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3.1            Introduction 

 The recent guidelines on the treatment of sepsis and sepsis-related conditions, pub-
lished on behalf of the “Surviving Sepsis Campaign” (SSC) [ 1 ], consider the use of 
intravenous immunoglobulin (IvIg) with a certain degree of ambiguity: on the one 
hand, a series of papers and meta-analysis that demonstrates their effi cacy in terms 
of mortality reduction of both adult and child/infant are quoted, but on the other 
hand, the use of IvIg is strongly discouraged as it is considered not supported 
enough by studies satisfying the evidence-based medicine (EBM) requirements, 
that claim for randomized, controlled, double-blind, multicenter trials, involving an 
adequate number of patients who are subjected to the same entry criteria in terms of 
diagnosis and timing of the studied treatment. This ambiguity can make the clini-
cian facing a septic patient doubt about the opportunity to use IvIg despite the vast 
majority of published studies reporting a better outcome in patients given IvIg. This 
situation is further complicated by the consideration that the number of patients 
involved in the studies on IvIg quoted in the SCC largely exceeds those enrolled in 
the investigations chosen to support the hemodynamic management of the resuscita-
tion bundle, which basically relies on only two studies, of which one has been pub-
lished in Chinese without English translation. 

 With these limitations in mind, it must be admitted that, in the everyday practice, 
we still lack a method able to identify the patients in which the administration of 
IvIg can represent a precise therapeutic choice, comparable, for example, to mea-
surement of cardiac enzymes for the primary angioplasty in acute myocardial 
infarction. 
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 Several causes can account for this lack of certainty deriving from the published 
studies, including:

    (a)    The use of IvIg preparation containing different classes of Ig: actually, the bio-
logical characteristics of each of them and the chemical reactions with different 
antigens which they are directed against make impossible to compare their 
effect and can justify the somehow confl icting results deriving from studies in 
which different preparations have been used.   

   (b)    The heterogeneity of the treated patients, in terms of causes of sepsis (e.g., sur-
gery or medical), age (adults vs. infants and/or pediatrics), and concomitant 
diseases (e.g., burns, cancer, etc.).   

   (c)    The absence of cheap and immediately available laboratory tests that could 
indicate whether the administration of IvIg is warranted   

   (d)    The uncertain relationship between the timing of IvIg administration and the 
onset of sepsis: it is likely that, likewise antibiotics, their use is more effective 
in the initial stage of sepsis than in the more advanced ones, where a full-blown 
multiorgan dysfunction syndrome (MODS) is established. Conversely, an indis-
criminate treatment extended also to patients with less severe conditions who 
do not really need them could elevate costs without gaining any benefi t. In both 
conditions, the informations derived from their use are hard to understand.     

 Then it is clear how that, independently from the SCC recommendations, several 
factors contribute to confound the clinician that considers IvIg as a reasonable ther-
apeutic option. This can determine either an unjustifi ed negative attitude toward 
substances that can be considered as drugs and biological agent in the same time, or, 
conversely, the choice to treat all patients with expensive medication whose use 
could be reserved to more severe cases. 

 The fi nal aim of this chapter is to give some useful indications to the practitioner 
facing a patient with severe sepsis and/or septic shock in order to identify the circum-
stances in which the maximum advantage of administration of IvIg can be expected.  

3.2     Structure and Biologic Role of Ig 

 Before examining the issues related to the clinical use of IvIg, it is necessary to 
consider some basic concepts in order to show how the host reacts to an infection. 

 Briefl y, the immune system has been developed during the evolution to recognize 
and neutralize the extraneous substances invading the organism [ 2 ,  3 ]. 

 The reaction is based on two different but strictly related systems:

    (a)    The natural immunity, mostly based on the cells belonging to the reticuloendo-
thelial system (SRE) cells, on the SRE-produced mediators, and on the comple-
ment system: in functional terms, the natural immunity is a fast-reacting and is 
an unspecifi c system which is immediately available and does not require any 
sophisticated procedure for the recognition of extraneous substances. 
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 In an immunological mature and competent organism, the natural immunity 
acts concomitantly with:   

   (b)    The adaptive immunity, which is based on the production of immunoglobulins 
by the plasma cells, which, in turn, are obtained by the exposure of B lympho-
cytes to the antigens (Ag) moving and localized on the immune cells surface 
under the stimulus provided by the T lymphocytes belonging to the CD4 class. 
In evolutionary terms, it can be supposed that the adaptive immunity has evolved 
since the number of the receptors on the SRE cells that form the natural immu-
nity is genetically limited and, regardless of its relevancy, it is not able to recog-
nize all the extraneous molecules which could interact with the organism 
throughout its life span.     

