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COVID-19 and immune-mediated inflammatory diseases: 
effect of disease and treatment on COVID-19 outcomes and 
vaccine responses
Filippo Fagni*, David Simon*, Koray Tascilar, Verena Schoenau, Michael Sticherling, Markus F Neurath, Georg Schett

At the beginning of the COVID-19 pandemic, patients with immune-mediated inflammatory diseases were considered 
to be at high risk for SARS-CoV-2 infection and the development of severe COVID-19. Data collected over the past year, 
however, suggest that a diagnosis of inflammatory arthritis, psoriasis, or inflammatory bowel diseases does not 
increase risk for SARS-CoV-2 infection or severe COVID-19 compared with people without these diseases. Furthermore, 
substantial data suggest that certain medications frequently used in patients with immune-mediated inflammatory 
diseases, in particular cytokine inhibitors, might even lower the risk for severe COVID-19. Conversely, glucocorticoids 
and potentially B-cell-depleting treatments seem to worsen COVID-19 outcomes. Additionally, the first data on 
SARS-CoV-2 vaccination in patients with these diseases suggest that tolerability of vaccination in patients with 
immune-mediated inflammatory diseases is good, although the immune response to vaccination can be somewhat 
reduced in this patient group, particularly those taking methotrexate or CD20-targeted treatment.

Introduction
In December, 2019, SARS-CoV-2 became the third 
zoonotic coronavirus to have human-to-human 
transmission and the first to cause a pandemic.1 Although 
the majority of patients with COVID-19 have a self-
limiting upper respiratory tract infection, a small but 
relevant proportion of patients develops acute respiratory 
distress syndrome that can rapidly lead to multiorgan 
failure and death. Severe COVID-19 is characterised by 
an excessive host immune response with overproduction 
of proinflammatory cytokines such as tumour necrosis 
factor (TNF), interleukin (IL)-6, growth factors such as 
granulocyte-macrophage colony-stimulating factor, and 
chemokines such as IL-8, a response known as cytokine 
storm (figure 1).2,3 Some proinflammatory cytokines 
induced in COVID-19 are therapeutic targets in the 
treatment of patients affected by immune-mediated 
inflammatory diseases.4 Such cytokine inhibitors are 
widely used in the treatment of inflammatory arthritis, 
psoriasis, inflammatory bowel disease, and connective 
tissue disorders. Therefore, the question has arisen 
whether cytokine blockade and immunomodulatory 
therapy might affect SARS-CoV-2 infection and its 
outcomes. In this Review, we summarise data on the risk 
for SARS-CoV-2 infection and severe COVID-19 in 
patients with immune-mediated inflammatory diseases 
of the joints, skin, and gut, as well as systemic diseases.

Risk of SARS-CoV-2 infection
Several datasets have shown that patients with immune-
mediated inflammatory diseases are at an increased risk 
for infections;5–11 hence, these patients constitute a 
potentially susceptible population in the COVID-19 
pandemic. However, the situation is complicated and 
evidence directly supporting this concept is scarce. 
Patients with immune-mediated inflammatory diseases 
usually receive immune-modulating therapies and often 
have comorbidities, such as cardiovascular, pulmonary, 

and metabolic disease, which affect susceptibility to 
infection12,13 and are themselves major drivers for infec-
tions in these patients. Although the higher prevalence of 
comorbidities represents a consistent factor for increasing 
risk of infection, including respiratory tract infections, 
the effect of treatments cannot necessarily be generalised. 
Glucocorticoids, for example, are associated with a 
general increase in risk for infections, suggesting that 
they lead to broad immunosuppressive effects that 
impair the function of the innate immune system but 
also profoundly inhibits adaptive immune cells, such as 
T cells.

By contrast, targeted immunomodulatory drugs, 
such as cytokine blockers, seem to have more distinct 
effects on infection risk, such as the reactivation of 
intracellular bacteria with TNF inhibitors, higher risk 
for Candida infection with IL-17 inhibitors, and the 
reactivation of herpes zoster with Janus Kinase (JAK) 
inhibitors.7,14–16 Notably, data from large registries 
suggest that targeting TNF, IL-6, IL-17, and IL-23 does 
not increase risk of viral infection17 or worsen influenza 
outcomes.8 Hence, cytokine inhibitors seem to act more 
selectively on specific immune pathways by comparison 
with a state of general immune suppression. Evidence 
on the course of respiratory infections in patients with 
immune-mediated inflammatory diseases, and the 
effect of immunomodulatory treatments, is scarce. The 
COVID-19 pandemic provides an unprecedented 
opportunity to study the effect of these diseases and 
their treatments on the response of a host that is 
susceptible to a new virus and to profile the risk of 
SARS-CoV-2 infection and COVID-19 outcomes.18

At the onset of the pandemic most physicians considered 
patients with immune-mediated inflammatory diseases as 
a potentially highly susceptible population for SARS-CoV-2 
infection and at risk for developing a severe course of 
COVID-19. However, a substantial amount of data has 
now been collected, not only in rheumatology but also in 
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gastroenterology and dermatology, that provide a 
reassuring message.

