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Candidate biomarkers for the diagnosis of sepsis

• Circulating cells

1. Cell counts

• Total leucocyte count

• Neutrophil count

• Lymphocyte count

• Platelet count

2. Leucocyte surface markers

• Cell differentiation antigen CD11b

• Intercellular adhesion molecule (ICAM-1)

• CD63

• CD64

• CD66b

3. Other properties

• Polymorphonuclear leucocyte migration

• Leucocyte gene expression profile

• Mean platelet volume

• Peptides

1. Monocyte/macrophage products

• Tumour necrosis factor α (TNF-α)

• Interleukin 1α

• Interleukin 1β

• Interleukin 6

• Interleukin 8

• Interleukin 10

• Interleukin 18

• Macrophage migration inhibitory factor (MIF)

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

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

1. Leucocyte products

• Soluble L-selectin (=CD62L)

• Soluble P-selectin (=CD62P)

2. Endothelial cell products

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

• Soluble E-selectin (=CD62E)

3. Other cell products

• Soluble intercellular adhesion molecule (sICAM-1)

• Soluble haemoglobin scavenger receptor (sCD163)

• Growth arrest specific protein 6 (Gas6)

• Soluble urokinase-type plasminogen activator receptor

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

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

• Acute phase reactants

1. C reactive protein

2. Ferritin

3. Lactoferrin

4. Neopterin

5. Procalcitonin

6. Serum amyloid A

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

• Microbial products- Endotoxin

• Fungal Markers

1. α-1,3-β-D Glucan

2. Galactomanan



Topic outline

• Biomarker- Definition

• Need of biomarkers

• Properties of Ideal Biomarker

• Biomarkers

• Procalcitonin

• Galactomanan

• α-1,3 β-D Glucan





What is a biomarker?

“almost 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 

interaction”

- WHO 1993

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

in a biological system.”

- National Academy of Science



“A characteristic that is objectively measured and evaluated as 
an indicator of normal biological process, pathologic process or 

pharmacological response to a therapeutic intervention”

- Biomarker Definition Working Group (2001)

What is a biomarker?



What is the need of biomarkers in sepsis?

• Early diagnosis

• Differentiating diseases e.g. Sepsis vs. no sepsis

• Monitoring response to therapy

• Prognostication



“SMART” biomarker

• Sensitive (and Specific)

• Measurable

• Available (Affordable and safely Attainable)

• Responsive (and Reproducible) in a

• Timely fashion

No “SMARTER”

• Evaluate (validate) and

• Re-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

• Biomarkers are members of complex cascades and networks

• Assessing 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

• Immune-reactive assays may provide qualitatively different information 
than bioactivity assays

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



IL-6

• Not specific for sepsis

• Major role as a prognostic biomarker, not diagnostic

• Elevated levels associated with increase in mortality

• Mouse model of acute septic peritonitis also corroborative of similar 
findings

• Meets one of the desired attributes of an ideal biomarker of sepsis

Patel RT et al. Br J Surg 1994;81:1306–8.
Petilla V et al. Intensive Care Med 2002;28:1220–5.
Panacek EA et al. Crit Care Med 2004;32:2173–82



Procalcitonin

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

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

• Devoid of known hormonal activity

• Released from all cells in response to bacterial toxins and proinflammatory 
mediators (IL‐1β, IL-6 & TNF‐α)

• Decreased in viral infections under influence of IFN‐γ

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

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

- Assicot M et al. Lancet 1993;341:515–8.
- Clin Chest Med :29;2008.591‐603.
- Faix JD. Crit Rev Clin Lab Sci, 2013; 50(1): 23–36



Interpretation of PCT result

• The optimal cut-off depends on

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

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

• Co-morbidities (eg, immunosuppression)

• Clinical implications drawn (eg diagnosis, prognosis, antibiotic stewardship)

• Should be used in the context of clinical situation

• Non infective causes of elevation-

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

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

• False low PCT-

• Early course of infections

• Localised 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 Simon et al.
2004

Hospitalized Pt
Adults, Children & 

Neonates

12 Studies
1386 Pt.

Sn 88 Vs 75
Sp 81 vs 67

PCT Better than CRP

2 Uzzan et al. 
2006

Critically ill adults,
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

Critically ill, Adults 18 Studies
2097 Pt.

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

Diag. performance Better in small studies
Excluded Septic shock

3 Mann et al.
2011

Critically ill burn 
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
Specificity 77 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
3244 Pt.

