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SEPSIS		
SHORT	CIRCUIT

MORTALITY	IS	STILL	HIGH	and	
NOT	REALLY	DECREASING	

(at	least	in	Europe	and	in	real	life)

NEGATIVE	TRIALS	SINCE	5-10	Y	
leading	to	low	(or	very	low)	level	of	evidence	for	

the	majority	of	sepsis	treaments



Ig and GUIDELINES

@ Most IVIg studies are small and some have a high risk of bias

@ The statistical information that comes from the high-quality trials does not 

support a beneficial effect of polyclonal IVIg.

@ Subgroup effects between IgM-enriched and non-enriched formulations 

reveal significant heterogeneity. 

@ The low certainty of evidence led to the grading as a weak 

recommendation. 



Ig in SEVERE SEPSIS: EVIDENCE IN ADULTS
META-ANALYSIS

18 RCTs

Heterogeneity:
- Type of Ig
- Type of control (Albumin)
- Dose and duration
- Quality of the study
- Setting (ICU vs No ICU)
- Severity of the patients



PREDISPOSITION: Pre-existing  illness, genetic polymorphisms
Difficult  

Patient

INSULT: 
Site of infection, type of infection, virulence 

and sensitivity of infecting pathogens; 

Difficult 

Micro-organisms

Or Site

RESPONSE
SIRS, other signs of sepsis, activated 

inflammation (PCT or IL-6) or impaired host 

responsiveness (HLA-DR)

Difficult 

Immune 

Inflammatory

ResponseORGAN 
DYSFUNCTION Time and number of failing organs

Which patient may benefit from Ig therapy?

ARE ALL THE PATIENTS WITH SEPTIC SHOCK SIMILAR ?



INFLAMMATORY-IMMUNE 
RESPONSE IN SEPSIS

INFLAMMATORY-IMMUNE 
RESPONSE IN SEPSIS



INFLAMMATORY-IMMUNE	RESPONSE	IN	SEPSISINFLAMMATORY-IMMUNE	RESPONSE	IN	SEPSIS

The inflammatory-immune response may vary and depends on 
@ Microorganism(s) load and virulence
@ Host genetic factors and comorbidities 

Healthy	young	adult	with	bacteremia	
by	N.	Meningitides/S.	Pyogen/	S.	
Pneumonia:	
Overwhelming	proinflammatory	
response	which	is	likely	to	eradicate	
bacteria	but	lead	to	tissue	damage	
and	multiorgan	failure

Healthy	young	adult	with	CAP	
responsive	to	Abx	:	
adequate	proinflammatory	 re-sponse,	
combined	with	an	adequate	non-sustained	
antiinflammatory	 response	to	pre-vent	
tissue	damage

Patient	with	breakthrough		infection	
after	first	sepsis	 	:	
Proinflammatory	 response	combined	with	a	
pronounced	or	sustained	anti	inflammatory	
state	with	persisting	bacterial	or	secondary	
(opportunistic)	 infections



Ig: HOW IT WORKS ? 

Busani		et	al.	Minerva	Anestesiol	2016



1. 172	severe	sepsis	and	septic	shock	
patients

2. Ig	at	sepsis	diagnosis	

IG	PLASMA	CONCENTRATION
IMMUNE	RESPONSE

IG	PLASMA	CONCENTRATION
IMMUNE	RESPONSE



Serial measurements in septic shock
patients showed that the distribution
of IgM over time was significantly
greater for survivors than for non-
survivors

30 septic shock patients

IG	PLASMA	CONCENTRATION
IMMUNE	RESPONSE

IG	PLASMA	CONCENTRATION
IMMUNE	RESPONSE



@	Are	IgM-enriched	human	Ig	preparations	
reactive	against	surface	antigens	of	MDR/XDR	
Gram-negatives	representative	of	recent	
epidemiology?	
@	Are	there	differences	in	reactivity		between	
IgM-enriched	and	conventional	Ig	preparations?	

IG	&	Micro-organisms
IMMUNE	RESPONSE

IG	&	Micro-organisms
IMMUNE	RESPONSE

ELISA	assays	against	
lipopolysaccharide	(LPS)	fractions	
and	outer	membrane	protein	
(OMP)	fractions



Pentaglobin	1:160

Intratect	1:160

ELISA	assays	against	LPS	fractions	- all	strains

IgM
IgG

IgM
IgG



ELISA	assays	against	OMP	fractions	- all	strains

Pentaglobin 
1:160

Intratect 1:160

IgM
IgG

IgM
IgG



Potential	antimicrobial	activity	of	Pentaglobin	in	Time-Kill	experiments

A	delay	in	growth	was	observed	only	with	A.	baumannii	18C31	strain	after	24	
hours	of	exposure	to	Pentaglobin
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Healthy adult with severe 
infection by Streptococcus spp: 
Overwhelming pro-inflammatory
response which is likely to
eradicate bacteria but lead to
tissue damage and multiorgan
failure

Clinical ScenarioPathobiology

Mode of action

a) Pathogen lysis-
phagocytosis

b) Direct Anti-inflammatory 

Which patients may benefit from Ig therapy?



