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Introduction 
 

Annually, many of patients are deaths due to 

infection diseases. Sepsis is leading causes of 

death every year with at least 19 million cases 

especially in low- and middle-income 

countries (Adhikari et al., 2010). The 

occurrence, severity and mortality rates in 

sepsis in humans are increasing globally, 

although the availability of immediate fluid 

resuscitation, antibiotics and improvement in 

intensive care unit, sepsis patients can rapidly 

deteriorate into septic shock—leading to 

multiple organ failure and death (Hotchkiss 

and Karl, 2003). 

 

In the first days of the early acute 

inflammatory phase, some sepsis patients die. 

However, the majority of sepsis patients die 

after several days from secondary infections 

due to the immunosuppression. Many different 

immune cells, inflammatory mediators, and 

coagulation factors are involved in the 

pathophysiology of sepsis. Nevertheless, it is 

remains incompletely understood (Hotchkiss 

and Karl, 2003). 

 

The virulence of the germ infections is not the 

main reason to cause damage in sepsis but also 

because of the host response after the 
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The occurrence, severity and mortality rates in human sepsis are increasing 

worldwide despite an increasing numerous clinical and experimental 

studies investigating sepsis. Sepsis is a severe clinical syndrome associated 

to the host response to infection. An auto-amplifying cytokine production: 

the cytokine storm is the main reason leading to the severity of infections. 

Cytokines are a large group of protein molecules that control the immune 

response during the inflammation in the body. Although, advancing in our 

knowledge about the processes that activate release great amount of 

cytokines, these understandings could not translate yet into effective 

treatments and diagnosis. This review aims to summarize our knowledge 

about most important inflammatory mediators in sepsis pathophysiology. 
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detection of molecular patterns in the 

microorganisms [the pathogen-associated 

molecular patterns (PAMPs)]. Infection will 

cause a local reaction that will extend to the 

entire body mainly through the circulation of 

immune cells and soluble mediators 

(Chousterman, Swirski and Weber, 2017).  

 

During the immune response, the different 

leukocytes and their metabolites are directed 

to kill the invading pathogen. Therefore, to 

provide the effective immune response 

without inflicting self-damage, the immune 

system needs to recognize and direct the 

appropriate immune response against the 

foreign invaders. The body to ensure 

appropriate responses has used many different 

mechanisms. However, this mechanism 

occasionally fails leading to severe tissue 

damage and death (Chousterman, Swirski and 

Weber, 2017).  

 

In sepsis, cell and organ damage due to release 

of ―inflammatory‖ cytokines that induce new 

cytokine production. This ―cytokine storm‖ or 

―cytokine cascade‖ is responsible for the 

various signs associated with infection. 

Ultimately, a severe clinical syndrome, 

―sepsis‖ can be observed, when a threshold is 

crossed. It has a dramatic effect on morbidity 

and mortality (Chousterman, Swirski and 

Weber, 2017).  

 

Definition and epidemiology of sepsis 

 

In 1985, many of scientists hypothesized that 

sepsis is the host immune response to the 

invading pathogen. In 1992, the Society of 

Critical Care Medicine (SCCM) and the 

American College of Chest Physicians 

(ACCP) determine the criteria for sepsis and 

systemic inflammatory response syndrome 

(SIRS) due to the interchangeable use of 

terms, such as infection, bacteraemia, 

septicemia, sepsis etc., has led to confusion 

(Bone et al., 1992).  

At that date sepsis was defined as a systemic 

inflammatory response syndrome (SIRS) due 

to infection and ―Severe‖ sepsis was defined 

as sepsis associated with organ dysfunction, 

hypoperfusion, or hypotension. Also, ―septic 

shock‖ was defined as sepsis with arterial 

hypotension in spite of adequate fluid 

resuscitation (Singer et al., 2016).  

