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Candidate biomarkers for the diagnosis of sepsis

Å Circulating cells

1. Cell counts

Å Total leucocyte count

Å Neutrophil count

Å Lymphocyte count

Å Platelet count

2. Leucocyte surface markers

Å Cell differentiation antigen CD11b

Å Intercellular adhesion molecule (ICAM-1)

Å CD63

Å CD64

Å CD66b

3. Other properties

Å Polymorphonuclear leucocyte migration

Å Leucocyte gene expression profile

Å Mean platelet volume

Å Peptides

1. Monocyte/macrophage products

Å Tumour necrosis factor Ŭ (TNF-Ŭ)

Å Interleukin 1Ŭ

Å Interleukin 1ɓ

Å Interleukin 6

Å Interleukin 8

Å Interleukin 10

Å Interleukin 18

Å Macrophage migration inhibitory factor (MIF)

Å Soluble triggering receptor expressed on myeloid cells (sTREM-1)

Å High mobility group box protein 1 (HMGB-1)

1. Leucocyte products

Å Soluble L-selectin (=CD62L)

Å Soluble P-selectin (=CD62P)

2. Endothelial cell products

Å Soluble vascular cell adhesion molecule (sVCAM-1=CD106)

Å Soluble E-selectin (=CD62E)

3. Other cell products

Å Soluble intercellular adhesion molecule (sICAM-1)

Å Soluble haemoglobin scavenger receptor (sCD163)

Å Growth arrest specific protein 6 (Gas6)

Å Soluble urokinase-type plasminogen activator receptor

Å Soluble tumour necrosis factor receptor 1 (sTNFR-p55)

Å Soluble tumour necrosis factor receptor 2 (sTNFR-p75)

Å Acute phase reactants

1. C reactive protein

2. Ferritin

3. Lactoferrin

4. Neopterin

5. Procalcitonin

6. Serum amyloid A

Å Other- Activated partial thromboplastin time (aPTT) waveform, 
Fibronectin

Å Microbial products- Endotoxin

Å Fungal Markers

1. Ŭ-1,3-ɓ-D Glucan

2. Galactomanan
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What is a biomarker?

ñalmost any measurement reflecting an interaction between a 
biological system and a potential hazard, which may be chemical, 

physical or biological. The response may be functional and 
physiological, biochemical at the cellular level, or a molecular 

interactionò

- WHO 1993

ñ A xenobiotically induced variation in cellular or biochemical 
components or process, structure or function that is measurable 

in a biological system.ò

- National Academy of Science



ñA characteristic that is objectively measured and evaluated as 
an indicator of normal biological process, pathologic process or 
pharmacological response to a therapeutic interventionò

- Biomarker Definition Working Group (2001)

What is a biomarker?



What is the need of biomarkers in sepsis?

Å Early diagnosis

ÅDifferentiating diseases e.g. Sepsis vs. no sepsis

ÅMonitoring response to therapy

ÅPrognostication



ñSMARTò biomarker

ÅSensitive (and Specific)

ÅMeasurable

ÅAvailable (Affordable and safely Attainable)

ÅResponsive (and Reproducible) in a

ÅTimely fashion

No ñSMARTERò

ÅEvaluate (validate) and

ÅRe-evaluate (revalidate) -research needs to be in a continuous 
cycle of appraisal and re-appraisal

- Shehabi Y. et. al. Crit Care. 2008; 12(3):211.



Inherent Limitations of Biomarkers

ÅBiomarkers are members of complex cascades and networks

ÅAssessing levels of an individual cytokine dissociated from the levels of its 
antagonists or natural inhibitors may lead to the erroneous impression that 
an altered cytokine level reflects derangements in a biological pathway

ÅImmune-reactive assays may provide qualitatively different information 
than bioactivity assays

- Shehabi Y. et. al. Crit Care. 2008; 12(3):211.



IL-6

ÅNot specific for sepsis

ÅMajor role as a prognostic biomarker, not diagnostic

ÅElevated levels associated with increase in mortality

ÅMouse model of acute septic peritonitis also corroborative of similar 
findings

ÅMeets one of the desired attributes of an ideal biomarker of sepsis

Patel RT et al. Br J Surg 1994;81:1306ς8.
PetillaV et al. Intensive Care Med 2002;28:1220ς5.
PanacekEA et al. Crit Care Med 2004;32:2173ς82



Procalcitonin

ÅIn 1993 Assicot and colleagues first reported elevated PCT levels in 
patients with invasive bacterial infection

Å116 AA protein produced by thyroid C cells and then cleaved in to 3 distinct 
molecules- Calcitonin, N- terminal fragment & katacalcin

ÅDevoid of known hormonal activity

ÅReleased from all cells in response to bacterial toxins and proinflammatory 
mediators (ILȤ1ɓ, IL-6 & TNFȤŬ)

ÅDecreased in viral infections under influence of IFNȤɔ

ÅStable both in vivo and in vitro with in vivo t1/2 ~24 hours

ÅIncreases after 2-3 hours after induction, plateau after 6-12 hours & remain 
high for up to 48 hours

