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Abbreviations 
 
ACTH: Adrenocorticotropic hormone. 
APC: Activated protein C. 
APCs: Antigen presenting cells. 
ARF: Acute renal failure. 
ATP: Adenosine triphosphate. 
CARS: Compensatory anti-inflammatory response. 
CD: Cluster of differentiation. 
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GALT: Gut associated lymphoid tissue. 
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HF: Hemofiltration. 
HLA: Human leukocyte antigen. 
HPA: Hypothalamic-pituitary-adrenal axis. 
HSP: Heat shock protein. 
HSS: Hypertonic saline solution. 
IELs: Intestinal intra-epithelial lymphocytes. 
IG: Immunoglobulin. 
IL: Interleukin. 
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NTRODUCTIONI 
 
It has been over a century since endotoxin was isolated as the 

most important microbial mediator of sepsis. Since that time, 
experimental and clinical research has revealed the complex nature of 
the sepsis response, which, although an essential and necessary part of 
innate defense, can become deleterious, leading to organ failure and 
death. It has become abundantly clear that the intricacies of the 
molecular pathogenesis of sepsis, and the multitude of immunologic 
and physiologic processes that interact into the final expression of 
clinically evident severe sepsis will not yield to simple solutions. 
Indeed, sepsis may be considered as a syndrome, rather than a disease. 
Techniques that will enable the physician to characterize the immune 
response in individual septic patients are being developed and will 
allow therapies to be directed more appropriately (Jean et al, 2002) . 

 
The delicate and dynamic interactions between pro-

inflammatory cytokines, anti-inflammatory cytokines, procoagulants, 
natural anticoagulants, the complement system, lipid mediators, the 
neuro-endocrine system, the innate and acquired immune response, is 
now appreciated in considerable detail. The basic elements of 
microvascular physiology and the metabolic processes essential for 
survival and repair of damaged tissue in sepsis are increasingly 
understood at the molecular level. Similarly, advances in the 
understanding of mechanisms by which microbial pathogens evade 
host responses and cause disease, and the integration of humoral and 
cellular immune antimicrobial defenses has been clarified over the last 
two decades (Jean et al, 2002) . 

 
With the recent positive results from clinical trials and 

innovative anti-sepsis therapies, our basic understanding of the 
molecular pathogenesis of sepsis has moved forward at an accelerated 
pace. The precise molecular definition of the signaling mechanisms 
involved in lipopolysaccharide interactions is now increasingly 
understood with the discovery of the Toll-like receptors. The similarity 
between the Toll-like receptors and interleukin-1 is one of the most 
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remarkable recent discoveries in the evolution of the host innate 
immune response to microbial pathogens (Jean et al, 2002) . 

 
The management of sepsis can be considered in three parts, each 

important to patient outcome, and no one being sufficient alone: 
 

1. Anti-infection – Sepsis is, after all, a battle against an 
invading microorganism, and appropriate antimicrobial therapy 
is essential. Removal of the source of infection, by surgical 
drainage, if necessary is also a vital aspect of management. 
 
2. Hemodynamic stabilization – Septic shock is associated with 
an imbalance in the oxygen supply/demand ratio, and the 
restoration of blood flow, cardiac function, and adequate 
oxygenation are key factors in the treatment of sepsis and in the 
prevention of further organ dysfunction. Administration of 
oxygen and of fluids, with vasoactive agents as needed, remain 
essential first line strategies in the septic patient. 
 
3. Anti-sepsis therapies – Since the earliest discoveries of the 
pathways and mediators involved in sepsis, researchers have 
struggled to develop an effective anti-sepsis therapy. Now, there 
is a great sense of excitement and anticipation as recent clinical 
trials with innovative therapies for sepsis, including activated 
protein C, have proven to be remarkably successful (Jean et al, 
2002) . 
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Normal Response of the Human  Body to 

Pathogens 

 
Bacteria and man live, and have always lived, in a very close, 

symbiotic relationship. A considerable number of bacteria exist on the 
surfaces of every human being, predominantly in the digestive tract. 
Not surprisingly, the skin and gut mucosa are   the most important 
barriers for preventing bacterial invasion of the human host. However, 
when these barriers fail or are    artificially   disrupted (e.g. by burns, 
catheters, surgical wounds), the host becomes susceptible to pathogen 
invasion (Alain et al, 2008) .  