 

This definitions have been under discussion 

ever since and theses criteria were found to be 

unspecific. In 2001, the definitions were 

revisited sepsis as SIRS due to infection 

(assumed or confirmed) and severe sepsis as 

sepsis associated with acute organ dysfunction 

(Fig. 1). In 2016, a new definition of sepsis 

called Sepsis-3 and emerged to Sepsis is life-

threatening organ dysfunction due to a 

dysregulated host response to infection. This 

definition retuned the focus in the importance 

of organ dysfunction as a key diagnostic 

feature and highlighted the clinical findings in 

this syndrome. Therefore, unexplained acute 

organ failure in a critically ill patient should 

raise suspicion of possible sepsis. Moreover, 

and the quick Sequential Organ Failure 

Assessment (qSOFA) scoring system was 

advanced for the early identification of 

simultaneous organ dysfunction in sepsis (Gül 

et al., 2017).  

 

Recent data regarding sepsis epidemiology 

show that sepsis continues to cause 

progressively more frequent and enduring 

problems in ICU‘s with high mortality, 

morbidity and hospital costs (Vincent, 2008). 

There is a great difference in sepsis 

occurrence throughout the world due to 

difference in the use of recommended 

definitions and a variance in local settings, and 

the full magnitude and impact of sepsis is not 

known (Gaieski et al., 2013). Annually, there 

are between 15 and 30 million of sepsis cases 

worldwide (Fleischmann et al., 2016) 

(Adhikari et al., 2010). Death from septic 

shock were often is about 80 %. However, 
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with better surveillance and monitoring, 

support failing organs, advanced in training 

and therapy, mortality is now closer to 20-30 

% in many series. Importantly, many of 

researchers have noted that sepsis patents that 

still not die until hospital discharge remain at 

risk for death in the following months and 

(Angus and van der Poll, 2013). 

 

The majority of sepsis cases are caused by 

bacteria, whereas the viral, parasite and fungi 

being less frequent (Beale et al., 2009). 

However, study including 14,000 ICU septic 

patients in 75 countries reported that Gram-

negative bacteria dominated then Gram-

positive bacterial and fungal infection(Vincent 

et al., 2009). It obviously appears that this 

cytokine storm-induced syndrome is a major 

public health issue. Unfortunately, In spite of 

advanced in sepsis understanding and studies, 

all clinical trials aiming to targeting the 

cytokines or dampen the inflammatory 

response failed (Chousterman, Swirski and 

Weber, 2017). 

 

In this review, we will describe in detail the 

most important inflammatory mediator's role 

and their impact in sepsis pathophysiology 

 

Acute phase response and C-reactive 

protein in sepsis 

 

An acute phase response is triggered after 

pathogen recognition, leading to releasing a 

vast of proteins and some physiological 

changes including fever, altered lipid 

metabolism and activation of both coagulation 

and complement pathways. The major acute 

phase proteins includes C-reactive protein 

(CRP) and serum amyloid, induced by IL-1 or 

TNFα or IL-6 and play important role in 

antibacterial immunity (Sriskandan and 

Altmann, 2008). 

 

Hepatocytes and other cells like alveolar 

macrophages, synthesize CRP. Initially, after 

the activation of liver cell by IL-6, the CRP is 

produced and elevated in 6 h after this 

activation (Sprung et al., 2008) and (Pepys 

and Hirschfield, 2003). Due to its ability to 

binds to several structures in bacterial 

surfaces, CRP has multiple functions 

including: facilitates bacterial opsonization 

and activates the complement system. 

 

In healthy patients, CRP plasma concentration 

remains stable but its levels increase more 

than a thousand fold within a few days after 

immune activation such as trauma, 

inflammation, and other stimuli related to 

tissue damage. Therefore, CRP is a suitable 

biomarker for acute care situations (Sprung et 

al., 2008; Pepys and Hirschfield, 2003). 

 

After Bacterial infections, CRP levels rapidly 

rise in a few hours due to IL-6 stimulation, 

also other cytokines (such as IL-1 and TNF-a) 

contribute to produceit. Alterations in plasma 

levels of CRP may be suitable in the diagnosis 

and prognosis of infection; a decrease in 

plasma levels indicates infection resolution 

and antimicrobial efficiency of treatment 

(Póvoa et al., 2005).  

 

Nevertheless, CRP is quite unspecific because 

it is released regardless of infectious or 

noninfectious origin of inflammation. 

