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SEPSIS
The word sepsis is derived from the Greek, sêpsis meaning “decay or “to rotten. It is defined 

as the invasion of sterile tissue by one or more microbial pathogens with a resultant systemic 
inflammatory response. Sepsis remains a critical problem associated with significant morbidity 
and mortality even in the advance era of medical care. It is one of the factors of high mortality 
in ICUs in critically ill patients. In response of entering a microbe across epithelial barrier, host 
immune system build both a local and systemic response. Fever or hypothermia, leukocytosis or 
leukopenia, tachypnea, and tachycardia are cardinal signs of the systemic response. Septic shock 
refers to sepsis accompanied by hypotension that cannot be corrected by the infusion of fluids [1].
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DIFFERENT PRESENTATION OF SEPTICEMIA [1]
Bacteremia 

Presence of bacteria in blood, as evidenced by positive blood cultures.

Signs 

Two or more of the following conditions: (1) fever (oral temperature >38°C [>100.4°F]) or 
hypothermia (<36°C [<96.8°F]); (2) tachypnea (>24 breaths/min); (3) tachycardia (heart rate 
>90 beats/min); (4) leukocytosis (>12,000/μL), leucopenia (<4000/μL), or >10% bands

Sepsis (or Severe Sepsis) 

The harmful host response to infection; systemic response to proven or suspected infection 
plus some degree of organ hypofunction, i.e.: 

Cardiovascular 

Arterial systolic blood pressure ≤ 90 mmHg or mean arterial pressure  ≤ 70 mmHg that 
responds to administration of IV fluid

Renal 

Urine output <0.5 mL/kg per hour for 1 h despite adequate fluid resuscitation

Respiratory 

Pao2/Fio2 ≤ 250 or, if the lung is the only dysfunctional organ, ≤ 200

Hematologic 

Platelet count <80,000/μL or 50% decrease in platelet count from highest value recorded over 
previous 3 days

Unexplained metabolic acidosis 

A pH ≤7.30 or a base deficit ≥5.0 mEq/L and a plasma lactate level >1.5 times upper limit of 
normal for reporting lab

Septic Shock 

Sepsis with hypotension (arterial blood pressure <90 mmHg systolic, or 40 mmHg less than 
patient’s normal blood pressure) for at least 1 h despite adequate fluid resuscitation or Need 
for vasopressors to maintain systolic blood pressure ≥90 mmHg or mean arterial pressure ≥70 
mmHg. 

Refractory septic shock 

Septic shock that lasts for >1 h and does not respond to fluid or pressor administration (Table 1).
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Table 1: Criteria for Sepsis Syndrome [2].

Screening Criteria Confirmatory Criteria

Presence of either (1) or (2): Presence of any 1 of the following, without 
an alternative explanation:

1. All 4 of the following: 1. PaO2/FiO2 < 280 (intubated) or when
using a 40% face mask (not intubated)

Rectal temperature >38.3°C or <35.6°C 2. Arterial pH < 7.30
Respiratory rate of >20/min or mechanical 

ventilation 3. Urine output < 30 ml/hour

Heart rate > 90 beats/min

4. Systolic blood pressure < 90 mm Hg or 
fall in systolic blood pressure > 40 mm Hg 

sustained for 2 hours despite fluid 
challenge

Clinical evidence of infection 5. Systemic vascular resistance < 800 
dynes.s.cm2

2. One or more blood cultures positive for 
a pathogen at 48 hours after the onset of 

sepsis

6. Prothrombin time or partial 
thromboplastin time greater than normal 

or platelets > 100×106/l or platelets 
decreased to <50% of most recent 
measurement before current day

7. Deterioration in mental status within 24 
hours

Etiological Agents 

In the early 1960s, gram-negative bacilli were the most common cause of bacteremia and 
sepsis whereas in the last two decades, gram-positive cocci and yeasts have emerged as the major 
microbial pathogens in sepsis [3]. The systemic response to any class of microorganism can be 
harmful, because local inflammation can also elicit distant organ dysfunction and hypotension [1] 
(Table 2).