Ig and  Streptococcal Toxic Shock 
syndrome

• High-dose intravenous polyclonal 
immunoglobulin G  as adjunctive therapy in 
streptococcal toxic shock syndrome (70% 
necrotizing fasciitis)

• The trial was prematurely terminated 
because of slow patient recruitment

• streptococcal toxic shock syndrome
prospectively identified in a nationwide 
Swedish surveillance study (2002-2004): 
67 patients. 

• 23 patients received IgG.
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Severe Pneumonia: CIGMA RCT -Phase II Study 

Objectives: 
Efficacy and safety of a novel polyclonal antibody preparation containing high 
IgM and IgA levels in addition to IgG (verum) as adjunctive treatment to 
standard of care in intubated and mechanically ventilated patients with severe 
community acquired pneumonia (sCAP)

Unpublished
Courtesy by BIOTEST  



Which patients may benefit from Ig therapy?

Patient with breakthrough  
infection after first sepsis  : 
pronounced and/or sustained 
anti inflammatory state with 
persisting bacterial or 
secondary (opportunistic) 
infections

Pathobiology Clinical Scenario

Mode of action

a) Pathogen lysis /phagocytosis
b) Direct Anti-inflammatory
c) Immune-modulation (?)



IMMUNE	DYSFUNCTION
&

MDR	infections

IMMUNE	DYSFUNCTION
&

MDR	infections



MDR infections and IgM

• Retrospective analysis of 94 ICU patients with septic shock by MDR bacteria
(2008-2013)

• History of cancer and infection sustained by A baumannii increase the risk of
mortality

• Standard sepsis treatments do not seem to provide any protective effect
• Adjunctive therapy with IgM preparation was associated with a decrease in

mortality rate.

No IgM
(N=37)

IgM
(N=37) P value

30 days mortality 19 (51,4) 11 (29,7) 0,013
Multivariate logistic regression

OR 0,31; CI 95% 0,12–0,78

Propensity Score Matching age, year of
admission, type of admission, primary site of infection, pre-existing
diseases, SOFA and SAPS II score, 6-hour and 24 hour bundles
compliance.

ARR 20,7%
NNT 5



Ig Therapy & MDR infectionsIg Therapy & MDR infections

•Retrospective case-control study: 200
patients (100 with and 100 without
IgGAM ) with microbiologically
confirmed severe infections by MDR
Gram-negative bacteria acquired after
ICU admission.

IgM

No-IgM



Healthy young adult 
with severe pneumonia 
by Strept Pneumonia: 
Overwhelming pro-
inflammatory response
which is likely to eradicate
bacteria but lead to tissue
damage and multiorgan
failure

Patient	with	
breakthrough		infection	
after	first	sepsis		:	
Proinflammatory response 
combined with a 
pronounced or sustained 
anti inflammatory state 
with persisting bacterial or 
secondary (opportunistic) 
infections

Clinical Scenario Pathobiology Mode of action

Which patients may benefit from Ig therapy?
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TAKE HOME PICTURE

MDR/XDR	
infections

Toxic shock	
syndrome

Immune	
dysfunction



Kreymann et al. Crit Care Med 2007
Soares et al. Health Technology Assessment  2010
Alejandra et al. Cochrane Database Syst Rev. 2013
Busani  et al. Minerva Anestesiol 2016

Studies using IgGAM showed a more
consistent mortality reduction in the
treatment arm as compared to those where
standard polyclonal IgGwere used.

Ig in SEVERE SEPSIS: EVIDENCE IN ADULTS
META-ANALYSIS

IgG vs IgGAM



Ig Therapy & MDR infectionsIg Therapy & MDR infections

• Retrospective case-control study: 200 patients (100
with and 100 without IgGAM ) with microbiologically
confirmed severe infections by MDR Gram-negative
bacteria acquired after ICU admission.

IgM

No-IgM

• Retrospective analysis of 94 ICU patients with septic
shock by MDR bacteria

• All therapeutic interventions were similar between
ICU survivors and no-survivors, except for IgM
preparation provided more frequently in survivors
group (P < .05)

• IgM analysis by propensity score-based matching (1:1):
74 patients 37 IgM vs 37 no IgM



Septic Shock
IgM protocol



Giamarellos-BourboulisEJ et	al.	Int J	Antimicrob Agents	(2015)	;46;	1:S25-8.	