Therefore, Number of inflammatory 

conditions such as trauma, chronic 

inflammatory diseases and are associated with 

CRP production. Hence, CRP is not a specific 

indicator of bacterial infections. Consequently, 

sepsis progression is poorly correlated with 

changes in CRP level which makes CRP 

unreliable in sepsis diagnosis (Sprung et al., 

2008) and (Pepys and Hirschfield, 2003).  

 

On the other hand, CPR is characterized by its 

great sensitivity as soon as the inflammation is 

started and increased after 6 h of IL-6 

activation with a half-life of 20–24 h 

(Hausfater, 2014; Mussap et al., 2013). 
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Moreover, CRP laboratory tests are less 

expensive than cytokine measurements (Póvoa 

et al., 2005). 

 

Procalcitonin (PCT) 

 

PCT is a precursor peptide for the hormone 

calcitonin. Under homeostatic conditions, PCT 

is mainly produced in the thyroid, 

neuroendocrine cell lung and small intestine. 

In healthy individuals, the PCT Serum level 

are extremely low, <0.05 ng / ml, or even 

immeasurable. In particularly bacterial 

infections, systemic inflammation response 

distinguished by PCT secreted in huge 

quantities up to 1000 times. In addition, it is s 

released in a number of tissues (liver, lung, 

kidney, and adipose tissue) and immune cells. 

Moreover, it can be measured within 2-4 hours 

and reach the peak level within 6-24 hours of 

the stimulation (Mehanic and Baljic, 2013). 

 

In addition, the level of CRP starts to reach a 

peak after 48 hours. On the other hand, PCT 

can be used as a marker of infection and sepsis 

because it is increased within 2-4 h from the 

start of the innate immunity cascade. 

Nonetheless, PCT reach a maximum value 

earlier than CRP. Thus, this kinetic profile is 

favorable and considered in the detection of 

infections at risk of rapid progression (Mussap 

et al., 2013) and (Reinhart et al., 2012) and 

(Becker, Snider and Nylen, 2008). 

 

In addition, PCT concentration is not affected 

by immunodeficiency conditions, neutropenia 

and the use of steroid or non-steroid drugs, 

while the CRP is not stable. Furthermore, the 

concentration of PCT follows the severity of 

infection and the greatness of the 

inflammatory response. Therefore, the 

persistence of high values or the rise in PCT 

level is considered as prognostic indicator for 

severe forms of the disease with an adverse 

outcome (Mehanic and Baljic, 2013).  

 

Actually, PCT is an effectiveness indicator of 

applied therapy, because its concentration is 

cut in halves 24 hours once controlling the 

infection, either with the immune system or a 

prescribed antibiotic, which reduce the use of 

antibiotics and cost of treatment (Mehanic and 

Baljic, 2013). 

 

For both in inpatient and outpatient practice, 

when PCT is used in therapeutic guidelines, it 

helps to reduce the antibiotics usage without 

effects on the outcomes of the disease. In 

conclusion, once PCT is used in combination 

with other relevant laboratory parameters as a 

supplement to clinical observation of doctors, 

PCT has therapeutic and diagnostic 

significance in many indication areas 

(Mehanic and Baljic, 2013).  

 

In comparing with all other presently available 

sepsis markers, PCT have potential for 

discriminating between infectious and non-

infectious systemic inflammation (Harbarth et 

al., 2001). In addition, it may be capable to 

differentiate between viral and bacterial 

infections (Ahn et al., 2011). 

 

In specific comparing between CRP and PCT, 

it has been found that PCT is particularly 

higher specificity and sensitivity for bacterial 

infection detection (Karlsson, 2015). 

 

Several studies have reported that PCT could 

be used in distinguish between sepsis and 

SIRS of non-infectious origin, differentiate 

sepsis patients with or without bacterial origin, 

correlate the PCT level with severity of 

bacterial infection and aid to predict mortality 

in humans with sepsis. On the other hand, 

recent studies have been shown that PCT is 

increased in in a number of non-infectious 

conditions such as malignancies, trauma and 

pancreatitis, which limits its specificity to 

infection and sepsis (Karlsson, 2015).  

