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slides and discussion 
girardis.massimo@unimo.it 

Immunoglobuline: chimere o realtà ? 

Gruppo di studio SIAARTI 

Infezioni e Sepsi in Terapia Intensiva 
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Adjunctive & Immune Therapies in Sepsis:  

No, of course…. 



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 

Response ORGAN 
DYSFUNCTION 

Time and number of failing organs 

ARE ALL THE PATIENTS WITH SEPTIC SHOCK SIMILAR ? 

Adjunctive Therapies in Sepsis: Yes or No ? 

No, of course….But 



INFLAMMATORY-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 
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SEPTIC SHOCK  
Timing of Death 



Soares et al. Health Technology Assessment  2010 
Alejandra et al. Cochrane Database Syst Rev. 2013 
Busani  et al. Minerva Anestesiol 2016 

Heterogeneity: 

- Type of Ig 

- Type of control 

(Albumin) 

- Dose and duration 

- Quality of the study 

- Setting (ICU vs No ICU) 

- Severity of the patients 

17 RCT 

Meta-analysis indicate that Ig therapy may reduce 
mortality of adult patients with severe sepsis or 
septic shock. Indeed, the low quality of the RCTs 
analyzed and the high heterogeneity in the study 
characteristics hinder significantly the reliability of 
the results observed. 

IMMUNOGLOBULINS 

CLINICAL EVIDENCES 



 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.  



IMMUNOGLOBULINS 



 Ig: HOW IT WORKS ?  

Busani  et al. Minerva Anestesiol 2016 



IMMUNE DYSFUNCTION 

1. 172 severe sepsis and septic shock 
patients 

2. Ig at sepsis diagnosis  



IMMUNE DYSFUNCTION 
Ig and Free light Chains 

@ Light chains κ and λ (immunoglobulin 
constituents) circulate independently in 
blood as free light chains.  

@ Hp: Could abnormalities in free light chain 
and immunoglobulin levels identify a high 
risk of death sepsis ? 

@ 101 patients with sepsis (74% survived) on 
ICU days 1, 3, and 7: Serum total free light 
chain, immunoglobulin G, A, and M 

@ On ICU day 1, high free light chain λ and κ 
were seen in 46.5% and 75.3%  

@ On ICU day 1, low immunoglobulin levels 
were observed in 45.5%. 

@ Higher mortality only in patients with 
high FLCλ, irrespective of their hypo-IgG or 
hypo-IgM status  



 Why IgM preparation ? 

@ 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. 



ARE ALL THE PATIENTS WITH SEPTIC SHOCK SIMILAR ? 



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 Scenario Pathobiology 

Mode of action 

a) Pathogen lysis-
phagocytosis 

b) Direct Anti-inflammatory  

Which patients may benefit from Ig therapy? 



IgM and  Menigococcal 
Infection 

@ 111 cases of Invasive menigococcal disease 
(Tuscany region n = 53 cases and Naples n 
= 58 cases), October 2013 to December 
2016 

@ 35 patients with IgM (Naples) and 76 
without IgM (Naples and Tuscany) 

@ Death: 3% (1/35) IgM and 16% (12/76) No 
IgM  

@  Severe complications: 6% (2/35 had 
amputation of the extremities) IgM and 
12% (11/76) No IgM (5/11 amputation of the 
extremities and 6/11 hearing loss). 
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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) 



IgM and TIMING 

@ Single center retrospective analysis over 17 years 
@ 355 patients with septic shock treated by IgM 
@ Overall ICU mortality rate 30% 

OR 1-h delay = 1.0055, 95% CI 
1.003–1.009, p < 0.001 



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 (?) 
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ICU–Modena 
University 
2016-2017 
100 septic shock 

Immune System 0 1 2 3 4 
Monocyte HLA-DR (mAb) 

or  
Lymphocytes (n/mcl) 
or 
HSV/CMV reactivation 

8000  
or 

 > 1200 
or 
NO 

6-8000  
or  

900—1200 
or 
NO 

 

5000-8000 
or 

 600-900 
or 

YES/NO 
 

2500- 5000 
or 

400-600 
or 

YES 
 

<2500 
or 

 < 400 
or 

YES 
 

ImmunoMonitoring 

HLA-DR*; CMV; 
Lympho 
DAY-0 (shock onset) 
DAY-4 
DAY-7 
DAY-14 
  
* Not available 
WEND 

IMMUNO-MONITORING 

26 74 21 44 24 29 patients 

Immune-SOFA 
≥ 2 < 2 



IMMUNE DYSFUNCTION 
& 

MDR infections 



Ig 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  

 



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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IMMUNE DYSFUNCTION 

@ 12 heart recipients with hypo IgG 
(<500 mg/dL) received IVIG (2 doses 
of 200 mg/kg then up to 5 additional 
doses of 300 mg/kg to maintain IgG 
>750 mg/dL. IgG ) 
 
@ Matched with 13 recipients with 
post- transplant hypo IgG not 
receiving IVIG and with 11 recipients 
wIthoutHGG during the same study 
period. 
 