Risk of severe COVID-19 and adverse outcomes
COVID-19 is heterogeneous and ranges from 
asymptomatic infection to severe illness and death. 
Although detection of asymptomatic and mild infection is 
notoriously challenging and subject to bias, severe illness 
can be evaluated by more stringent means such as 
hospitalisation, mechanical ventilation, and COVID-19-
related death—endpoints that have been widely assessed 
in studies. However, data collected in such studies must 
be reviewed to assess the reliability and potential for 
selection bias or confounding. For example, SARS-CoV-2 
infection risk depends on several intrinsic and extrinsic 
variables, including local virus incidence, proportion of 
people immunised, social behaviour, shielding practices, 
access to testing, and the accuracy of diagnostic methods; 
this complexity could cause measurement error and bias 
in the results. Furthermore, inclusion of appropriate 
comparison cohorts is particularly important for 
SARS-CoV-2 infection studies. Hospitali sation rates might 
not necessarily be interpreted univocally as an indicator 
for COVID-19 severity, as the frequency of hospital 
admission is also affected by indirect factors such as the 
local SARS-CoV-2 incidence, general health state of 
the community, access to hospital care, and guidelines 
from the local health authorities. Ultimately, COVID-19-
related death might be the most straightforward outcome 
to determine the severity of the disease course. Even for 
COVID-19-related death, however, normalisation of 
results with regard to demographics, comorbidities, 
treatment, socioeconomic factors, and possible colliders 
are essential to avoid misinterpretation, a striking example 
of which was the apparently protective effect of current 
smoking on COVID-19 mortality.19,20

Inflammatory arthritis
Evidence from large cohorts of patients with 
inflammatory arthritis, including rheumatoid arthritis 
and spondyloarthritis, has not shown strong associations 
between these diseases and risk of SARS-CoV-2 infection 
or adverse COVID-19 outcomes such as hospitalisation, 
intensive care unit (ICU) admission, need for mechanical 
ventilation, or COVID-19-related death.21,22 A cross-
sectional study of 2050 patients with inflammatory arthritis 
in a high-incidence region of Italy during the first 
phase of the pandemic21 showed that hypertension 
and glucocorticoid use, but not the specific diagnosis of 
inflammatory arthritis, affected the risk of developing 
COVID-19. Two cross-sectional studies from France 
(n=655)22 and Italy (n=955)23 of patients with rheumatic 
diseases (mostly inflam matory arthritis) reported no 
COVID-19 deaths and only eight hospitalisations with 
mild disease courses (table).

There have also been conflicting findings. Increased 
risk of COVID-19-related death among patients with 
rheumatoid arthritis relative to healthy people was 
reported in a study of 473 139 UK Biobank participants.25  
However, despite the large sample size, the analysis was 
restricted to patients aged older than 50 years, data 
collection was limited to the first phase of the pandemic, 
and hospitalisation rates, disease activity, and 
concomitant therapies were not considered. Therefore, 
mild COVID-19 cases might have been underestimated, 
potentially leading to overestimated risk. The most 
notable methodological issue in this study was the 
absence of a causal model to identify the relevant 
covariates to adjust for, resulting in risk of a so-called 
table-2 fallacy (meaning that effect estimates of 
secondary exposures are presented in the same manner 
as the primary exposure estimated from the same 
model),39 which is common in studies where full 

Figure 1: Factors with immune-mediated inflammatory diseases that influence the risk for the development of severe COVID-19
ARDS=acute respiratory distress syndrome. IBD=inflammatory bowel disease. IMID=immune-mediated inflammatory diseases. TNF=tumour necrosis factor. 
IL=interleukin. GM-CSF=granulocyte-macrophage colony-stimulating factor. *Comorbidities such as cardiovascular, pulmonary, and metabolic diseases.
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adjustments are made for all covariates regardless of 
their causal relationships with the exposure and outcome 
and all regression effect estimates for covariates are 
reported. A similarly large (n=33 886) and robust 
matched cohort study using administrative US Veterans 
Affairs data also found similar results for the aggregated 
risk of hospitalisation or death in patients with 
rheumatoid arthritis (hazard ratio [HR] 1·35, 95% CI 
1·10–1·66) even after adjusting for demographics and 
comorbidities.40 However, the generalisability of these 
data is unknown because the mean age of the study 
population was 67·8 years and most patients (84·5%) 
were men. Additionally, hospitalisation and COVID-19-
related death were assessed together. Increased rates of 
COVID-19-related hospitalisation is not necessarily 
related to increased odds of death in patients with 
immune-mediated inflammatory diseases.28

Psoriasis
Up to 37% of patients with psoriasis in high-income 
countries are receiving cytokine inhibitors.41 Data on 
COVID-19 risk and outcomes for patients with psoriasis 
convincingly suggest a comparable risk profile as 
observed in the general population, with no increase in 
susceptibility to SARS-CoV-2 infection or severe 
COVID-19 reported in several cohort studies.28,30,32,42 A 
prospective study of 1830 patients with psoriasis taking 
biologics found comparable incidence of COVID-19 
diagnosis (9·7 vs 11·5 cases per 10 000 person-months), 
hospitalisation (6·5  vs 9·6), and death (0·0 vs 1·16) 
compared with reference values for the local 
population.29 Among 5206 patients with chronic plaque 
psoriasis from high-incidence areas treated with 
cytokine inhibitors, no deaths were reported and only 
four patients (all with comorbidities and older age) were 
admitted to the hospital with COVID-19 pneumonia,30 

despite the high prevalence of comorbidities in this 
population (25% obesity, 31% hypertension).