 

 



Int.J.Curr.Microbiol.App.Sci (2018) 7(3): 1763-1776 

1767 

 

Nevertheless, PCT can be used to assess the 

progression of multi-organ failure and septic 

shock (Yaegashi et al., 2005). Two reports 

tried to found a PCT-algorithm that is 

beneficial to manage sepsis antibiotic 

treatment based on PCT serum concentration 

changes with inconsistent results. Jansen et 

al., showed that this algorithm correlated with 

the prolonged admission to the ICU without 

any development in the survival rate(Jensen et 

al., 2011), while Bouadma and colleagues 

showed this algorithm may decrease antibiotic 

exposure (Bouadma et al., 2010). 

 

Many studies show that PCT value may 

distinguish Gram-positive from Gram-

negative and fungal infections. Furthermore, 

Leli and colleagues show that that PCT cut-off 

of ≥10.8 ng/mL may suggest an infection by 

Gram-negatives and the >1.3 ng/mL could be 

of help in ruling out a fungal bloodstream 

infection. A PCT cut-off ≤3.1 ng/mL could 

suggest exclusion of infection by 

Enterobacteriaceae. Nonetheless, using PCT 

to predict different microorganisms needs to 

be evaluated in further studies including 

detailed patient information (Leli et al., 2015). 

 

Cytokines in sepsis pathophysiology 

 

Cytokines are small proteins (<40 kDa) that 

are broadly produced with the final aim of cell 

signaling (Dinarello, 2007). Cytokines can be 

divided into several categories: interleukins, 

interferon's, chemokine's, growth factors, and 

tumor necrosis factor. Furthermore, the most 

important group of cytokines is Interleukins 

that are secreted during infectious processes. 

They are released by leukocytes and 

endothelial cells and contribute to cell 

signaling and endorse activation, proliferation, 

death of immune cells (Chousterman et al., 

2017). 

 

Cytokines effects begin by binding to cell 

surface receptors. Subsequently, receptor 

activation causing activation of intracellular 

cascades, in the end leads to a bio- logical 

effect. A majority of cytokines is secreted in 

response to antigens but a minority of 

cytokines is constitutively expresses. Gene 

expression of cytokines is strongly regulated 

with rapid transcription and translation of 

proteins because of the facultative expression 

of these molecules (cytokines). For example, 

the production of pro-inflammatory cytokines 

such as IL-1 and IL-6 due to stimulation of 

transcription factor nuclear factor κB (NF-κB) 

(Burkovskiy et al., 2013). 

 

Indeed, cytokine play an important role in 

sepsis and are regulated by the network of pro- 

-inflammatory cytokines (including TNFα, IL-

1β, IL-6, IL-8, IL-12 and IL-17), followed by 

release anti-inflammatory cytokines(including 

IL-1 receptor antagonist (IL1ra, IL-4, IL-10, 

IL-13, and TGF-β) (Devi Ramnath et al., 

2006). Pro-inflammatory cytokines assistance 

to up regulates the immune system during 

cellular stressors or after antigens detection. 

While Anti-inflammatory cytokines modulate 

and decrease the immune response to return to 

homeostasis after antigens are eliminated 

(Burkovskiy et al., 2013). 

 

For a long time, two phases of sepsis have 

been named: first phase named the systemic 

inflammatory response syndrome (SIRS), 

which is characterized by production of pro-

inflammatory cytokines, from which the term 

―cytokine storm‖ arose (Aikawa, 1996). 

Afterward, SIRS phase is followed by a 

secondary phase called compensatory anti-

inflammatory response syndrome (CARS) 

with production of anti-inflammatory 

cytokines which restore immunological 

equilibrium (Tamayo et al., 2011). 

Immediately, the secretion of pro-

inflammatory and immunosuppressive 

cytokines begins after onset of sepsis. To 

ensure the balance between these two phases, 

the host‘s need to maintain defense and 



Int.J.Curr.Microbiol.App.Sci (2018) 7(3): 1763-1776 

1768 

 

minimizing self-induced tissue damage 

(Hotchkiss, Monneret and Payen, 2013). 