 Depending on their chemical and physical characteristics and the dimensions, 
geometric shape, and their antigen-binding capabilities, the molecules of Ig can be 
subdivided in fi ve classes (G, A, M, D, E) (Fig.  3.1 ).  

 The G class is considered prototypical and is formed by two heavy chains (H) 
with variable weight between 50 and 70 kDa and two light chains (L) weighing 
around 20–25 kDa (Fig.  3.2 ). Electrostatic bonds and bisulphurate bridges keep the 
single chains together.  

 Both chains have a variable (V) region which interacts with the antigen and a 
constant one (C) which activates the immune system functions like the complement 
system, the phagocytosis, the cell’s mediated lysis, etc. 

 The interconnection region between V and C components undergoes three- 
dimensional arrangements in order to adapt its structure to the Ag surface. Each 
variable region is formed by other three hypervariable subregions where their shape 
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defi nes the specifi city of the molecule. Both variable and fi xed regions on the chains 
L and H are arranged on of Fab region, which binds the Ag. 

 In general terms, the Ig molecules can be considered biochemical transducers 
able to (Table  3.1 ):

•     Recognize and neutralize infective germs and their derived substances  
•   Opsonize extraneous molecules in order to facilitate their elimination by the 

reticulum-endothelial system  
•   Recognize and inhibit early and late-released sepsis mediators, by a direct effect 

on the cell nucleus which produces and facilitates their scavenging by the SREs  
•   Activate the complement system  
•   Infl uence the death of the immunitary cells via apoptotoc and non-apoptotic 

pathways    

 Then, it appears that the Ig can modulate the infl ammatory response, and this 
capability can be useful in the different phases of sepsis, which are characterized by 
a different arrangement of the immune response. Actually, sepsis and its related 
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conditions as severe sepsis and septic shock can be considered as a complex and 
articulated response to an infection, which is characterized by (at least) two differ-
ent phases. In the fi rst one, whose features are the classical signs of fever, leucocy-
tosis, hemodynamic instability, metabolic acidosis, etc., there is a predominant 
secretion of proinfl ammatory mediators (TNF, various interleukins, etc.) that can 
cause the derangement of organs different from the one in which the infective pro-
cess and immunity response have started. This reaction is mainly determined by the 
action of the indicated proinfl ammatory mediators, whose qualitative and quantita-
tive properties are genetically determined and thus vary from an individual to 
another; the subsiding of this initial response is determined either by reduction of 
the production of proinfl ammatory substances and by the contemporaneal release of 
mediators with anti-infl ammatory capabilities [ 3 ]. 

 If the patient survive the initial insult, a second phase ensues, which is character-
ized by the reduction and progressive disappearance of the above described proin-
fl ammatory response due to the overwhelming action of anti-infl ammatory mediators 
ultimately leading to a state of immunoparalysis; this condition is characterized by 
a profound alteration of both natural and adaptive immunity mechanism, and the 
consequent immunitary state can be compared to that present in advanced neoplas-
tic conditions [ 4 ,  5 ]. This state, which is diffi cult to diagnose due to the lack of 
suitable biological markers, is particularly frequent in patients affected by multiple 
chronic conditions, who can survive the infection and/or its related conditions caus-
ing the intensive care unit admission (surgery, lung infection, etc.) but who cannot 
be weaned from the mechanical ventilation and are prone to multiple infections, 
thus becoming critically ill chronic patients. 

 The above described clinical aspects can justify the use of IvIg both in the early 
phase of sepsis, in which they can modulate an excessive systemic infl ammatory 

   Table 3.1    Mechanisms of action of immunoglobulins   

  Toxin inactivation  

 Neutralization of endotoxin and exotoxins 

 Increase clearance of endotoxin 

 Reduction of bacterial cell adherence, invasion, and migration 

  Stimulation of the leukocyte and serum bactericidal action  

 Enhancement of endotoxin-induced neutrophilic oxidative burst (7S-IvIgG); intact 

 Reduction of endotoxin-induced neutrophilic oxidative burst (5S-IvIgG; F(ab′)2 fragments and 
IgM) 