Table 2: Causative agents of septicemia [4-6].
•	 Gram-positive bacteria- 52.9%
•	 Gram-negative bacteria- 41.6%
•	 Anaerobic organisms- 1.4%
•	 Fungi- 4.1% [15].
•	 Gram-negatives: Proteus, Serratia, Pseudomonas aeruginosa, Neisseria meningitudis, Escherichia coli Klebsiella pneumonia
•	 Gram-positives: Staphylococcus aureus, coagulase-negative Staphylococcus, Streptococcus pyogenes, Streptococcus 

pneumoniae, enterococci
•	 Fungi: Candida albicans 

Epidemiology

In the United States sepsis causes more than 200,000 deaths annually and is the second most 
common infectious cause of death in the United States after pneumonia [7]. The risk of death 
increased incrementally with the severity of illness (systemic inflammation 7%, sepsis, 16%, 
severe sepsis 20% and septic shock 46%) [8]. Recent epidemiologic data suggests that the 
incidence of sepsis is increasing at a rate of 8.7% annually [3] Patients who survive an episode 
of sepsis have an increased risk of dying during the subsequent five years when compared to 
controls [9] The average cost per case of sepsis was $22,100 with total costs of $16.7 billion 
nationally [10]. The rising incidence of severe sepsis in the United States has been attributable 
to the aging of the population, the increasing longevity of patients with chronic diseases, and the 
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relatively high frequency with which sepsis has occurred in patients with AIDS. The widespread 
use of immunosuppressive drugs, indwelling catheters, and mechanical devices has also played 
a role. In the aforementioned international ICU prevalence study, the case–fatality rate among 
infected patients (33%) greatly exceeded that among uninfected patients (15%) [1,11,12]

Pathophysiology

The 2001 International Sepsis Definitions Conference developed an expanded view of sepsis 
and developed the concept of a staging system for sepsis based on four separate characteristics 
designated by the acronym PIRO. P stands for the predisposition, indicating pre-existing co-
morbid conditions that would reduce survival. I is the insult or infection, which reflects the 
clinical knowledge that some pathogenic organisms are more lethal than others. R represents the 
response to the infectious challenge. The last letter O stands for organ dysfunction and includes 
organ failure as well as the failure of a system such as the coagulation system [13].

Sepsis originates as an isolated infection of microorganisms that become mobile in the 
circulatory system. Bacteremia is rarely associated with any signs or symptoms and most 
microorganisms are readily removed from circulation by the humoral immune system. When 
microbes begin to reproduce in the circulatory system and the body is unable to remove them at 
an adequate rate, septicemia develops, and a systemic inflammatory response is initiated. This 
syndrome, SIRS, is one of the primary disease patterns in sepsis. The progression from sepsis to 
septic shock follows the significant increase in serum levels of TNF-a, IFN-a, IL-1B, IL-8, and IL-6. 
Shock is a condition defined by inadequate tissue perfusion and emdash; in this case resulting 
from vasodilation due to increased cytokine levels and intravascular fluid shifting. TNF-a levels 
also increase, which is believed to be responsible for the onset of disseminated intravascular 
coagulation (DIC). These conditions, together with renal and liver failure, cause cardiac collapse 
and respiratory failure (ARDS) [10,14] (Figure 1).
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Figure 1: Diagnostic sepsis phases.

CLINICAL SIGNS AND SYMPTOMS 
The signs and symptoms of sepsis vary according to the associated disease processes. 

However, most symptomology is universal. Sepsis is preceded by a period of altered mental status 
for approximately 24 hours before other signs develop. Fatigue, malaise, myalgia, nausea, and 
vomiting are common early signs. Fever initially develops, but declines to hypothermia in late 
stages. Elevated heart rate and respiratory rate develop as blood pressure becomes erratic. Blood 
pressure eventually declines dramatically as plasma shifts and vasodilation worsens. Impaired 
renal function is evident with decreased urinary output, as is liver failure with jaundice [15-17]. 