These results suggest no strong association between 
psoriasis and infection, hospitalisation, ICU admission, 
and death due to COVID-19. So far, only one study reported 
increased odds of SARS-CoV-2 infection (OR 3·43, 95% CI 
2·25–5·73]) and hospitalisation (OR 3·59, 1·49–8·63) 
among patients with psoriasis, but ICU admission rates 
and mortality risk were comparable with those of the 
general population.28 In all available studies, COVID-19 
death risk in psoriasis cohorts was similar to that of 
reference populations (table).28,29,31,32 It is important to note, 
however, that patients with psoriasis are likely to carry a 
heavier burden of cardiovascular, metabolic, and 
pulmonary comorbidities compared with the general 
population, thus potentially increasing the risk of severe 
COVID-19 despite good disease control by treatments.43

Inflammatory bowel diseases
Patients with Crohn’s disease and ulcerative colitis can 
be at increased infection risk because of gut barrier 

dysfunction and intensive immune-modulatory treat-
ments.44 At the onset of the COVID-19 pandemic, there 
was an intensified discussion about whether the integrity 
of the intestinal barrier might be associated with 
worse outcomes of SARS-CoV-2 infection. An increased 
expression of SARS-CoV-2 receptor ACE2 in the terminal 
ileum and colon of patients with inflammatory disease 
was observed in experimental settings, and increased 
gut leakage biomarkers were found in patients with 
severe COVID-19.45,46 Yet despite a high prevalence of 
gastrointestinal symptoms in patients with COVID-19, 
these factors do not seem to have clinically relevant effects 
on the COVID-19 disease course. Although early reports 
showed no cases of SARS-CoV-2 among patients with 
inflammatory bowel disease,33,47 subsequent research has 
identified COVID-19 cases among such patients;48 
however, no studies have found an association between 
SARS-CoV-2 infection and inflammatory bowel disease 
diagnosis (table).33,49 In one single-centre study of 
168 patients with inflammatory bowel disease, the 
prevalence of SARS-CoV-2 infection was 3·0% (com-
parable with the population-weighted prevalence), and 
infection was associated with age, obesity, hypertension, 
and diabetes.50 The most recent available analysis of the 
international SECURE-IBD database, published in 2020, 
suggests that people with inflammatory bowel disease 
have similar severe COVID-19 outcomes to that seen in 
the general population.49 Nevertheless, consistent with 
previous findings on infectious risk in patients with 
inflam matory bowel disease,51 higher disease activity and 
flares lead to increased susceptibility to SARS-CoV-2 
infection and worse COVID-19 outcomes.34 A 10-fold 
increase in risk of COVID-19-related pneumonia was 
found among patients with active inflam ma tory 
bowel disease (OR 10·25, 95% CI 2·11–49·73) in a study of 
79 patients, however, the same study also reported an 
almost 5-fold increase in patients taking glucocorticoids 
(OR 4·94, 0·95–22·55).34 In conclusion, evidence suggests 
that the risk profile for SARS-CoV-2 infection and severe 
COVID-19 outcomes in patients with inflammatory bowel 
disease is likely to be similar to the general population if 
patients have good disease control and do not use 
glucocorticoids; however, caution is advised in patients 
with poor disease control needing glucocorticoid 
treatment or those with comorbidities.

Connective tissue diseases
Patients with connective tissue diseases, such as systemic 
lupus erythematosus, primary Sjögren’s syndrome, 
systemic sclerosis, and polymyositis and dermatomyositis 
have an increased morbidity and mortality attributed to 
infectious diseases.52 Data on SARS-CoV-2 infection rate 
in patients with these diseases have produced conflicting 
results. Several reports have suggested an increased risk 
of SARS-CoV-2 infection in patients with connective 
tissue diseases when compared with the general 
population and to patients with other immune-mediated 

For the SECURE-IBD database 
see https://covidibd.org/

https://covidibd.org/
https://covidibd.org/
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inflammatory diseases.27,38 A meta-analysis that included 
319 025 patients from 62 studies53 showed that patients 
with connective tissue diseases had the highest 
prevalence of COVID-19 compared with other immune-
mediated inflammatory diseases. This group also had a 
higher proportion of glucocorticoid usage (60·3%), 
which might have contributed to this result.53

Evidence is also conflicting regarding COVID-19 
outcomes in patients with connective tissue diseases. A 
comparative cohort study of 456 patients with immune-
mediated inflammatory diseases and COVID-19 and 
healthy participants found that connective tissue disease, 
but not inflammatory arthritis, confers higher risk of 
severe COVID-19 (OR 1·82, 95% CI 1·00–3·30),54 after 
adjustment for sex, age, and comorbidities. By contrast, 
another matched cohort study of 123 patients with 
connective tissue diseases found opposite results, with 
only one patient undergoing rituximab treatment dying 
from COVID-19.37 Similar favourable results also 
emerged from an Italian observational cohort of 
268 patients with systemic lupus erythematosus.36 Data 
are scarce about the effect of therapy on SARS-CoV-2 
infection in patients with these diseases, particularly 
B-cell depleting therapies, but could partly explain these 
findings. Moreover, fewer studies are available in patients 
with connective tissue diseases by comparison with other 
immune-mediated inflammatory diseases and 
COVID-19. Thus, while awaiting larger studies, the 
question about an increased susceptibility to SARS-CoV-2 
infection in these patients remains open (table).

