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Introduction

• Cytokine antagonism in non-immuno-deficient patients in children 
with systemic juvenile inflammatory arthritis (sJIA) (Still’s disease): IL-
6 or IL-1

• severe hyer-cytokinemic inflammatory state (cytokine storm, 
macrophage activation syndrome (MAS) , secondary 
haemophagocytic lymphohistocytosis (sHLH)) 

• Overzealous immune responses associated with MAS/sHLH → COVID-
19 related ARDS ?



Classic MAS/sHLH picture: 
most often occurs outside the lungs
‐ fevers
‐ adenopathy
‐ hepatosplenomegaly
‐ anaemia
‐ cytopenias
‐ abnormal liver function
‐ deranged lipid profiles
‐ activation of intravascular coagulation cascades 

hypercytokinaemia



Macrophage activation syndrome in COVID-
19 pneumonia?
• High CRP, ferritin, coagulopathy, abnormal liver function in many 

severe COVID-19 pneumonia

• Similar cytokine profile: ↑IL-1β, IL-2, IL-6, IL-17, IL-8, TNF, CCL2

• COVID-19: lung-centric immunopathology, absence of 
hepatosplenomegaly

• MAS/sHLH in SARS patients



Macrophage activation syndrome in COVID-
19 pneumonia?

COVID-19: lung-centric
─ high CRP, ferritin, coagulopathy, abnormal 

liver function
─ cytokine profile: ↑IL-1β, IL-2, IL-6, IL-17, IL-8, 

TNF, CCL2
─ absence of hepatosplenomegaly
─ ↑D-dimer: pulmonary immunopathology to 

adjacent microcirculation → extensive 
secondary fibrinolytic activation

prominent 
alveolar oedema, 
hyalonosis, fibrin 
deposition, 
pneumocytes viral 
cytopathic change, 
immune cell 
infiltration



Hyper-cytokineaemia Overlaps between 
ARDS and MAS

The magnitude of cytokine 
level changes may not be 
reliable in the 
differentiation from other 
cause of elevated cytokine 
levels including severe 
infection or tissue 
destruction and also no 
dependable cut-off values



A new proposed integrated innate and 
adaptive immune mechanisms in MAS/HLH
• Primary HLH: hyper-inflammation + immunodeficiency

• COVID-19 induction of a temporary immunodeficiency state
(resembling primary HLH) & MAS/sHLH (may occur in 
immunocompetent states)



pHLH: genetic defect (NK and CD8+ T-cells)
cannot be cured with anti-cytokine strategies

CAR-T cell therapy: hyper proliferating 
engineered T-cells may drive MAS/sHLH, only 
lasts during the presence of detectable tumor 
antigen



Virally induced immunosuppression: low INFγ 
production by CD4+ T cell, 
lymphopenia→macrophage infiltration and 
the “second wave” of non-type-1 interferon 
pathway cytokines (IL-6, IL-1, IL-18, INFγ, GM-
CSF...)

Exaggerated immune response including IFN 
driven and T-cell driven responses that clears 
the virus but induces pulmonary immune 
system collateral damage and ARDS



IL-6 and immune function in COVID-19 
related pneumonia



IL-6 in Viral Pneumonia and Potential Role in 
Type II Pneumocyte COVID-19 infection

trans-signalling



Key messages and considerations for IL-6 for 
COVID-19 pneumonia, ARDS and MAS

Anti-IL-6R TOO EARLY: adversely affect viral clearance
Corticosteroid: not suggested based on the clinical experience in SARS-CoV, MER-CoV