DIAGNOSIS 
Clinical laboratory diagnosis is crucial to avoiding delay in treatment [18]. Thus, one-quarter 

of patients with sepsis have inadequate treatment and worse prognosis as a consequence of a 
delayed diagnosis. [19,20]

In other words, laboratory tests should aim to identify compromised systems or organs, 
including indicators of inflammatory response in peripheral blood (pro-inflammatory mediators 
and acute phase indicators) and indicators of organic disorders. Enhanced serum lactate, 
cytokines, colony stimulating factor, and granulocyte markers of inflammation may be early 
indicators of more severe conditions, such as SIRS.
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Hematological Assessment

Blood count analysis and peripheral blood smear tests are usually the first results to be 
obtained and can provide important information for the clinical management of patients. Frequent 
leukocytosis is noticeable in patient with sepsis. However, leukopenia or pancytopenia may also 
be found. [21]. Neutrophilia with a left shift and the presence of immature granulocytes with toxic 
granulations can be found. The latter, when present in large numbers, is a marker of severity of 
infection.

Inflammatory mediators cause increased vascular permeability and immune cells chemotaxis 
to the site [22-27] In this process, neutrophils move out of the capillaries, enter the tissues, 
releasing proteolytic enzymes and reactive oxygen species [28,29]. Platelets are then attracted 
to and stick to the damaged endothelium. Platelets and leukocytes occlude the microvasculature 
leading to a decrease in the blood flow. Following, there is a need to increase oxygen offered to 
tissues, but this is impossible due to vascular changes.

In addition, there is activation of the coagulation cascade secondary to the complement system, 
causing a reduction of anticoagulants factors. In patients with microvascular coagulopathy, it is 
possible to find different degrees of thrombocytopenia and microangiopathy, with or without the 
presence of erythroblasts, and schizocytes [30]. Thrombocytopenia is an independent prognostic 
marker of mortality in sepsis and should be carefully investigated. The course of sepsis may 
be the result of drug use, post-transfusion purpura, thrombotic thrombocytopenic purpura, 
disseminated intravascular coagulation, or heparin- induced thrombocytopenia [31]. Thus, these 
candidates for diagnostic markers should be intensively investigated in the near future.

Microbiological Evaluation

It is paramount to identify the causative agent in order to choose an adequate antibiotic 
therapy. Microbiological evaluation includes direct tests and blood (at least two) or other body 
fluid culture such as urine, cerebrospinal fluid, feces, secretions, and exudates [32]. Preferably, 
the sample collection should be performed before the use of antimicrobial therapies.

•	 For hospitalized patients, material for culture can also be collected through other methods, 
including venous or arterial catheters (blood catheters), urinary catheter, tracheotomy 
(tracheal aspirate), and sutures or scars from recent surgeries [33]. Although blood culture is 
the currently adopted method, several patients with sepsis have negative results for this exam.

•	  The use of automated systems for monitoring blood cultures (VITEK, ESP Culture Trek 
Diagnostic Systems; BacT / Alert and BACTEC the bioMérieux BD) increases the speed and 
improves their efficiency. [33,34]. Most systems monitor the consumption of carbon dioxide 
(CO2) by colorimetric methods, generally detecting positivity after 48 hours.  An important 
point to highlight is the way in which the sample collection is performed, in order to avoid 
false positives and contamination with skin flora.
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Biochemical Assessment

In sepsis there is a great variation of the patient’s electrolytes levels and elevated levels 
of liver enzymes due to hypoxia. There is also a pronounced hyperglycemia with a hyper- or 
hypocoagulable state, and metabolic acidosis with respiratory compensation and increased anion 
gap due to lactic acid production are commonly found [35]. The use of biochemical diagnostic 
markers is vital to determine the prognosis of the patient. The use of gas analysis and other tests 
such as lactate, albumin, C-reactive protein (PCR), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and hemopexin levels are important not only to indicate patient status, 
but also to give a good picture of the changes in blood homeostasis. [36-38] 

•	 Gas analysis also provides important information regarding the patient’s need for fluid 
replacement, since the presence of elevated PCR, ALT, and AST is relatively common in 
sepsis. This may be due to liver injury, post-ischemic condition, and it might also indicate 
drug toxicity, or be a synonym of direct aggression of the hepatocytes with mitochondrial 
dysfunction. Lactate levels, for which tests are available in most hospitals and are relatively 
low cost, appear to be associated with increased mortality risk in sepsis [39].