In our opinion, the vast majority of available data 
shows that diagnosis with an immune-mediated 
inflammatory disease does not itself increase the risk for 
SARS-CoV-2 infection or adverse COVID-19 outcomes, 
suggesting that the immune dysfunction in these 
patients does not necessarily affect their risk of 
SARS-CoV-2 infection.

Immunomodulatory therapies and COVID-19 
outcomes
Glucocorticoids
The risk for infectious mortality and morbidity related 
to chronic and high-dose therapeutic regimens 
with glucocorticoids is long-known, including for viral 
infections.14 Consequently, the relative risk associated 
with glucocorticoids is consistently higher than that of 
other drugs used for immune-mediated inflammatory 
diseases, often linear to daily dosage.16,35 Regarding 
COVID-19, the RECOVERY trial55 found that the use of 
systemic dexamethasone in patients without immune-
mediated inflammatory diseases resulted in lower 
mortality; however, this effect was only observed in 
severely ill patients requiring ventilator support, with 
potential evidence for harm in patients with mild 
COVID-19. The unfavourable effect of glucocorticoids in 
patients with mild COVID-19 was confirmed in another 
study, in which mortality and progression to ventilation 

Pa
ti

en
t 

po
pu

la
ti

on
, n

O
ng

oi
ng

 th
er

ap
ie

s
De

si
gn

SA
RS

-C
oV

-2
 in

fe
ct

io
n

H
os

pi
ta

lis
at

io
n

De
at

h

St
ud

y 
po

pu
la

tio
n

Ge
ne

ra
l p

op
ul

at
io

n
St

ud
y 

po
pu

la
tio

n
Ge

ne
ra

l 
po

pu
la

tio
n

St
ud

y 
po

pu
la

tio
n

Ge
ne

ra
l 

po
pu

la
tio

n

(C
on

tin
ue

d 
fro

m
 p

re
vi

ou
s p

ag
e)

Co
nn

ec
ti

ve
 ti

ss
ue

 d
is

ea
se

Fa
sa

no
 e

t a
l (

20
20

)36
26

8
Gl

uc
oc

or
tic

oi
ds

 5
8%

; 
cI

M
D 

37
%

Cr
os

s s
ec

tio
na

l
Su

sp
ec

te
d 

CO
VI

D–
19

‡ 
19

%
N

A
0%

N
A

0%
†

N
A

Fa
va

lli
 e

t a
l (

20
20

)37
12

3
Gl

uc
oc

or
tic

oi
ds

 6
4·

2%
; 

cI
M

D 
60

%
; c

yt
ok

in
e 

in
hi

bi
to

rs
 2

0%

Cr
os

s s
ec

tio
na

l
0·

81
%

;*
 su

sp
ec

te
d 

CO
VI

D–
19

‡ 
11

·3
%

*
0·

62
%

0·
8%

N
A

0·
8%

†
N

A

Bo
zz

al
la

 C
as

sio
ne

 e
t a

l 
(2

02
0)

38

16
5

N
A

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 
st

ud
y

2·
5%

*
0·

76
%

0·
65

%
N

A
0%

†
N

A

Fe
rri

 e
t a

l (
20

20
)27

16
41

 (4
2·

8%
 

w
ith

 co
nn

ec
tiv

e 
tis

su
e d

ise
as

e)

cI
M

D 
60

·6
%

; c
yt

ok
in

e 
in

hi
bi

to
rs

 5
1·

7%
Cr

os
s s

ec
tio

na
l

1·
5%

* c
on

fir
m

ed
 R

R 
fo

r 
bo

th
 g

ro
up

s: 
(IM

ID
 R

R 
1·

93
,1

·0
5–

3·
52

;*
 

co
nn

ec
tiv

e t
iss

ue
 d

ise
as

e 
RR

 5
·4

6,
 2

·0
4–

14
·6

3)
*§

0·
8%

N
A

N
A

0·
06

%
†

0·
07

%

Ri
sk

 is
 m

ea
su

re
d 

in
 te

rm
s o

f r
el

at
iv

e 
ris

k 
an

d 
in

 te
rm

s o
f p

re
va

le
nc

e 
(fo

r c
ro

ss
-s

ec
tio

na
l s

tu
di

es
) o

r i
nc

id
en

ce
 (f

or
 p

ro
sp

ec
tiv

e 
an

d 
re

tr
os

pe
ct

iv
e 

st
ud

ie
s)

 in
 co

m
pa

ris
on

 to
 a

 re
fe

re
nc

e 
po

pu
la

tio
n.

 N
A=

no
t a

va
ila

bl
e.

 n
s=

no
t s

ig
ni

fic
an

t. 
RR

=r
el

at
iv

e 
ris

k.
 