 Enhancement of serum opsonic activity 

  Modulation of cytokine effect  

 Modulation of the release of cytokine and their antagonists 

   ↓ Proinfl ammatory mediators 

   ↑ Anti-infl ammatory mediators 

 Infusion of cytokines and antagonists contained in the Ig preparations 

 Cytokine neutralization by anti-cytokine antibodies 

  Modulation of the complement cascade  
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response, and in the more advanced phase, during which their antibacterial action 
can restore the adaptive immune response. These actions are only partly shared by 
other immunomodulatory substances recommended by the SSC guidelines, like ste-
roids with glucocorticoid activity: indeed, if their use has a rationale in the early 
infl ammatory phase, in the later one, their use can contribute at the occurrence of 
immunoparalysis. Anyhow, the use of IvIg does not replace the other therapies indi-
cated by the SSC, including the early administration of appropriate antibiotics and 
the surgical drainage of infective sources. Even if it is probable that in the next 
future some other immunomodulatory and immunostimolatory molecules can be 
introduced in clinical practice, actually their application has to be considered only 
experimental.  

3.3     The Administration of IvIg in Sepsis 

 Although the IvIg use has long anticipated the fi rst edition of the SSC, their admin-
istration in septic patients has been initiated long before and was based for long time 
more on the intuition of their utility than on robust scientifi c bases. In general, the 
different IvIg preparation currently used in clinical practice can be divided into two 
principal categories. The fi rst one is formed by monoclonal antibodies directed ver-
sus one single antigen (e.g., the antitetanic toxin Ig), and the other is compounded 
by polyclonal antibodies directed against different antigens. 

 On the other hand, the application’s modality in the sepsis treatment is based 
essentially on two different strategies [ 6 ]:

    (a)    The administration of polyclonal antibodies directed versus Ag expressed on 
the surface of the infection responsible bacteria and/or versus bacteria’s pro-
duced substances like endotoxin, peptidoglycans, etc., that are released when 
the antibiotics cause cellular lysis; the IvIg actually in use belongs from this 
category, and it is composed by mixtures of IgG, IgM, and IgA in concentra-
tions different than in plasma (Table  3.2 ). Independently of single composition, 
the IvIg solutions derive from a plasma pool of 1.000–10.000 donators and so 
contain a great variety of antibodies directed versus a myriad of different anti-
gens that can vary with the different geographic donator origins and with their 
exposure on different antigens. The main preparation’s process consists on the 
extraction and cold fractionation in ethanol, instead, whereas the inactivation of 
any blood donator virus involves the use of solvents, detergents, the pH reduc-
tion to 4, the incubation, the nanofi ltration, and the chromatography

   Table 3.2    Concentrations of the different classes of IgG in the available preparations   

 Ig G (%)  IgM (%)  IgD (%) 

 Normal serum  80  7  13 

 IgM and IgA IvIg preparations  76  12  12 

 Other IvIg preparations  ≥97  Traces  <3 
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       (b)    The administration of monoclonal antibodies in order to neutralize a single 
mediator that is produced and released from different immune system cells dur-
ing the interaction between the bacteria and the host or, alternatively, versus its 
receptors on the target cells. Even though this strategy is based on clear patho-
physiological and experimental assumptions, a wide number of clinical trials 
conducted with antibodies directed against different sepsis mediators (tumor 
necrosis factor, platelet-activating factor, etc.) carried results largely inferior to 
the expectations so that no one of this substances is used for the treatment of 
septic patients [ 7 ]. The causes of these results are not clear; it is likely, however, 
that the antagonism of only one of the many mediators that are released during 
sepsis and that are connected to each other with numerous negative or positive 
feedback cannot be suffi cient per se to reduce the systemic infl ammation process 
typical of the early phase of sepsis. Moreover, as the production of septic media-
tors is genetically determinate, the administration of a specifi c Ig directed versus 
one determinate molecule does not take into account this peculiarity. Anyway, 
these substances fi nd extensive application in treatment of diseases characterized 
by chronic and/or relapsing infl ammation state (e.g., rheumatoid arthritis, 
Crohn’s disease, etc.).    

  Currently, only preparations containing polyclonal antibodies belonging from 
the IgG, IgM, and IgA classes are clinically used in the treatment of sepsis. The 
rationale for their use, as well as the pathophysiological premises exposed before, is 
based on the results of different studies and meta-analysis that have demonstrated 
that (a) the administration of polyclonal IvIg is associated with the reduction of 
mortality in different populations of septic patients [ 8 – 11 ] and that (b) the prepara-
tions containing IgM are more effective as compared with those containing IgG 
[ 12 – 15 ]. These results cannot be applied to all septic patients, because other studies 
have demonstrated that the IvIg administration does not improve the surviving of 
neutropenic patients and/or patients with hematology malignancy [ 16 ,  17 ]. The 
skepticism expressed by the SSC guidelines is principally derived from a number of 
causes, including the relatively poor number of patients enrolled in each single 
study, the heterogeneity of the underlying clinical conditions, the difference in phar-
macological preparation used, and the different IvIg doses used [ 1 ,  14 ].  