•	 Albumin is an independent diagnostic marker of severity and mortality in sepsis. During 
inflammation, there is a leakage of serum albumin to the interstitium and albuminuria in 
varying degrees. The albumin role is better established in patients with liver dysfunction, 
ascites, and acute lung injury [40].

•	 Natriuretic peptides (NP) are released by atrial distension and play important role in 
regulating blood volume, and are considered markers of heart failure. In patients with septic 
shock, increased levels of NP are associated with higher mortality by myocardial-depression 
[41-45].

•	 Blood lactate levels can also be useful in evaluating severe sepsis. [46,47] Serum lactate is 
a good indicator of the presence of hypoxic tissue during septic shock, since its production 
takes place during anaerobic metabolism. In addition, serial measurements of lactate levels 
in septic patients are more appropriate to assess disease progression rather than a single 
measurement [48].

•	 The determination of plasma procalcitonin (PCT) can also be valuable in early diagnosis of 
patients with severe sepsis [49]. PCT is the precursor of calcitonin, and higher levels are 
associated with the development of severe sepsis. Commonly, there is an elevation of PCT 
levels 4 h after the onset of symptoms, peaking between 8 h and 24 h [50]. There is evidence 
that PCT levels are higher in infections caused by Gram-negative than those caused by Gram-
positive bacteria  [51] and it seems to be more specific than PCR [52].

•	  Pentraxin 3 (PTX3): PTX3 is an inflammatory mediator produced by neutrophils, 
macrophages, myeloid dendritic and endothelial cells and is believed to be early marker of 
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severity and outcome in sepsis. PTX3 correlates with severity of sepsis, with sepsis-associated 
coagulation/fibrinolysis dysfunction and mortality especially over the first few days [53].

•	 Serum calprotectin : Serum Calprotectin (aka MRP8/14, calgranulin, cystic fibrosis-
associated antigen), a complex of S100A8 and S100A9 is actively secreted via autocrine and 
paracrine mechanisms in phagocytes, endothelium, and other cells during stress response and 
it augments the inflammatory response in infections. It is an endogenous activator of TLR4 
and promotes lethal, endotoxin-induced shock and a potent amplifier of inflammation in 
autoimmunity as well as in cancer development and tumor spread. Calprotectin protects cells 
against invasive microorganisms and regulates adhesion of leukocytes to the endothelium and 
extracellular matrix during the inflammatory process. Calprotectin is an early, accurate, and 
easy-to-use marker of neonatal sepsis [54].

•	 C-Reactive Protein: CRP is useful in the detection of sepsis and it is more sensitive than WBC 
although is now superceded by other better markers. The plasma CRP levels were significantly 
related to the infectious status (Negative, Unlikely, Probable or Definite). Concentrations of 
CRP in the Negative and Unlikely groups were significantly lower than in the Probable and 
Definite ones. A plasma CRP of 50 mg/l or more was highly suggestive of sepsis (sensitivity 
98.5 %, specificity 75 %) [55].

•	  Lipopolysaccharide-binding protein : LPS-binding protein (LBP), mainly synthesized in the 
liver, is a polypeptide that binds LPS. The LPS-LBP complex initiates signal transduction 
according to LBP level. This complex complex has a dual action, enhancing and inhibiting 
LPS signaling at low and higher levels, respectively [ 56]. Serum LBP level increases several-
fold in sepsis, making it useful for diagnosis [57,58]. It may also be effective as a predictive 
marker for disease severity and outcome [59,60]. However, LPS and LBP levels are affected 
by administration of antibiotics and generally do not correlate to the clinical course of sepsis 
[61]. Therefore, it is of limited use as a sepsis biomarker.