Immunoglobulins in severe sepsis



Ehrenstein et	al.	Nature	Review	2010

@Natural IgM is the first to appear during ontogeny, the oldest and 
the only class of antibody  present in all vertebrates

@Immune IgM is the first antibody to be produced during immune 
response

@IgM has low affinity but high reactivity to common components  
of invading microorganisms such as nucleic acids, phospholipids 
and carbohydrates.

@IgM participates  in diverse pathophysiologies including infection, 
B cell homeostasis, inflammation, autoimmunity and 
atherosclerosis.

IgM: HOW IT WORKS ? 



QUESTION	2:	Intravenous	polyclonal	immunoglobulins		may	
be	useful	as	adjunctive	therapy	in	critically	ill	patients	with	
intra-abdominal	sepsis	?



Anti	
Bacterial

Anti		
Inflammatory

Ig	Therapy:	HOW	MAY	IT	WORK	?	 Pleiotropic effects

Inflammasome
Modulation



Why	IgM	preparation	?

Antibody	titers	vs	‘Italian	2013-2014	MDR’	bacteriaAntibody	titers	vs	‘Italian	2013-2014	MDR’	bacteria

IgM	- Pentaglobin© IgG	- Intratect©

Courtesy	by	by	Prof.	Gian	Maria	Rossolini,	Dpt.	of	Medical	Biotechnologies	-
University	of	Siena		and	University	of	Florence	l	(Italy)



TAKE	HOME	MESSAGES		(and	PICTURE) Clinical	Decision	making

Clinical 
Research

Polyclonal IgG reduced mortality among adults with sepsis
but this benefit was not seen in trials with low risk of bias.
For IgM enriched Ig, the trials on adults were small and the
totality of the evidence is still insufficient to support a
robust conclusion of benefit…..

Pathophysio
Reasoning

The role and the pleiotropic mechanisms of action of IgG
and IgM in supporting and modulating the inflammatory
and immune response of the host to infections has been
well described in animal models

Clinical
Experience

In numerous clinical experiences the use of intravenous Ig
provides positive results. However, many clinical questions
remain open
- In which patient ? (grade of sepsis, type of infection,
immune-biomarkers )
- At what time ? (late use possible )
- Which dosage ? (titrate dose by biomarkers )



Ig in SEVERE SEPSIS: WHAT 
EVIDENCE IN ADULTS?

Requirements Comments and concepts Reference

Severity
Persistence of septic shock or severe 
sepsis with > 2 organ dysfunctions after 
initial resuscitation/treatment

Heintrich et al. Expert opinion

Timing

As early as possible. Best effects are 
expected if treatment is initiated within the 
first 8 h of sepsis

Berlot et al.

Late start of treatment (48 h) is not 
recommended

Expert opinion

Target groups/subgroups 
with the highest benefit 
probability

Abdominal infections in surgical patients 
(peritonitis) presumably Gram-negative 
bacterial infections

Rodriguez et al.

Meningococcal sepsis

Toxic shock syndrome

Overwhelming post splenectomy infection

Necrotizing fasciitis

Expert opinion

Dosage (80 kg) 50 ml/h for the first 6 h (15 g), followed by 
15 ml/h for 72 h (54 g), daily re-evaluation

Expert opinion

Exclusion criteria

Standing Do Not Resuscitation order or 
limitation of therapy, incurable metastatic 
malignant disease, neutropenia due to 
haematological malignancies and 
according to Summary Products 
Characteristics

Expert opinion

Z. Molnar, ISCIEM Book, 2013 Z. Molnar, ISCIEM Book, 2013 



IgM	enriched	in	septic	shock

No	IgM
(N=76)

IgM
(N=92)

P	value

30	days	mortality;	 35	(46,1) 23	(25,0) 0,004

ARR		=	21%
NNT	=	5

Ig	in	SEVERE	SEPSIS:	WHAT	EVIDENCE	IN	
ADULTS?
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PROBLEM EXTENTSSEPTIC	SHOCK:	MORTALITY	IS	STILL	HIGH	
and	NOT	REALLY	DECREASING	

(at least in	Europe	and	in	real life)



GUIDELINES

The	majority	of	STRONG	recommendations	
‘DO	NOT	USE’	

EBM and SEPSIS



Kreymann et al. Crit Care Med 2007
Soares et al. Health Technology Assessment  2010
Alejandra et al. Cochrane Database Syst Rev. 2013
Busani  et al. Minerva Anestesiol 2016

Studies using IgGAM showed a more
consistent mortality reduction in the
treatment arm as compared to those where
standard polyclonal IgGwere used.

Ig in SEVERE SEPSIS: EVIDENCE IN ADULTS
META-ANALYSIS

IgG vs IgGAM



Potential	antimicrobial	activity	of	Pentaglobin	in	Time-Kill	experiments

Significant	delay	in	growth	after	
30	minutes	of	exposure	to	

Pentaglobin
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