  G       A;  --308  (Promoter)308  (Promoter)

Author    DiseaseAuthor    Disease Cases   Controls   p.Cases   Controls   p.

NadelNadel Meningococcemia       0.56            0.29       0.03Meningococcemia       0.56            0.29       0.03
(deaths)(deaths)

MiraMira Septic shockSeptic shock 0.520.52 0.24      0.0080.24      0.008
(deaths)(deaths)

TangTang Septic shockSeptic shock 0.400.40 0.080.08 <0.05<0.05
(deaths)(deaths)



The GThe G--308A TNF promoter 308A TNF promoter 
polymorphism is associated with a polymorphism is associated with a 
favorable response to favorable response to infliximabinfliximab or or 
etanerceptetanercept in rheumatoid arthritis in rheumatoid arthritis ……

•• MugnierMugnier Arthritis RheumArthritis Rheum 48:1849, 200348:1849, 2003
•• BalogBalog PathobiologyPathobiology 71:274, 200471:274, 2004
•• Criswell Criswell Arthritis RheumArthritis Rheum 50:2750, 200450:2750, 2004
•• PadyukovPadyukov Ann Rheum Ann Rheum DisDis 62:526, 200362:526, 2003
•• Martinez Martinez Arthritis RheumArthritis Rheum 50:1077, 200450:1077, 2004



Conclusions

• Multiple markers correlate with severity
• PCT and CRP can diagnose bacterial 

infection, and PCT can guide therapy 
• Endotoxin levels may exclude diagnosis 

of Gram-negative infection
• Science of biomarkers in sepsis is under-

developed, and need is great



Thank you!!Thank you!!