Immune Assessment

During an immune response, there is activation of various mechanisms of host defense against 
a pathogen, such as inflammation, complement and coagulation cascades, polymorphonuclear 
(PMN) activation, and chemoattraction to the site [62,63]. Among those markers used as mediators 
in sepsis there are cytokines such as tumor necrosis factor alpha (TNF)-α, interleukin (IL) -1, IL-
6, IL-8, IL-10, and interferon (IFN)-γ, and the presence of bacterial products in the blood or the 
bacterium itself. IL-1 and TNF-α cytokines are the first cytokines released in an infection and 
stimulate cellular response [15,64-69].

•	 A good example of an acute mediator is IL-6, which is also a predictor of the severity and 
prognosis of sepsis. 

•	 Mid-regional proadrenomedullin: Like PCT, proadrenomedullin (proADM) is a kind of 



9Sepsis | www.smgebooks.com
Copyright  Mittal S.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

“hormokine” that encompasses the cytokine-like behavior of hormones during inflammation 
and infections. Adrenomedullin (ADM) is a 52-amino-acid peptide produced by the adrenal 
medulla. ADM is produced during physiological stress and has various functions including 
vasodilation and anti-inflammatory and antimicrobial effects [70]. Plasma ADM concentration 
and ADM gene expression increases in patients with sepsis [71]. However, ADM is rapidly 
cleared from the circulation, making measurements unreliable. Therefore, instead of ADM, 
serum quantification of the mid-regional fragment of proADM has been studied. Recent 
clinical data have shown that circulating mid-regional proADM levels are significantly higher 
in patients with sepsis than in patients with systemic inflammatory response syndrome 
(SIRS) [72]. A recent study of febrile patients with hematologic malignancies reported that 
proADM could predict localized bacterial infections and differentiate sepsis from SIRS [73]. 
In addition, proADM is responsible for hypotension associated with severe sepsis, which has 
been proposed as a good marker for risk assessment and predicting sepsis prognosis [ 72,74] 
. If further data support these findings on the predictive value of proADM, it could be useful 
as both a prognostic marker and a diagnostic marker for early stages of localized infections.

Note: It is necessary to process the sample immediately, because these proteins are labile and can 
easily change or be degraded.

Cytokine/chemokine biomarkers

TNF 

TNF receptor signaling pathway (TNFR1 and TNFR2) plays a central role in the activation 
of innate immunity in response to pathogens. TNF is responsible for reduced neutrophil 
extravasation, migration to the infectious site and in neutrophil apoptosis. Absence of TNFR 
signaling leads to a decreased local and systemic inflammatory response with diminished organ 
injury. TNF levels are known to be significantly higher in septic shock than in sepsis without 
shock [75].

High Mobility Group Box Protein-1 (HMGB1) 

HMGB1 is an important late mediator of endotoxin shock, intra abdominal sepsis, and acute 
lung injury, and a promising therapeutic target of severe sepsis [76].

Monocyte chemoattractant protein (MCP)-1 

MCP-1, a prototype of CC chemokines, is a potent chemoattractant and a regulatory mediator 
involved in a variety of inflammatory diseases. Anti-MCP-1 strategies have shown promise in the 
treatment of sepsis and endotoxemia [77].

Growth-related oncogene-alpha (GRO alpha) 

GRO-alpha, a member of the CXC chemokine family, induces endothelial dysfunction through 
oxidative stress and downregulation of Enos. High levels of GRO-alpha is seen in meningococcal 
sepsis/ septic shock and endotoxin induced shock [78].