- Assicot M et al. Lancet 1993;341:515ς8.
- Clin ChestMedΥнфΤнллуΦрфмπсло.
- FaixJD. Crit RevClin LabSci, 2013; 50(1): 23ς36



Interpretation of PCT result

ÅThe optimal cut-off depends on

ÅClinical setting (eg, emergency room, ICU, post-operative or trauma patients)

ÅSite and extent of the infection (eg, RTI, meningitis, abdominal infection)

ÅCo-morbidities (eg, immunosuppression)

ÅClinical implications drawn (eg diagnosis, prognosis, antibiotic stewardship)

ÅShould be used in the context of clinical situation

ÅNon infective causes of elevation-

ÅFirst days after a major trauma, major surgical intervention, severe burns, treatment with OKT3 
antibodies

ÅPatients with prolonged or severe cardiogenic shock, prolonged severe organ perfusion 
anomalies, small cell lung cancer, medullary C-cell carcinoma of the thyroid

ÅFalse low PCT-

ÅEarly course of infections

ÅLocalised infections





PCT as a Diagnostic Marker of Sepsis



Procalcitonin for diagnosis of Sepsis
Sr. 
No.

Author, Year Target Population No of Studies Observations Comments

1 Simonet al.
2004

Hospitalized Pt
Adults, Children & 

Neonates

12 Studies
1386 Pt.

Sn 88 Vs75
Sp 81 vs 67

PCT Better than CRP

2 Uzzan et al. 
2006

Critically illadults,
Post Surg/Trauma

33 Studies
3943 Pt.

Diagnostic Odds 15.47 vs 5.43
Sp 78 vs 71

PCT better than CRP

5 Tang et al.
2007

Criticallyill, Adults 18 Studies
2097Pt.

Sensitivity 71 % (67-76)
Specificity 71% (67-76)
AUC 0.78 (0.73-0.83)

Diag. performance Better in small studies
ExcludedSeptic shock

3 Mann et al.
2011

Critically illburn 
patients

6 Studies
194 Pt.

Most studies favor PCT
Except a pediatric Study

PCT assay can be a helpful adjunct to 
clinical

diagnosis of sepsis and holds promise

4 Yu et al.
2010

Neonates 22 Studies Sensitivity 71 vs 55
Specificity77 vs 85

Diagnostic OR 11.6 vs 8.6

More accurate than the CRP for diagnosis 
of LONS

6 Wacker et al.
2013

critically ill patients 30 Studies
3244Pt.

Sensitivity 77% (72-81)
Specificity79% (74-84)
AUC 0.85 (0.81-0.88)

7 studies common
Including septic shock

4- Paediatric



- Jones et al. Ann Emerg Med 2007



- Jones et al. Ann Emerg Med 2007



PCT as a Predictor of Bacteremia



- CHEST 2010; 138(1):121ς129



PCT as predictor of bacterial burden in 
Pyelonephritis

ÅAUC for prediction of Bacteremia in Pyelonephritis-

ÅClinical Model -0.71 (95% CI 0.66 to 0.76)

ÅClinical + PCT- 0.79 (95% CI: 0.75 to 0.83)

ÅPCT alone - 0.73 (9 5% CI: 0.68 to 0.77)

- van Nieuwkoop et al. Critical Care 2010.



PCT Guided algorithms to decrease Antibiotic Use



Procalcitonin as a guide to decrease ABx use 



Procalcitonin as a guide to decrease ABx use 

- Schuetz et al. Arch Intern Med. 2011;171(15):1322-31.



- Wu et al. Arthritis & Rheumatism, 2012



Serum procalcitonin in patients with CKD:
a systematic review and meta-analysis

ÅSeven studies, 803 patients and 255 bacterial infection episodes

ÅSensitivity 73% (95% CI 54ï86%) for PCT & 78% (95% CI 52ï92%) for 
CRP

ÅSpeciýcity 88 % ( 95% CI 79ï93%) for PCT  & 84% (95% CI, 52ï96%) for 
CRP

ÅBoth PCT and CRP have poor sensitivity but acceptable speciýcity in 
diagnosing bacterial infection In CKD

ÅPoor negative likelihood ratio- role as a rule-out test is question able

- Lu et al. Nephrol Dial Transplant (2013) 28: 122 ς129



- Zouet al. American Journal of Emergency Medicine (2012) 30 , 1907ς1914



ÅLow value used to differentiate from Bacterial infection

ÅHigh Value >0.5ng/L used to differentiate from Non infected

Å8 Trials, 4 vs Bacterial & 4 vs Non infected- 155 IFI episodes

ÅSensitivity 82% (48-95) & specificity 80% (60-91) Vs Non 
infection

ÅSensitivity and speciýcity 88% (71ï96) & 81 (68ï90) vs 
Bacterial infefction



PCT to Guide initiation as well as Stopping 
Antibiotics in ARI



- Schuetz et al. Clinical Infectious Diseases 2012;55( 5):651 ς62