IM
ID

=i
m

m
un

e-
m

ed
ia

te
d 

in
fla

m
m

at
or

y 
ar

th
rit

is.
 cI

M
D=

co
nv

en
tio

na
l-i

m
m

un
om

od
ul

at
or

y d
ru

gs
. T

N
Fi

=t
um

ou
r n

ec
ro

sis
 fa

ct
or

 in
hi

bi
to

rs
. I

L1
7i

=i
nt

er
le

uk
in

-1
7 

in
hi

bi
to

rs
. J

AK
i=

JA
K 

in
hi

bi
to

rs
.*

In
cr

ea
se

d 
ris

k 
fo

r I
M

ID
. ‡

Pa
tie

nt
s w

ith
 C

O
VI

D-
19

-
co

m
pa

tib
le

 sy
m

pt
om

s b
ut

 n
ot

 h
av

in
g 

a d
efi

ni
te

 d
ia

gn
os

tic
 te

st
. †

Re
du

ce
d 

ris
k 

fo
r I

M
ID

. §
RR

 re
fe

rre
d 

to
 d

efi
ni

te
 a

nd
 h

ig
hl

y 
su

sp
ec

te
d 

CO
VI

D-
19

 ca
se

s w
ith

 co
nn

ec
tiv

e t
iss

ue
 d

ise
as

e 
in

 co
m

pa
ris

on
 to

 in
fla

m
m

at
or

y 
ar

th
rit

is.

Ta
bl

e:
 R

is
k 

of
 S

AR
S-

Co
V-

2 
in

fe
ct

io
n 

an
d 

ad
ve

rs
e C

O
VI

D-
19

 o
ut

co
m

es
 in

 in
fla

m
m

at
or

y 
ar

th
rit

is
, p

so
ria

si
s,

 in
fla

m
m

at
or

y 
bo

w
el

 d
is

ea
se

s,
 a

nd
 co

nn
ec

ti
ve

 ti
ss

ue
 d

is
ea

se
s



www.thelancet.com/rheumatology   Vol 3   October 2021 e729

Review

increased after glucocorticoid therapy.56 The adverse 
effects of glucocorticoids in the context of COVID-19 
have also been confirmed in patients with inflammatory 
arthritis and inflammatory bowel disease, where chronic 
glucocorticoid intake was associated with higher risk of 
SARS-CoV-2 infection, increased hospitalisation, ICU 
admission rates, and mortality.22,26,57–59 In a large cross-
sectional study on 600 patients with immune-mediated 
inflammatory diseases from 40 countries (using data 
from the COVID-19 Global Rheumatology Alliance 
[GRA]), the main clinical and demographical variables 
associated with COVID-19-related hospitalisation were 
older age (>65 years), cardiovascular, pulmonary, and 
renal comorbidities, and the intake of 10 mg or more of 
prednisone daily, which was associated with a doubled 
risk of hospitalisation (OR 2·05, 95% CI 1·06–3·96).57 
Similar results emerged in another large, multicentre 
study of 2050 patients with inflammatory arthritis in a 
high-incidence area during the first stages of the 
pandemic; use of 2·5 mg or more of prednisone daily 
was associated with a significantly higher probability of 
symptomatic SARS-CoV-2 infection (RR 2·89, 95% CI 
1·26–6·62; figure 2).21 Nonetheless, since glucocorticoid 
intake usually reflects increased disease activity, 
disentangling the two factors is difficult. For instance, an 
analysis of 3729 patients from the GRA registry initially 
revealed that a prednisolone-equivalent dose of more 
than 10 mg per day (OR 1·69, 95% CI 1·18–2·41]) and 
moderate-to-high disease activity (OR 1·87, 1·27–2·77) 
were associated with higher odds of death.60 However, 
reanalysis of the same data later showed that moderate-
to-severe disease activity alone (OR 1·81, 95% CI 
1·14–2·86), but not glucocorticoids alone, resulted in 
increased risk of death by COVID-19.61 Nevertheless, the 
strength of association between disease activity and 
death increased when higher dosages of glucocorticoids 
(ie, more than 10 mg per day) were taken. Altogether, 
glucocorticoid use and disease activity are highly 
overlapped and current data do not allow identification of 
which of the two variables is the major contributor to 
risk. Yet, identification of the relevant variable would 
have a minor effect on clinical practice, as ensuring 
sufficient disease control also leads to a reduced use of 
glucocorticoids.

Conventional immunomodulatory drugs
Data on the specific effect of conventional immuno-
modulatory drugs on SARS-CoV-2 infection and COVID-19 
disease course are scarce and, to some extent, contrasting. 
One analysis of the GRA database found an association 
between sulfasalazine (OR 3·60, 95% CI, 1·66–7·78) and 
other immunosuppressant drugs (eg, cyclophosphamide, 
mycophenolate, tacrolimus, ciclosporin, or azathioprine; 
RR 2·22, 1·43–3·46) with poorer COVID-19 outcomes.60 
Sulfasalazine was also associated with an increased risk of 
adverse COVID-19 outcomes in patients treated for 
in flam ma tory bowel disease.49 In a cohort of 1439 patients 

with inflammatory bowel disease and COVID-19,49 
thiopurine monotherapy (RR 4·08, 1·73–9·61) and 
combination therapy (RR 4·01, 1·65–9·78) resulted in an 
increased risk of severe COVID-19—defined as ICU 
admission, need for mechanical ventilation, and death—
compared with patients treated with TNF inhibitors. 
However, previous data from several patient cohorts show 
no increased risk associated with any conventional 
immunomodulatory drugs.21,22,27 Additionally, patients 
treated with conventional-synthetic disease-modifying 
anti-rheumatic drugs had similar rates of IgG 
seroconversion to SARS-CoV-2 compared with healthy 
participants.62 The available evidence suggests caution with 
sulfasalazine, and potentially some other immuno-
modulatory drugs, but further studies are required to 
comprehensively evaluate the effects of individual 
immunomodulatory drugs on COVID-19.