@ The primary outcome measure was 
development of severe infection 
during the study period.  



Which patients may benefit from Ig therapy? 

@ Identification by specific immune-biomarkers (e.g. FLC or Ig or 
Lympho) ? 

@ Time for administration : what’s  early ? Always early ? 

@ Dosages 

 i) Different dosages in different phenotypes ? 

 ii) Therapy Duration: which approach ? 

@ Role of Ig as pre-emptive therapy or in infections W/O sepsis 

OPEN QUESTIONS: 
(also for designing appropriate trials)  

New ongoing Trials:  
PERFORM/SORRISO, PEPPER, FAT, 
PENTALLO, Trimodulin phase III 



Which patient may benefit from ? IgM Use 
TO-PIRO score 



IgM Use 
TO-PIRO score 

@ Modena ICU 
@ 60 Patients with septic shock (2014-

2017) treated by IgM 
@ TO-PIRO Score (without CID score)  

@ Overall Median (IQR) 9 (7-11) 

Score N patients ICU 
Mortality 

≤5 3 33% 

5-10 40 43% 

> 10 17 59% 

@ Italian ICUs 
@ 94 patients sepsis/septic shock 

treated by IgM 
@ TO-PIRO Score  

@ Overall mean (SD) 8,7 (2,5) 

Score N patients ICU 
Mortality 

≤5 11 9 % 

5-10 51 21 % 

> 10 32 59% 

Project SORRISO 
Italian Registry on IgM use 

(Cortesy of G. Berlot & M. Bixio) 

Validation of the score 



Septic Shock 

IgM protocol 

Community Acquired  
Septic Shock 

Overwhelming shock  
Noradrenaline > 0.4 mcg/kg/min 
High endothelial dysfunction (CID score) 
e.g. Necrotizing fasciitis, pnuemo/meningococcal  

IgM therapy (ASAP-HD) 
Time: ASAP (within 3 hours) 
Dose: 500 mg/kg/day (first day), then 
250 mg/kg/day for 3-5 days or up to 
clinical improvement 

IgM therapy (12H-SD) 
Time: 6-12 hours (Noradr > 0,1 mcg/kg/min) 

Dose: 250 mg/kg/day for 3-5 days 

 Immunosuppressed  
Immunosup. Therapy (including long term CS use) 
Neutropenic 
Previous Abx therapy (30 days) 
Significant comorbidities with multiple H admissions  

Hospital Acquired  
Septic Shock 

IgM therapy (24-SD-Conditional) 
Time: 12-24 hours IF  
- Noradr > 0,1 mcg/kg/min and not descaling 

AND/OR  
- Significant or worsening CID score  

Dose: 250 mg/kg/day for 3-5 days 

YES 

YES 

YES 

NO 

NO 
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Adjunctive Therapies in Sepsis: Yes or No ? 

No, of course…. 

But 
it depends on …….. 



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 ) 
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Clin Infect Dis. 2017 Nov 22. [Epub ahead of print] 

A. DISTINGUISHING SEPSIS FROM NON-INFECTIOUS SYNDROMES: The Surviving Sepsis 
Campaign Guidelines do not differentiate between patients with suspected sepsis and suspected 
septic shock (one-size-fits-all recommendations). Reasonable to use antibiotic in suspected septic 
shock. Caution to use antibiotics in suspected sepsis, gain time, because many are not 
sepsis….overuse of antibiotics 

B. TIME TO INITIATION OF EMPIRIC ANTIBIOTIC THERAPY: antimicrobials as soon as possible to 
patients with severe infections.  But aggressive fixed time period may lead to an increased use of 
broad-spectrum antibiotics to uninfected patients with syndromes that look like infections. 

C. BLOOD CULTURES AND IV ACCESS CATHETERS : Not clear specification on blood cultures in 
patients with catheters, the removal strategy and the management of implanted catheters 

D. COMBINATION AND MULTIDRUG THERAPY: Confusing terms for combination, empiric, 
targeted, multidrug strategy. Many indications are not based on evidences (particularly in 
combination therapy) 

E. PROCALCITONIN: The guidelines indicate that procalcitonin “can be used”. Our interpretation is 
that RCTS demonstrate that procalcitonin guidance for duration of antibiotic therapy is feasible and 
safe in critically ill patients with infections  

F. PK/PD-PROPHYLAXIS-ANTIBIOTIC THERAPY DURATION 
 
 
 
 



INFLAMMATORY-IMMUNE 
RESPONSE IN SEPSIS 



EBM and INTENSIVE CARE 

Clinical 
Research 

Pathophysiology 

Experience 



TAKE HOME PICTURE 

Sepsis is a high precision  
TEAM WORKING 



EBM and INTENSIVE CARE 



ARE ALL THE PATIENTS 
WITH SEPTIC SHOCK 

SIMILAR ? 

Adjunctive Therapies in Sepsis: Yes or No ? 

No, of course….But 



 Ig: HOW IT WORKS ?  

Busani  et al. Minerva Anestesiol 2016 



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. 



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 



1 Hour- Bundle 



IMMUNE DYSFUNCTION 

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 


