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Immune- mediated inflammatory diseases (IMIDs) often 
affect the inner and outer barriers of the body, such as the 
joints (rheumatoid arthritis (RA) and spondyloarthritis 
(SpA)), the gut (Crohn’s disease (CD) and ulcerative coli-
tis (UC)) and the skin (psoriasis (PsO) and atopic der-
matitis (AD)). Treatment of IMIDs has developed rapidly 
in the past few years owing to better molecular profil-
ing and the use of targeted interventions that neutralize 
disease- specific pro- inflammatory cytokines. In RA, the 
inhibition of TNF and IL-6R is effective, whereas SpA 
responds to inhibition of TNF and IL-17A. In CD and 
UC, TNF and IL-23 are the main effector cytokines. PsO 
is responsive to inhibition of TNF, IL-17A and IL-23, 
while inhibition of IL-4 and IL-13 works in AD1 (Fig. 1). 
Despite differences in the target organs and the cytokine 
repertoires among individual IMIDs, commonalities 
exist, which are reflected by an exaggerated and sustained 
innate and adaptive immune response. In many forms 
of IMID, independent of the target organ or whether 
they are initiated via T helper 1 (TH1), TH17 or TH2 cell 
activation, infiltration of target tissues with large num-
bers of innate immune cells such as granulocytes and 
inflammatory macrophages is a hallmark.

Coronavirus disease 2019 (COVID-19), caused by 
the severe acute respiratory syndrome coronavirus 2 
(SARS- CoV-2) virus2, leads to fast activation of innate 
immune cells, especially in patients developing severe 
disease. Circulating neutrophil numbers are consistently 
higher in survivors of COVID-19 than in non- survivors, 
and the infection also induces lymphocytopenia that 
mostly affects the CD4+ T cell subset, including effec-
tor, memory and regulatory T cells3. Reflecting innate 
immune activation, levels of many pro- inflammatory 
effector cytokines, such as TNF, IL-1β, IL-6, IL-8, 
G- CSF and GM- CSF, as well as chemokines, such as 
MCP1, IP10 and MIP1α, are elevated in patients with 
COVID-19, with higher levels in those who are criti-
cally ill. In addition, the levels of some T cell- derived 
cytokines, such as IL-17, are increased in the context of 
SARS- CoV-2 infection4.

SARS- CoV-2 infection drives a profound cytokine 
response in the host, comprising a series of mediators 
that are targeted in IMIDs (Fig. 1). In some patients with 
COVID-19, a cytokine storm develops that resembles 
secondary haemophagocytic lymphohistiocytosis,  
a hyperinflammatory state triggered by viral infections5.

Although the bulk of cytokines induced by 
SARS- CoV-2 infection as well as those being targeted 
in the various aforementioned IMIDs are important to 
mount inflammation, they do not seem to be essential 
for controlling virus clearance. Targeting IL-23 and IL-4/
IL-13 does not increase the risk for viral, bacterial or 
fungal infections, while inhibition of IL-17A only shows 
a signal for Candida species but not for viral infection. 
Targeting TNF and IL-6 increases the risk of bacterial 
infections but has lesser effects on viral infections 
(except for hepatitis B activation). Notably, although 
the incidence of influenza and the risk of developing 
complications from influenza infection are higher for 
patients with RA and CD, no signal associated with 
cytokine inhibitors was found6. Also, patients with RA 
or CD achieve normal immune responses to influenza 
vaccination when treated with anti- TNF agents, fur-
ther supporting the concept that the effector cytokines 
induced by SARS- CoV-2 and targeted for treatment of 
IMIDs are critical for the inflammatory response but 
not for viral clearance7. Viral clearance seems to pri-
marily depend on other cytokines such as IL-15, type I 
interferons and IFNγ.