Sensitivity 77% (72-81)
Specificity 79% (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):121–129



PCT as predictor of bacterial burden in 
Pyelonephritis

• AUC for prediction of Bacteremia in Pyelonephritis-

• Clinical Model -0.71 (95% CI 0.66 to 0.76)

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

• PCT 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

• Seven studies, 803 patients and 255 bacterial infection episodes

• Sensitivity 73% (95% CI 54–86%) for PCT & 78% (95% CI 52–92%) for 
CRP

• Specificity 88 % ( 95% CI 79–93%) for PCT  & 84% (95% CI, 52–96%) for 
CRP

• Both PCT and CRP have poor sensitivity but acceptable specificity in 
diagnosing bacterial infection In CKD

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

- Lu et al. Nephrol Dial Transplant (2013) 28: 122 – 129



- Zou et al. American Journal of Emergency Medicine (2012) 30 , 1907– 1914



• Low value used to differentiate from Bacterial infection

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

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

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

• Sensitivity and specificity 88% (71–96) & 81 (68–90) vs 
Bacterial infefction



PCT to Guide initiation as well as Stopping 
Antibiotics in ARI



- Schuetz et al. Clinical Infectious Diseases 2012;55( 5):651 –62









The Procalcitonin And Survival Study (PASS)



The Procalcitonin And Survival Study (PASS)





- Baer et al. Plos One 2013









PCT as a prognostic marker

• Clec’h et al. 2004
• 75 Patients, Severe Sepsis & septic Shock

• PCT >6ng/ml Independent predictor of worse outcome

• Azevedo et al.
• 28 Patients, PCT at baseline, 24hrs & 48hrs

• Baseline PCT no Sig. difference in survivors & Non-survivors

• Rapid clearance over 24 Hrs = good prognosis

• Karlsson et al. 
• 242 (155 @72hrs) patients with severe sepsis & septic Shock

• Rapid decline of >50% was associated with better outcome

- Karlsson et al . Critical Care 2010
- Azevedo et al. Rev Col Bras Cir 2012; 39(6): 456-460.



sTREM-1

• Triggering receptor ex-pressed on myeloid cells(TREM)-1- member of the 
immunoglobulin superfamily, ~30-kDa glycoprotein

• Described first by Axel Bouchon and colleagues in 2000

• Expression up-regulated on phagocytic cells in the presence of 
extracellular bacteria or fungi, but not in non-infective acute/chronic 
inflammation

• Stimulates neutrophil and monocyte-mediated inflammatory responses

• A soluble form of TREM-1 (sTREM-1) is re-leased from the activated 
phagocytes and can be found in body fluids

• Murine study- Mortality benefit with Anti TREM-1 Ab injected up to 1 hr of 
insult



sTREM-1

Sr.
No.

Author, Year Setting, N Sensitivity 
(%)

Specificity 
(%)

PLR NLR Comments

1 Gibot S, 2004
(Serum sTREM-1)

ICU, 76 96 89 8.6 0.04 Only 13 patients actually had 
clinical picture confusing with 

sepsis

2 Gibot S, 2004
(BAL sTREM-1)

ICU, 148 98 90 10.38 Uniform Mini BAL with 20Ml 
saline, 2/3rd return.



sTREM-1 as a prognostic marker

• High level of sTREM-1 is associated with good prognosis

• Progressive decline in sTEREM-1 level over time portends improvement 
and predicts survival

• Persistant elevation or increase over time despite treatment predicts poor 
outcome

• More than normal but not very high level of sTREM at baseline predicts 
poor outcome



Galactomannan
• Galactomannan  is  a  heat-stable  heteropolysaccharide present in the cell wall of most Aspergillus 

and Penicillium species

• Comprised  of  a  non-immunogenic mannan core with immunoreactive side-chains  of  varying  
lengths  containing  galactofuranosyl units

• Two commercial assays for the detection

• The  Pastorex  kit  (Sanofi Diagnostics Pasteur, Marnes-La-Coquette, France)

• Platelia ELISA (BioRad, Marnes-La-Coquette, France)

• Pastorex is now rarely used

• Testing is not universally available

• Details  of release  and  kinetics  of circulating galactomannan are unknown

• Galactomannan production is proportional to fungal load, levels appear to have prognostic 
significance

• Assays  to  detect  galactomannan  have  mostly  used serum  and  BAL  fluid

• Assays  use  EB-A2,  a  monoclonal antibody derived from rats, which is directed towards the (1,5)-
linked galactofuranoside side-chain residues of the GM



Serum galacomannan – Cochrane review

• Cross-sectional studies, case –control designs and consecutive series

• In patients with neutropenia or whose neutrophils are functionally 
compromised

• The reference standard criteria by EORTC and MSG

• Results-

Sr No. Cut Off Studies (Pt.) Sn (%) Sp (%)

1 0.5 3 (901) 78 (61-89) 81 (72 to 88)

2 1.0 12 (1744) 75 (59-86) 91 (84-95)

3 1.5 17 (2600) 64 (50-77) 95 (91-97)





BAL galacomannan- Recent meta-analysis

• 30 Studies, 23 cohort studies and 7 case–control studies

• 3344 patients, 614 (18.4%) proven or probable IA

• Studies mainly from American, European and Asian countries

• Cutoff of BAL-GM varied from 0.5 to 8.0 in individual studies, most 
commonly 0.5

• Mean DOR was 52.7 (95% CI 31.8–87.3).