Cytokine inhibitors
Evidence gathered throughout all phases of the 
pandemic suggest cytokine inhibitors are safe. That said, 
a single report has described an increased risk of 
SARS-CoV-2 infection (OR 3·43, 95% CI 2·25–5·73) 
and hospitalisation (3·59, 1·49–8·63) in patients 
with psoriasis treated with cytokine inhibitors.28 Notably, 
however, odd ratios were not adjusted for confounding 
exposures, and the population studied was predominantly 
men with high prevalence of risk factors for COVID-19 
(eg, older age, high body-mass index [BMI], high smoking 
prevalence) who were from a high-incidence region, and 
these factors might have led to an overestimation of risk. 
By contrast, other studies have shown no increase in the 
rates of COVID-19 in cohorts of patients with immune-
mediated inflammatory diseases receiving continued 
anticytokine therapy (figure 3).13,23,24,57,64 Additionally, 
significantly lower anti-SARS-CoV-2 seroconversion rates 

Figure 2: Relative risk of SARS-CoV-2 infection and COVID-19-related hospitalisation and death in patients 
with immune-mediated inflammatory disease receiving glucocorticoids compared with patients with 
immune-mediated inflammatory disease not receiving glucocorticoids
Significant results (p<0·05) are reported in red, non-significant results are reported in grey. Only studies that 
reported relative risk values for glucocorticoids exposure were included.21–24,26,34,37
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(a proxy for infection rates) were reported in a large 
cohort study of 534 patients treated with cytokine 
inhibitors compared with participants from the general 
population and health-care workers.62 Only 0·75% of the 
patients treated with anticytokine drugs had developed 
anti-SARS-CoV-2 IgG (risk ratio [RR] 0·32, 95% CI 
0·11–0·99), whereas patients not receiving cytokine 
blockade showed a prevalence of anti-SARS-CoV-2 
IgG responses com parable to healthy participants (3·09%; 
RR 1·21, 0·50–2·90). This result aligns with previous 
observations from the 2003 SARS-CoV and the 2012 
Middle East respiratory syndrome epidemics, which 
reported no increased risk of infection, morbidity, and 
mortality for patients affected by conditions requiring 
immuno modulatory treatment.65 It’s worth noting that 
studies that use seroconversion as evidence of 
SARS-CoV-2 infection have some limitations; for 
example, not all participants exposed to SARS-CoV-2 
mount humoral immunity against the virus leading to 
seroconversion, and patients with underlying illnesses 

might take extra precautions (eg, shielding) and thus 
have lower exposure to the virus. Nevertheless, 
seroprevalence studies allow estimations of infection 
prevalence in a population.

Pathogenic similarities between severe COVID-19 and 
immune-mediated inflammatory diseases might also 
explain the favourable safety profile of cytokine 
inhibitors.66 Notably, the trials on the use of the anti-IL-6 
receptor inhibitor tocilizumab67–69 and JAK inhibitors 
baricitinib and tofacitinib70–72 in severe COVID-19 have 
shown positive, albeit small, effects on progression to 
ventilation, survival, and time to recovery in patients 
without underlying immune diseases. However, data on 
COVID-19 in patients receiving stable therapy with JAK 
inhibitors are currently scarce. One study reported that 
JAK inhibitor treatment in patients with rheumatoid 
arthritis might be associated with severe COVID-19,63 
suggesting that, similar to glucocorticoids, the timing of 
immunomodulation might affect the disease course.

In inflammatory arthritis, the risk of COVID-19 death 
was higher only for patients with rheumatoid arthritis 
receiving maintenance therapy with glucocorticoids, 
whereas no difference in disease course was found for 
cytokine inhibitors (table).21,22,26 A European multicentre 
study investigated the clinical and serological prevalence 
of SARS-CoV-2 in 3028 patients with diverse immune-
mediated inflammatory diseases, predominantly inflam-
matory arthritis, and found that those treated with 
cytokine inhibitors showed an almost 50% reduction 
in symptomatic COVID-19 (OR 0·51, 0·32–0·82),73 

suggesting that cytokine inhibitors (eg, TNF inhibitors) 
can alleviate the course of COVID-19. In a prospective 
study of 103 patients with inflammatory arthritis from 
the USA, in which the use of oral glucocorticoid was 
associated with a significant increase in the risk of 
hospital admission, even after adjustment for age and 
comorbidities (OR 26·22, 3·82–180·19), whereas cytokine 
inhibitors were not.26 In that study, patients who were 
hospitalised were more likely to be older than  65 years 
and have hypertension.