 
The second line defence is the immune system. Its function is 

recognition and eradication of pathogens and aberrant cells but must 
leave normal cells unharmed.  So, it incorporates a program that 
facilitates the killing of pathogens  and  also  a fail-safe suicide  
program  for removal  of  self-reactive clones that would otherwise 
attack normal tissues.  Self-tolerance and removal of autoreactive 
lymphocytes is essential for normal immune function (Marc et al, 
2002) . 

 
The immune system   has two arms,   an innate defence system 

and an acquired response element (Delves et al, 2000) . 
 

(1) The innate immune system: 
 

The innate (or inborn) immune system consists of humoral and 
cellular components. The humoral component contains cytokines, 
chemical substances that are directly toxic to invading microbes or that 
act as mediators for other cells. The cellular component includes 
circulating monocytes, tissue macrophages, neutrophils and 
lymphocytes (Annane et al, 2005) . 
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a) The cellular components of the innate immune system: 
 
Cells of the innate immune system can fight invading pathogens 

directly without involvement of the adaptive immune system although 
very close interactions exist with B- and T-lymphocytes. And they 
include: (Ochoa et al, 2005)  
 
1- Macrophages: 
 

Macrophages are white blood cells within tissues, produced by 
the division of monocytes. When a monocyte enters damaged tissue 
through the endothelium of a blood vessel (a process known as the 
leukocyte extravasation), it undergoes a series of changes to become a 
macrophage. Human macrophages are about 21 micrometres in 
diameter; they are capable of engulfing and digesting microbes. They 
can also recruit other phagocytes by secreting cytokines. They present 
particles of dispatched microbes (antigens) to lymphocytes and hence 
interact closely with the adaptive (cognitive) immune system (Alain et 
al, 2008) .   

 
2- Neutrophils:  
 

Neutrophils are the most abundant type of white blood cells in 
mammals. They form part of the polymorphonuclear cell family 
(PMNs) together with basophils and eosinophils. Neutrophils are 
normally found in the blood stream. In response to infection, 
neutrophils are increasingly liberated from the stimulated bone 
marrow, leading to a subsequent increase in the total neutrophil count 
(leukocytosis). In addition, more immature forms of neutrophils are 
released from the bone marrow, which can be differentiated using light 
microscopy (Alain et al, 2008)   

 
However, during the initial (acute) phase of inflammation, 

particularly as a result of bacterial infection neutrophils are one of first-
responders of inflammatory cells to migrate toward the site of 
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inflammation, firstly through the blood vessels, then through interstitial 
tissue, following chemical signals in a process called chemotaxis in 
presence of chemoattractant factors ( Nathan, 2006) . They are 
important phagocytes, but can also destroy invading pathogens by 
secreting toxic substances such as reactive oxygen species (Bayir et al, 
2005) .  

 
3- Eosinophil and basophil: 

 
Eosinophils  (1-6% of white blood cells) are one of the immune 

system components responsible for combating infection and parasites 
in vertebrates. They are granulocytes that develop during 
Haematopoiesis in the bone marrow before migrating into blood. These 
cells are eosinophilic or 'acid-loving': Normally transparent, they 
appear brick-red after staining with eosin. They are found in the 
medulla and the junction between the cortex and medulla of the 
thymus, and, in the lower gastrointestinal tract, ovary, uterus, spleen, 
and lymph nodes. Basophils are the least common of the granulocytes, 
representing about 0.01% to 0.3% of circulating white blood cells. The 
term basophils comes from the mystery that these leucocytes are 
basophilic, i.e., they are susceptible to staining by base dyes. Like all 
circulating granulocytes, basophils can be recruited out of the blood 
into a tissue when needed (Grattan et al, 2003) . 

 
Eosinophil and basophil granulocytes are responsible for 

secreting inflammatory mediators and thereby creating an 
inflammatory milieu. This leads to dilation and leakage of the adjacent 
vessels, facilitating the migration of inflammatory cells into the 
infected tissue and leading to efflux of plasma. As a consequence of 
these processes, clinical signs of local inflammation occur, including 
redness, swelling, increased temperature and pain (Alain et al, 2008) .  
 