• SEN- 87% (79–92), SPE was 89% (85–92)

• Summary AUC was 0.94 (0.92–0.96)

• Pooled PLR and NLR were 8.0 (5.7–11.1) and 0.15 (0.10–0.23)

- Zou et al. PlosOne 2012





BAL galacomannan- Recent meta-analysis

• BAL-GM has a better capacity for diagnosing IA than both serum GM 

• Airway colonization with Aspergillus species & contamination may result in 
false positive results

• Significant heterogeneity existed in most of the analyses, sensitivity 
analyses heterogeneity still exist

• Most of the pooled SEN and SPE were still above 85%, indicating that 
BAL-GM test has excellent accuracy

• Publication bias can not be ruled out

• Misclassification bias is unavoidable –as most IFI are not substantiated by 
Microbiological/Histopathological gold standerd

- Zou et al. PLoS ONE 2012







Serum 1,3 Beta D Glucan

• (1,3)-β-D glucan assays have been developed by Wako  Pure  Chemical  Industries  
(Tokyo,  Japan), Seikagaku Kogyo  Corporation  (Tokyo,  Japan),  Maruha Corporation 
(Tokyo, Japan) and Associates of Cape Code (Falmouth, USA)

• Assay developed by Associates of Cape Code, Fungitell, has been approved by the FDA 
for the diagnosis of IFI

• Β-D glucan is present in the cell wall of most fungi; the notable  exceptions  are  
Cryptococcus spp  and  the zygomycetes

• The  molecule  is  ubiquitous  in  the environment and has been used as a marker of 
fungal biomass

• Sensitivity of the Fungitell assay is in the order  of  1  pg/mL,  which  is  < cut-off  of 60 
pg/mL used in a recent clinical study

• False-positive (1,3)-β-D glucan results have been documented in haemodialysis, 
cardiopulmonary bypass, treatment with

• immunoglobulin  products,  and  exposure  to  glucan-containing  gauze  (eg,  following  
major  surgery)

• Environmental (1,3)--D glucan contamination may also compromise specificity



Serum 1,3 Beta D Glucan- Diagnosis of IFI

• 23 studies, 16 included in meta-analysis

• 2979 patients, 594 with proven or probable IFIs

• For proven IFI- pooled sensitivity 79.1% (68.9–86.7) & 
specificity 87.7% (82.4–91.6)

• Pooled diagnostic odds ratio was 27.0 (13.8–52.8)

• PLR was 6.4(4.4–9.4), and the NLR - 0.24 (0.16–0.37). 

• sAUC 0.91 (0.88–0.93)

• I2 index was 92% (84%–99%)

- Karageorgopoulos et al. Clin Infect Dis 2011



1,3 Beta D Glucan- Diagnostic accuracy

• Meta analysis- Studies from 1966-2010

• 907 articles screened

• 35 studies selected-1995-2010

• 13 different countries- max from Japan & USA

• Separately for PJP and IFI

J Clin Micro Nov 2011



Diagnostic accuracy for PJP

• Sensitivity: 96%

• Specificity: 84%

• Diagnostic Odds Ratio: 102.3

• Diagnostic accuracy same for HIV positive and negative



Diagnostic accuracy for IFI

• Sensitivity: 80%

• Specificity: 82%

• Diagnostic Odds Ratio: 25.7



- Karageorgopoulos et al. Clin Microbiol Infect 2013; 19: 39–49



Novel Biomarkers

Need Validation in further studies





Multi marker approach

• No one biomarker is likely to adequately reflect the rapidly 
evolving nature of a potentially septic patient’s status

• Important lesson from the failure of PCT to provide helpful 
information in the PASS study

• Several investigators have reported attempts to use a panel of 
biomarkers in order to better identify patients at risk.



• composite three-marker 0.84 
(0.71 to 0.91)

• composite six-marker= 0.81 
to 0.92)

The AUCs for bacterial Sepsis- were 

• sUPAR= 0.50 (0.40 to 0.60)

• sTREM= 0.61 (0.52 to0.71) 

• MIF= 0.63 (0.53 to 0.72)

• PCT= 0.72(0.63 to 0.79)

• Neutrophil count= 0.74 (0.66 to 
0.81)

• CRP= 0.81 (CI 0.73 to 0.86)
- Kofoed et al. Critical Care 2007



Shapiro et al. Crit Care Med 2009; 37:96 –104