Consequently, the net effect of these two 

opposite responses is usually leading to hyper-

inflammatory phase and a secondary 

immunosuppressive phase (Manuscript, 2012). 

 

Pro-inflammatory cytokines  

 

Pro-inflammatory cytokines are fundamental 

in regulating the inflammation, trauma and the 

immune response to infection ( 

Table.1 Principal of pro-inflammatory 

cytokines including their sources, sites of 

action and their biological functions 

adapted of ). Because TNF-α and IL-1 play 

crucial role, they bind to target cells and 

activate production of more inflammatory 

mediators (Badiu et al., 2011) and (Siqueira-

Batista et al., 2012) The production of a 

number of pro-inflammatory cytokines occurs 

simultaneously with generalized contribution 

of pathogen-responsive cells that results in 

sepsis (Gomes et al., 2015) (Fig. 2). 

 

Many of experiments have been stated that 

cytokines are released in a sequential manner 

or a ―cytokine cascade‖. After a stimulus 

induction, the cytokine cascade is initiated 

which lead to production of early or 

―proximal‖ cytokines such as TNF-α and IL-

1þ. In addition to endotoxin, proximal 

cytokines activate the production of later or 

―distal‖ cytokines, including IL-6 and IL-8 

(Blackwell and Christman, 1996). 

 

Early cytokines including TNF-α and IL-1þ 

mediate most of the physiological conflicts 

which are characteristic of sepsis(Blackwell 

and Christman, 1996). Specifically, IL-1β 

stimulates the amplification cascade and 

induces the synthesis of various inflammatory 

genes such as IL-6, IL-8 (Chousterman, 

Swirski and Weber, 2017).  

 

During sepsis, the early cytokines are released 

within 30-90 minute period after exposure to 

stimulus. Interestingly, these cytokines are 

derived mainly from macrophage and share a 

remarkable array of biological effects. In 

addition, they are responsible for activating 

lipid mediators, late ―distal‖ cytokines, 

reactive oxygen species (ROS), and cell 

adhesion molecules. Numerous studies have 

reported that IL-1β and TNF-α seems to be 

predictors of the severity of sepsis. However, 

using anti-TNF and anti-IL-1β to prevent 

death in septic patients are usefulness since 

the patient often comes to hospital at a late 

stage of disease and blocking these cytokines 

may be too late (Devi Ramnath et al., 2006). 

 

Tumor Necrosis Factor Alpha (TNF α) is a 

pro-inflammatory cytokine consist of a 17-

kDa protein released primarily by 

mononuclear phagocytes, which has 

pleiotrophic effects on target cells. TNF α is a 

main mediator of inflammation, and has been 

implicated in many of infectious and non-

infectious inflammatory diseases (Blackwell 

and Christman, 1996). Moreover, this cytokine 

with IL-1 synergistically have primary 

function to promote inflammation by signaling 

pathways through specific receptors to 

stimulate gene expression of key 

inflammatory cytokines. Also, TNFα helps to 

induce the endothelial adhesion molecules to 

recruit other immune cells to fight the 

infection (Burkovskiy et al., 2013). 

 

In addition, TNF-α is involved in the innate 

immune response and helps in macrophages 

and lymphocytes differentiation. The 

interaction between TNF-α and other 

cytokines endorses the production of pro-

inflammatory effector molecules. Therefore, 

TNF-α has a significant function in 

coordinating the inflammatory response and 

activating the cytokines cascade (Gomes et al., 

2015). 

 

In several studies using recombinant TNF-α 
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that is infused to human lead to SIRS with 

leucopenia, haemodynamic abnormalities, 

fever, coagulopathy and elevated liver 

enzymes. TNF-α is able to causing end-organ 

dysfunction which is shown in in severe 

sepsis. Many of experimental human and 

animal models of sepsis that induced by 

bacterial endotoxin show quickly activated of 

TNF-α in plasma within 60-90 minutes after 

infusion (Figure 3). Furthermore, the 

concentration of TNF-α is correlated with 

severity of sepsis and TNF-α elevated is poor 

prognosis in sepsis patients. Moreover, the 

continue measurement of TNF-α may be 

better predictors of outcome than single 

measurement (Blackwell and Christman, 

1996). 