A protective effect of cytokine inhibitors in patients 
with symptomatic COVID-19 was also reported among 
2050 patients with inflammatory arthritis (adjusted 
OR 0·47, 0·46–0·48).21 A trend for safety of 
cytokine inhibitors was also reported in a study of 
2869 patients with rheumatoid arthritis; however, 
rituximab (OR 4·15, 3·16–5·44) and JAK inhibitors 
(OR 2·06, 1·60–2·65) were both associated with severe 
COVID-19, including hospitalisation, oxygen therapy, 
mechanical ventilation, or death,63 and these associations 
persisted after adjustment for demographics and 
comorbidities. Altogether, these data support continuing 
cytokine inhibitors for the treatment of inflammatory 
arthritis. However, closer attention and more specific 
studies on SARS-CoV-2 infection in patients receiving 
JAK inhibitors and rituximab are needed, as these drugs 
can potentially interfere with the antiviral response.63,74

Figure 3: Relative risk of SARS-CoV-2 infection and COVID-19-related hospitalisation, ICU admission, and 
death in patients with immune-mediated inflammatory diseases receiving cytokine inhibitors compared 
with patients with immune-mediated inflammatory disease not receiving cytokine inhibitors
Significant results (p<0·05) are reported in red, non-significant results are reported in grey. Only studies that 
reported relative risk values for biological and targeted synthetic DMARD exposure were included in the 
figure.22,24,26–28,34,49,63,64 DMARD=disease modifying anti-rheumatic drug. ICU=intensive care unit. *DMARDs. 
†JAK inhibitors. ‡Rituximab. §TNF inhibitors. ¶IL-17 inhibitors.
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Pre-pandemic era reports on cytokine inhibitor-related 
risk of infection in patients with psoriasis linked 
TNF inhibitors, but not IL-17 and IL-23 inhibitors, to an 
increase of the risk of upper respiratory tract infection;17 
however, meta-analyses did not find differences in the 
rate of serious infections for any cytokine inhibitor used 
in psoriasis.75 Data from a global registry of COVID-19 in 
patients with psoriasis showed that hospitalisations were 
more frequent in those using non-biologic systemic 
therapy than with biologics (OR 2·84, 1·31–6·18).76 
Also, anecdotal reports of patients with psoriasis who 
continued IL-17 inhibitors or IL-23 inhibitors despite 
having COVID-19 have been reported. In such cases, 
patients had an asymptomatic to mild disease course 
with normal resolution of the infection. Data on 
cytokine inhibitors and COVID-19 in patients with 
inflammatory bowel disease are consistent. Multiple 
studies on inflammatory bowel disease cohorts 
confirmed that cytokine inhibitors are not associated 
with an increased risk of SARS-CoV-2 infection or 
susceptibility to severe COVID-19 (table).36,48,51

In connective tissue diseases, the use of targeted 
immune modulatory drugs is almost exclusively 
restricted to B-cell-targeted drugs, which are known to 
impair humoral immune responses. Treatment with the 
anti-CD20 drug rituximab was previously associated with 
increased susceptibility to viral infections, including 
hepatitis B virus, cytomegalovirus, and human polyoma-
virus 2 (commonly known as JC virus).77–78 The effect 
of B-cell depletion on SARS-CoV-2 infection remains 
to be clarified. Two patients with systemic vasculitis 
and multiple comorbidities were reported to have 
mild COVID-19 despite rituximab treatment.79,80 Also, 
an analysis of the GRA registry had found no evidence 
of significantly poorer outcomes in the first 37 patients 
treated with rituximab, who were pooled with other 
cytokine inhibitors-treated patients.57 However, as the 
pandemic has progressed, contrasting evidence from 
COVID-19 registry data and cohorts of patients with 
connective tissue diseases, reported long-persisting 
SARS-CoV-2 viraemia, delayed humoral response, and 
higher rates of hospitalisation, severe COVID-19 and 
death in patients taking B-cell depleting therapies.77,78,81 
A French cohort study found a negative effect of 
rituximab on severe COVID-19 outcomes (pooled risk of 
ICU admission or death) but not on the risk of death in 
patients with immune-mediated inflammatory diseases.82 
The 63 patients treated with rituximab were more likely 
to develop severe COVID-19 (effect size 3·26, 1·66–6·40) 
even after correcting for other risk factors including age, 
BMI, comorbidities, and glucocorticoid use.82 Patients 
with a shorter interval (<50 days) between rituximab 
infusion and COVID-19 progressed to severe disease 
more often than those with a longer interval. Additionally, 
an analysis of the GRA registry reported higher odds of 
deaths due to COVID-19 in 159 patients treated with 
rituximab (OR 4·04, 2·32–7·03).60 Therefore, further 

research on whether, when, and how to discontinue 
B-cell depleting therapies in COVID-19 is needed before 
a definite statement on the safety of B cell depletion is 
possible (table).

Response to SARS-CoV-2 vaccination
mRNA and vector-based vaccines lead to robust humoral 
and cellular immune responses in healthy individuals,83,84 
but data on vaccine responses in patients with immune-
mediated inflammatory diseases are currently scarce. A 
small study of 26 such patients suggested development 
of anti-SARS-CoV-2 IgG antibodies in response to 
vaccination85 with no effect on underlying disease activity. 
Larger studies have suggested that mRNA vaccination 
responses might be impaired in a proportion of patients 
with immune-mediated inflammatory diseases. In an 
observational study on mostly young (median age 
44 years), female patients with immune-mediated 
inflammatory diseases, 94% developed anti-SARS-CoV-2 
antibodies, but no control group was included.86 An 
initial signal of reduced vaccine immunogenicity came 
from a prospective cohort study of 84 patients with 
immune-mediated inflammatory diseases and 
182 healthy participants, which showed delayed and 
reduced antibody responses, with one in ten patients not 
having sufficient neutralising antibody responses, 
compared with one in 100 healthy participants.87 Patients 
with immune-mediated inflam matory diseases not 
taking immunomodulatory drugs were shown to respond 
less efficiently to the vaccine than healthy participants, 
suggesting impairment related to disease activity rather 
than to a role for particular therapies.