3.4     The Choice of the Patient 

 According to the authors of the SSC guidelines, the administration of IvIg cannot 
be recommended mainly due to lack of EBM criteria in the published studies and 
the consequent diffi cult identifi cation of one or more categories of septic patients 
who likely could take advantage from their use. Presently, as stated above, this 
treatment is based more on the experience of the single centers than on sound bio-
logical and/or pathophysiological criteria, leaving a great probability of subjective 
decisions. The lack of precise indications is a relevant clinical issue as this rela-
tively expensive treatment should be reserved to patients who could take maximum 
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benefi t from it, thus maximizing the risk/benefi t ratio; despite the lack of a biologi-
cal or clinical marker (as troponin in the case of ischemic cardiopathy) that can be 
suited to start and/or to continue for the administration of IvIg, it is possible to 
present some fi ndings derived from different studies that could be considered as a 
possible starting point for the identifi cation of the patient in which the treatment is 
effective:

    (a)    In a group of patients with severe sepsis or septic shock, Maury et al. have dem-
onstrated that the most elevated spontaneous IgM concentration has associated 
with a better outcome [ 18 ].   

   (b)    Reduced spontaneous anti-endotoxin IgM antibodies concentration was associ-
ated with the increase in number of infective complications in a group of cardio- 
surgery patients [ 19 ].   

   (c)    In septic shock patients, Venet et al. have demonstrated that the IgM and IgG 
concentrations were decreased at the beginning but increased in the following 
days [ 20 ]; the reduction of both classes was more nonsignifi cantly more pro-
nounced in dead patients.   

   (d)    Conversely, in another study, plasmatic IgM levels in patients with septic shock 
were signifi cantly lower than in patients with systemic infl ammatory response 
syndrome or severe sepsis; the IgM concentrations gradually increased in the 
survivor patients, whereas in nonsurvivors, they remained unchanged or 
decreased [ 21 ].   

   (e)    Several meta-analyses in adult, pediatric, or neonatal patients demonstrate that 
IgM and IgA preparation are more effective than IgG in terms of mortality 
reduction [ 12 – 15 ].   

   (f)    The IgM administration is more effective in the early phase of septic shock or 
severe sepsis [ 22 ], but the improvement in the clinical condition monitored with 
SOFA score does not increase before 48 h from the beginning of the treatment 
[ 23 ].   

   (g)    The administration IgM did not decrease the mortality of neutropenic patients 
with leukemia or lymphoma but was associated with a decreased rate of MODS 
[ 16 ,  17 ]. This observation probably refl ects the impossibility to restore the 
immune competence by reinforcing only one arm of its components.     

 In conclusion, despite the caution derived from the absence of one or more bio-
logical marker to monitor the effectiveness, the ideal patient candidate to IvIg treat-
ment could be considered as a subject with severe sepsis or septic shock of both 
medical and surgical origin, with at least one organ dysfunction [ 16 ], caused by 
either gram − and gram + germs [ 19 ], treated in the early phase of illness [ 22 ], and 
without advanced cancer disease or other conditions that could reduced his/her life 
expectation. The monitoring of plasmatic IgM and IgG concentrations could be use-
ful to early identify the patient to treat, even if the waiting for the result should not 
delay the beginning of the treatment. 

 In order to have a more precise idea about the biological effects of the IvIg 
administration, it could be useful to measure repeatedly the concentration of each Ig 
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class concentration in order to understand the causes of their variations and to iden-
tify the dose needed for every single patient [ 24 ].  

    Conclusions 

 Despite a number of experimental and clinical evidences demonstrated that the 
sepsis and its derived conditions are characterized in the early phases by exces-
sive infl ammatory response and in the later phases by a state of depression of 
both natural and adaptive response, the IvIg treatment that can modulate both 
conditions is often chosen on a subjective basis and not on indications derived 
from international guidelines that, instead, advise against this approach. 

 This situation derives from the lack of studies based on EBM criteria and of 
data about the Ig kinetics during sepsis. However, despite these relevant limita-
tions, it is possible to identify with clinical and time criteria the kind of patient 
who could have their prognosis improved by the administration of IvIg.     
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