 

Table.1 Principal of pro-inflammatory cytokines including their sources, sites of action and their 

biological functions adapted of (Gomes et al., 2015) 

 
Cytokines  Secreted By  Sites of Action and Biological Effects  

Interleukin-1α (IL-1α) and  

Interleukin-1β (IL-1β)  
Macrophages, dendritic cells, 

fibroblasts, endothelial cells, 

keratinocytes, hepatocytes.  

Endothelial cells: activation (inflammation, 

coagulation)  
Hypothalamus: fever  

Liver: synthesis of acute phase proteins  

Interleukin-6 (IL-6)  Macrophages, endothelial cells, T cells  
 

Liver: synthesis of acute phase proteins  

B cells: proliferation of antibody-producing cells  

Interleukin-8 (IL-8)  

 

monocytes, macrophages, neutrophils, 

and intestine, kidney, placenta, and 

bone marrow cells 

It is a chemotactic factor that attracts neutrophils, 

basophils, and T-cells during the inflammatory 

process m and involved in neutrophil activation 

Tumor necrosis factor (TNFα, TNFβ)  
 

Macrophages, NK cells, T cells  
 

Endothelial cells: activation (inflammation, 

coagulation)  

Neutrophils: activation  

Hypothalamus: fever  
Liver: synthesis of acute phase proteins  

Muscles, fat: catabolism (cachexia)  

 

Fig.1 SIRS and CARS. After onset of sepsis, the pro-inflammatory immune response and the 

anti-inflammatory immune response begin activation. During the first days, the majority of 

patients survive in this phase. However, the death is occurred due to the hyper-inflammatory 

immune response. If the sepsis continues, patients may die in immunosuppression phase due to 

secondary infections. Adapted from Hotchkiss, Monneret and Payen (2013) 
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Fig.2 Sepsis response including two phases: an early pro-inflammatory phase followed by a later 

anti-inflammatory phase. When both of these phases are balanced, an ideal response occurs. (A) 

An early excessive response lead to early mortality associated shock. On the other hand, An 

exaggerated later response lead to immunosuppression or immunoparalysis with multi- infections 

and multi- organ failure (B) (Webster and Galley, 2009) 

 

Early deaths 

Caused by overwhelming inflammation and 

multi-organ failure 

Late deaths 

Caused by secondary infection and persistent 

immunosuppression 
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Fig.3 Pro-inflammatory and anti-inflammatory cytokine production during sepsis. Adapted from 

Boontham et al., (2003) 

 

 
Interleukin 1 (IL-1) is synthesized by 

polymorphonuclear, mononuclear and other 

cell types and affects several of tissues. IL-1 

is named to proteins IL-1 α and IL1β which 

activate the same IL-1 receptors and therefore 

share the same biological activates. Also, they 

share many of biological activities of TNF-α. 

Nevertheless, IL-1 β is the predominant form 

of this cytokine released from stimulated 

monocyte and detected in plasma septic 

patients. After infusion of endotoxin, IL-1 β is 

increased in human. Similarly to TNF-α, IL-1 
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β stimulates the release the other cytokines 

including IL-6, IL-8 and TNF-α (Blackwell 

and Christman, 1996).  

 

Further studies have been detected IL-1 β in 

plasma of sepsis patients and it is not 

normally present in human plasma. IL-1 β 

reaches the peak after 4 hour of endotoxin 

injection and remain elevated in non-survival 

patients for 22 hour and subsequently return 

to normal in survivors. In conclusion, IL-1 β 

is increased in plasma of human sepsis 

patients and there is a correlation between the 

concentration of IL-1 β and the severity of 

sepsis but there is no convincing association 

with mortality (Blackwell and Christman, 

1996).  