4- Monocytes: 

 
Monocytes are white blood cells, part of the human body's 

immune system. They are produced by the bone marrow from 
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haematopoietic stem cell precursors called monoblasts. They circulate 
in the bloodstream for about one to three days and then typically move 
into tissues throughout the body. They constitute between three to eight 
percent of the leukocytes in the blood. Half of them are stored as a 
reserve in the spleen in clusters. In the tissues, monocytes mature into 
different types of macrophages. They have two main functions in the 
immune system: (1) replenish resident macrophages and dendritic cells 
under normal states, and (2) in response to inflammation signals, 
monocytes can move quickly to sites of infection in the tissues and 
divide/differentiate into macrophages and dendritic cells to elicit an 
immune response (Swirski et al, 2009) . 
 
b) The humoral components of the innate immune system: 

 
Cytokines are the humoral components of the innate immune 

system. They are protein in nature, and act either directly on invading 
pathogens, or as mediators between cells and organs. Some of these 
cytokines are stored in myeloid cells and are rapidly secreted after 
contact with microbes (Alain et al, 2008) .   

 
Interleukins (IL) and tumor necrosis factor-α (TNF-α) are 

cytokines that have the ability to promote inflammation from a 
localised to a systemic process (Bayir et al, 2005) . 
 
(2) The acquired or adaptive immune system: 
 

Early defence is coordinated through the innate arm. It is non-
specific but rapid, whereas the adaptive response takes some time to 
coordinate but is specific to the invading pathogen. The adaptive 
immune response requires priming with antigen and the effectors are T 
and B lymphocytes. Moreover, it develops memory and on rechallenge 
with the same pathogen it arms quickly and is able to deploy rapidly 
and decisively (Delves et al, 2000) . 
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a) T cells: 
 
T cells belong to a group of white blood cells known as 

lymphocytes, and play a central role in cell-mediated immunity. They 
can be distinguished from other lymphocyte types, such as B cells and 
natural killer cells by the presence of a special receptor on their cell 
surface called T cell receptors (TCR). All T cells originate from 
hematopoietic stem cells in the bone marrow. Hematopoietic 
progenitors derived from hematopoietic stem cells populate the thymus 
and expand by cell division to generate a large population of immature 
thymocytes. About 98% of thymocytes die during the development 
processes in the thymus, whereas the other 2% survive and leave the 
thymus to become mature immunocompetent T cells (Schwarz et al,  
2006) . 

 
Types of T cells: 

 
T helper cells assist other leukocytes (e.g. macrophages, B cells, 
cytotoxic T cells) in immunological processes. 
 
Cytotoxic T cells  destroy virally infected cells and tumor cells, 
and are also implicated in transplant rejection. 
 
Memory T cells  are a subset of antigen-specific T cells that 
persist long-term after an infection has resolved, Thus providing 
the immune system with memory against past infections. 
 
Regulatory T cells  formerly known as suppressor T cells, are 
crucial for the maintenance of immunological tolerance. Their 
major role is to shut down T cell-mediated immunity toward the 
end of an immune reaction and to suppress auto-reactive T cells. 
 
Natural killer T cells  are a special kind of lymphocyte that 
bridges the adaptive immune system with the innate immune 
system. These cells can perform functions ascribed to both T 
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helper and T cytotoxic cells (i.e., cytokine production and 
release of cytolytic/cell killing molecules). 
 
Gamma delta T cells (γδ T cells) represent a small subset of T 
cells that possess a distinct T cell receptor (TCR) on their 
surface. A majority of T cells have a TCR composed of two 
glycoprotein chains called α- and β- TCR chains. However, in γδ 
T cells, the TCR is made up of one γ-chain and one δ-chain. 
Mature γδ T cells are divided into functionally distinct subsets 
that obey their own (mostly unknown) rules and that have 
countless direct and indirect effects on healthy tissues and 
immune cells, on pathogens and tissues enduring infections and 
the host responses to them (Schwarz et al, 2006) . 
 

b) B cells: 
 
B cells are lymphocytes that play a large role in the humoral 

immune response. These immature cells are produced in the bone 
marrow of most mammals. They migrate to the spleen, where they are 
called transitional B cells, and some of these cells differentiate into 
mature B lymphocytes. B cell development occurs through several 
stages, each stage representing a change in the genome content. The 
principal functions of B cells are to make antibodies against antigens, 
perform the role of antigen presenting cells (APCs) and eventually 
develop into memory B cells after activation by antigen interaction 
(Allman, 2004) . 

 
Pathogen recognition and activation of the 

inflammatory cascade 
 

Cells of the innate immune system can detect typical molecular 
patterns of most, if not all, microbes, including viruses, bacteria, fungi 
and protozoa. Examples of such patterns are lipopolysaccharides 
(LPS), endotoxin from the cell wall of Gram-negative bacteria, 
lipoteichoic acid and peptidoglycan from Gram-positive bacteria, 