10Sepsis | www.smgebooks.com
Copyright  Mittal S.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

Interleukins 

Interleukins play a major role in the initiation/propagation of sepsis. IL1-beta is increased in 
septic compared to non septic patients [79]. IL-2 rise parallels the severity of sepsis where as IL-4 
is associated with development of sepsis [80,81] Soluble interleukin-2 receptor levels facilitate 
the diagnosis of sepsis in premature infants with negative blood culture results. IL-8 predicts 
development of multiorgan dysfunction and DIC (Disseminated Intravascular Coagulation)and 
IL-12 helps predict lethal outcome after post-operative sepsis [82,83]

Others 

Macrophage inflammatory proteins (MIP-1 and MIP-2), Macrophage migration inhibitory 
factor (MIF), Osteopontin and RANTES have all showed association with sepsis [84].

Cell surface markers and soluble receptors

1) CD64: CD64 is a membrane glycoprotein with increased expression in patients with 
bacterial infections. CD64 expression increases hours after activation of innate immunity; it is 
not expressed by PMN in healthy individuals. Therefore, CD64 expression can reflect very early 
stages of infection and help to both make early diagnosis and predict prognosis. The CD64 index 
has been suggested to be predictive of positive bacterial cultures and a useful test for management 
of sepsis and other significant bacterial infections [85]. 

2) Soluble triggering receptor expressed on myeloid cells 1 : Soluble triggering receptor 
expressed on myeloid cell 1 (sTREM-1) is a soluble form of TREM-1, a glycopeptide receptor 
expressed on the surface of myeloid cells such as PMNs, mature monocytes, and macrophages. 
TREM-1 expression increases in bacterial or fungal infections [86-88] . A prospective study by 
Gibot et al. suggested that the sensitivity and specificity of sTREM-1 for diagnosis of sepsis are 
comparable to that of CRP and PCT [89,90]. 1 may be useful for sepsis diagnosis or predicting 
sepsis prognosis. The usefulness of sTREM-1 as a biomarker requires further evaluation in clinical 
settings either measured alone or combined with other biomarkers.

Angiopoietin

Angiopoietin (Ang)-1 and -2 are endothelial-derived vascular growth factors that play 
opposing roles during sepsis. Ang-1 stabilizes the endothelium, whereas Ang-2 facilitates loss 
of endothelial integrity and vascular leakage. Ang-1 or Ang-2 activates the transmembrane 
endothelial tyrosine kinase Tie2, which mediates the quiescent, healthy state of blood vessels 
[91]. Ang-2 plays a crucial role in induction of inflammation [91,92]. Elevated levels of circulating 
Ang-2 are associated with sepsis with multiorgan dysfunction, which is indicative of impaired 
vascular endothelial integrity. A cohort study revealed that elevated Ang-1 and lower Ang-2 levels 
were observed in sepsis survivors [93]. The endothelium and Ang-Tie2 receptor ligand system 
have been the recent focus of ongoing sepsis studies.
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Molecular Diagnosis 

The use of molecular biology techniques to diagnose new cases of sepsis is necessary. These 
techniques can detect the presence of LPS in the blood, expression of High-Mobility Group Box 
(HMGB) -1 or even identify bacterial DNA [70]. These tests, however, are not 100% accurate, 
but they do strongly indicate the presence of sepsis. Detection of bacterial DNA fragments by 
real-time polymerase chain reaction (RT-PCR) in blood samples, or 16S rRNA fragments of Gram-
positive and Gram-negative bacteria and Candida in the 18S rRNA might be very promising to 
help early detection of sepsis, since they have shown a high degree of specificity and sensitivity. 
The main disadvantages of these techniques are the high costs, the lack of standardization, and 
the need for skilled personnel to perform them [14].

CONCLUSION
Sepsis is associated with high mortality rate , so diagnosis of sepsis is very important at 

earliest and biomarkers are useful for early diagnosis , predictionof outcome and guiding 
antibiotic therapy. Combination approaches of biomarkers with new techniques needs to be 
further evaluated. The ideal test should be precise, affordable, reproducible, fast, and show high 
specificity and sensitivity.
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