 

Late pro-inflammatory cytokines including 

IL-6 and IL-8 reaches a peak concentration 

after TNF-α and IL-1β reaches a peak (Fig.3 

Pro-inflammatory and anti-inflammatory 

cytokine production during sepsis. Adapted 

from Boontham et al., (2003)). In more 

detail, IL-6 is 21-kDa glycoprotein released 

mainly by the tissue macrophages and by 

several cell types including lymphocytes, 

fibroblast, and endothelial cells in response to 

endotoxin and early cytokines such as TNF-α 

(Devi Ramnath et al., 2006). Actually, IL-6 

has several biological effects including 

induction of acute phase protein, stimulation 

of B- and T-lymphocytes, modulation of 

hematopoiesis, and functions as pyrogens 

(Blackwell and Christman, 1996). 

Furthermore, IL-6 is classified as both a pro-

inflammatory and anti-inflammatory cytokine 

and is linked with bacterial sepsis 

(Burkovskiy et al., 2013). 

 

Kuhus and colleagues found that after 

activation by endotoxin injection into healthy 

human volunteers, plasma IL-6 peaked at 4 

hours (Blackwell and Christman, 1996). 

Interestingly, high levels of IL-6 were noted 

in many inflammatory diseases such as 

autoimmune diseases, cardiovascular disease, 

or cancer. In sepsis, the appearance of plasma 

IL-6 may be related directly with TNF-α and 

IL-1β production and the exact role of IL-6 in 

sepsis are unclear and maybe related to 

capillary leakage and the activation of the 

complement pathway (Riedemann et al., 

2004) and (Riedemann et al., 2003). Similarly 

to IL-1β, high levels of IL-6 were consistently 

observed to be related with the severity of 

sepsis and the highest levels related with the 

worse outcome (Gouel-Chéron et al., 2012), 

(Wu et al., 2009) and (Kellum et al., 2007). 

According to the several studies of IL-6 in 

human disease, simply the concentration of 

IL-6 in sepsis seems to be a good marker of 

the initiation of the cytokine cascade and may 

reflect the association of host inflammatory 

response and sepsis severity. (Blackwell and 

Christman, 1996). 

 

Finally, plasma IL-6 measurements have still 

not been integrated into the routine clinical 

investigations, although there have been 

efforts to develop an IL-6 assay approved by 

the FDA and the plasma IL-6 measurements 

appeared to be promising. The main reason in 

the failure to use IL-6 measurement routinely 

in the clinical setting has more to do with the 

interpretation of the results, and their value 

when compared to existing biomarkers.  

 

Currently, IL-6 is used to evaluate the 

severity of the inflammatory response. 

Furthermore, the general consensus by most 

clinicians is that existing diagnostics, such as 

CRP, total and differential white blood cell 

count, and the clinical condition of the patient 

are sufficient to judge the severity of the 

inflammatory insult and there is no 

compelling need to add an additional 

biomarker (Gentile et al., 2013). 

 

IL-8 is a small, basic protein produced by 

many of cells including endothelial, 

phagocytes and mononuclear cells response to 
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multiple of stimuli including endotoxin and 

early cytokines.  

 

The primary functions of IL-8 are chemo-

attract and stimulate neutrophils to the site of 

inflammation functioning as a chemical signal 

that draws neutrophils to the site of 

inflammation (Gomes et al., 2015). Moreover, 

IL-8 has been reported in bronchoalveolar 

lavage fluids of patients with acute respiratory 

distress syndrome (ARDS) and contributed in 

the multiple organ dysfunction syndromes 

(Miller, Cohen and Matthay, 1996).  

In human sepsis, IL-8 production same as IL-

6 is activated by TNF-α. Nonetheless, many 

of studies show that the level of IL-8 Is 

elevated in patents with sepsis and this 

elevation is correlated with mortality rate. 

Several studies indicate that the main role of 

IL-8 in sepsis is activating and recruiting 

neutrophils to the site of infection which can 

result in tissue injury (Blackwell and 

Christman, 1996). 

 

During sepsis, IL-12 is also elevated and 

released by macrophages, dendritic cells, and 

lymphoblastoid cells. The main function of 

this cytokine is activating NK cells and 

inducing the differentiation of naïve T cells 

into type 1 helper T cells (TH1); 

consequently, a high amount of INFγ is 

released of these cells (Hsieh et al., 1993). 