Targeting pro- inflammatory cytokines with anti-
bodies such as adalimumab, dupilumab, infliximab, 
ustekinumab, secukinumab and tocilizumab is clinical 
routine in IMIDs. Potential risk and benefits of cytokine 
inhibition need to be carefully addressed in order to rec-
ommend whether to continue or stop such treatments. 
Although at first sight cytokine inhibition might be con-
sidered as ‘immune suppression’ and therefore harmful 
in the context of the COVID-19 pandemic, these com-
pounds neutralize individual mediators of the inflam-
mation cascade rather than leading to broad immune 
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suppression. On the other hand, cytokine inhibitors 
may mitigate the hyperinflammatory state, which is 
part of the pathogenesis of severe COVID-19. Indeed, 
studies using IL-6R and IL-6 inhibitors in COVID-19 
have just been launched. Hence, approaches that do not 
affect viral clearance but inhibit hyperinflammatory host 
responses may exert beneficial effects in COVID-19.

Although targeting individual cytokines (TNF, IL-6, 
IL-17A, IL-23 or IL-4/IL-13), in contrast to glucocorti-
coids8, does not appear to increase viral infection rates or 
induce a more severe course of viral infection, the inhibi-
tion of multiple cytokines, for example, targeting inter-
feron responses, may be different. Janus kinase (JAK) 
inhibitors, which target JAK1 and JAK3, developed for 
treatment of RA, CD and PsO show an increased risk 
for herpes zoster reactivation. Targeting JAK1 and JAK3 
affects the function of several cytokines that are involved 
in antiviral responses such as type I interferons, IL-2, 
IL-15, IL-21 and IFNγ. Hence JAK1/JAK3 inhibitors 
could theoretically inhibit the clearance of SARS- CoV-2.  
On the other hand, JAK2 inhibition appears to block 
viral entry of SARS- CoV-2 and IL-17- induced cytokine 
activation9. Notably, IL-6 and GM- CSF, which are both 
induced by SARS- CoV-2, partly or fully depend on 
JAK2 signalling, suggesting that JAK2 could be a target 
in treating hyperinflammatory response in COVID-19.

At present, there is very limited experience on how 
COVID-19 affects patients with IMIDs treated with 
cytokine inhibitors. Nonetheless, a critical analysis of 
the role of pro- inflammatory cytokines in the patho-
physiology of COVID-19 and of the risk of viral infec-
tion during anti- cytokine therapy suggests that most 
cytokine inhibitors may not automatically put patients 
with IMIDs at higher risk of developing severe COVID-
19. In accordance, most ad hoc recommendations from 
specialists in the fields of gastroenterology, rheuma-
tology and dermatology do not support pre- emptively 

stopping anti- cytokine therapy if no signs of COVID-
19 are present. Remarkably, some cytokine inhibition 
strategies are currently being tested for the treatment 
of COVID-19, and hydroxychloroquine, a long- known 
drug used for the treatment of IMIDs, seems to show 
efficacy in COVID-19 (REF.10). Apart from these trials, 
IMID registers are currently being built up that will help 
to better understand the impact of COVID-19 in patients 
with autoimmune disease and to potentially uncover a 
protective role of certain cytokine inhibition strategies.
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Fig. 1 | Cytokines in IMIDs and in COVID-19. a | A ‘cytokine tree’ of immune- mediated inflammatory diseases (IMIDs) 
showing their individual responsiveness to cytokine inhibitor therapy. The risk for viral, bacterial and fungal infections  
and effects on blood immune cells of the respective cytokine inhibition strategies are indicated below (red equals risk and 
green equals no risk). b | Cytokine pathogenesis of coronavirus disease 2019 (COVID-19). AC, alveolar cell; ACE2, angiotensin- 
converting enzyme 2; AD, atopic dermatitis; CD, Crohn’s disease; JAK , Janus kinase; NK , natural killer; PMN, polymorphonuclear 
granulocyte; PsO, psoriasis; RA , rheumatoid arthritis; SARS- CoV-2, severe acute respiratory syndrome coronavirus 2;  
SpA , spondyloarthritis; TEFF cell, T effector cell; Treg cell, regulatory T cell; UC, ulcerative colitis.
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