 

Anti- inflammatory cytokines  
 

The most studied anti-inflammatory 

interleukins are IL- 1RA, IL-4, and IL-10. 

Nonetheless, anti-inflammatory cytokines are 

associated with the slowing of responses to 

causative agents, creating a compensatory 

anti-inflammatory response syndrome 

(CARS). Anti-inflammatory cytokines are 

more released when the patient survives 

suffering of the disorders associated to 

systemic inflammation (Gomes et al., 2015). 

 

IL-1RA is released by immune cells or 

epithelial cells and able to blocking the action 

of IL-1α or IL-1β inflammatory signals due to 

its ability to bind to IL-1R (Dinarello, 1998).  

 

IL-4 is predominantly released by TH2 and 

capable to stimulate both proliferation of T 

and B cells and shift of T cells towards a TH2 

profile (Wynn, 2015) and (Luzina et al., 

2012). Furthermore, IL-4 contributes to a very 

powerful downregulationof soluble and 

cellular pro-inflammatory activities. The role 

of IL-4 In sepsis is unclear. However, 

numerous of reports illustrated its 

pathophysiology in sepsis (Couper, Blount 

and Riley, 2008). 

 

IL-10 is the central anti-inflammatory 

cytokine and produced by several of immune 

cells including: dendritic cells, macrophages, 

B-lymphocytes, T-regulatory cells (TREGS), 

and natural killer T cells (NKT cells). 

Therefore, IL-10 helps modulate the pro-

inflammatory cytokines production during 

early stages of sepsis by making targets more 

tolerant to repeated pro-inflammatory stimuli 

and limiting pro- inflammatory effects. 

Recent reports have confirmed that IL-10 is 

demonstrable in plasma of sepsis patient and 

there is significant elevation in IL-10 in septic 

patient than in patient with sepsis alone 

(Blackwell and Christman, 1996). Many of 

other studies indicate that the main role of IL-

10 in sepsis may be based on the patient 

immune status. Thus, involving this cytokine 

is time critical during sepsis pathogenesis to 

give effective treatments (Burkovskiyet al., 

2013). 

In addition, a large amount of data has 

advised that IL-10 is a candidate for treating 

bacteria sepsis. Consequently, it has been 

reported that patients who die of sepsis do not 

release IL-10 and it reduces the mortality in 

various endotoxic or septic shock models 

(Devi Ramnath et al., 2006). 

 

The host response to infection agent is still 
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incompletely understood. Moreover, it has 

become widely accepted that sepsis is a 

complex and non-linear process. Furthermore, 

sepsis occurs when the inflammatory 

mediators are excessively released to 

eradicate the invader and restore homeostasis 

that called auto-amplifying phenomenon. 

However, we still lack a comprehensive 

integrative view, at the cell level, in time and 

space. Therefore, the next decade will 

probably see a more precise depiction of in-

cell, in-organ, and global response to 

infection. 

 

While the exact triggers that should be 

targeted are still to be identified, many of 

failed trials aim to damp this excessive 

cytokines activation or its consequences.In 

addition, there is need to develop new 

diagnostic tools to be more precise 

determination of the immune/ inflammatory 

status during sepsis, and may contribute in 

patients therapeutic strategy.  

 

In clinical practice, there has yet to be a way 

to prospectively use the cytokines profiles, 

although researchers have been capable to 

distinct cytokine profiles associated with 

sepsis severity, organ failure, and mortality. 

Multitude of studies both in support of and 

against the usefulness of cytokines as 

prognostic biomarkers mostly hampered by 

small sample sizes, variable patient 

populations, and heterogeneous biomarker 

assays. 

 

Multiplex cytokine approaches have been 

employed without to be accepted to be in 

clinical practice, only Procalcitonin has 

probability of entering the routine clinical 

practice in the immediate future. 

Nevertheless, Procalcitonin has been used for 

the identification of sepsis and to guide the 

discontinuation of antibiotic therapy when 

levels are not raised. 
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