A decreased humoral immune response to vaccines in 
patients with these diseases seems to be evident after the 
first vaccine. Among 120 patients with immune-mediated 
inflammatory diseases who received either mRNA or viral 
vector-based vaccines, 15% of participants receiving 
immunomodulatory drugs, and particularly patients 
taking conventional medications such as methotrexate, 
did not develop detectable concentrations of 
anti-SARS-CoV-2 antibodies.88 Another study, published as 
a preprint, of 133 patients reported a 3-fold reduction in 
antibody titres among patients receiving anti-metabolite 
therapies, and a 10-fold reduction in antibody titres among 
patients treated with prednisone, independently of 
the daily dose.89 Attenuated vaccination responses in 
patients taking conventional immunomodulatory drugs 
was confirmed in another multi-centre study of 82 patients 
with immune-mediated inflammatory diseases (compared 
with 208 healthy participants), with patients treated with 
methotrexate showing reduced rates of adequate 
immunogenicity to mRNA vaccination and reduced 
CD8+ T-cell responses. Patients on anticytokine or 
non-methotrexate oral medications had similar 
immunogenicity compared with healthy participants.90 
These latter findings are in accordance with previous 
vaccine studies done in patients with inflammatory arthritis, 
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in which cytokine inhibitors seem to have no effect on 
vaccination response.91 For inflammatory bowel disease, a 
large vaccination study showed that patients treated with 
infliximab and vedolizumab usually responded well to the 
mRNA and viral vector-based vaccines, although responses 
were blunted by a factor of 0·29 for mRNA-based vaccines 
and 0·39 for viral vector-based vaccines in those receiving 
TNF inhibitors as compared with vedolizumab.92,93 Thus, 
patients receiving TNF blockers might require monitoring 
of appropriate vaccination responses.94

Another small study in patients with systemic 
autoinflammatory syndromes treated with IL-1 inhibitors 
reported good responses and safety after COVID-19 
vaccinations, with no evidence for vaccine-induced disease 
flares.92 Studies of influenza vaccination showed that anti-
CD20 therapies blunt the humoral immune response to 
vaccines. This response has been confirmed for 
SARS-CoV-2 vaccines with one study showing that none 
of the patients treated with B-cell targeted therapies 
developed a serological response to at least one dose of 
vaccination.95–97 A longer delay time period between the 
last rituximab infusion and vaccination, which allows 
partial reconstitution of B cells, was associated with 
increased odds of seroconversion. Despite the absence of 
an assessment after the completion of the vaccine cycle for 
all patients and insufficient data on specific vaccination 
types, these findings that specific studies on the timing of 
rituximab treatment will be necessary to develop 
an individualised vaccination strategy. Furthermore, 
although humoral immune responses to SARS-CoV-2 
vaccines are impaired or absent in patients with depleted 
B-cell concentrations, evidence so far suggests that T-cell 
responses are not impaired, suggesting that SARS-CoV-2 
vaccination can and should be also done in patients taking 
these medications.96,97 Further studies will be needed to 
determine the importance of T-cell responses against 
SARS-CoV-2 to address the management of people who 
are humoral non-responders. However, the ideal time for 
SARS-CoV-2 vaccination seems to be during the phase of 
B-cell repopulation, just before receiving the next course 
of CD20 targeted therapy.

Conclusion
Overall, current data are largely reassuring as they do not 
strongly suggest that the presence of an immune-
mediated inflammatory disease or most medications 
associated with their treatment (except for glucocorticoids 
and rituximab) universally puts patients at increased 
risk for SARS-CoV-2 infection or the development of 
severe COVID-19. The higher risk of severe COVID-19 
reported in some studies20,57 might be attributed to the 
accompanying cardiovascular, pulmonary, and metabolic 
comorbidities associated with these diseases, which 
have been shown to be the main determinants of 
poor COVID-19 outcomes.2,20 Notably, increased rates of 
hospitalisation in patients with immune-mediated 
inflammatory disease were not associated with increased 

rates of death.28 Consequently, particular attention 
might be focused on controlling comorbidities and to 
prioritising vaccination according to comorbidities.

Although abundant evidence shows that glucocorticoid 
use leads to increased risk of infection and COVID-19-
related morbidity and mortality in patients with immune-
mediated inflammatory disease, cytokine inhibitors do not 
seem to interfere with antiviral response or viral clearance; 
no marked differences in COVID-19 susceptibility have 
emerged between patients and the general population. On 
the contrary, protective effects have been reported for 
cytokine inhibitors, particularly TNF inhibitors.21,26,57 These 
effects could be due to better control of the underlying 
disease, lower use of glucocorticoids, beneficial effects of 
cytokine blockade on preventing the development of 
hyperinflammatory states, or a combination thereof. In 
view of these findings, current recommendations from 
rheumatologists, dermatologists, and gastroenterologists 
unanimously recommend continuation of cytokine 
inhibitors during the pandemic.98–102 Despite the fact that 
the continuation of cytokine inhibitors during COVID-19 
infection has not been shown to lead to poorer outcomes 
in several reported cases, patients with evidence of SARS-
CoV-2 infection, even if asymptomatic, are currently 
advised to suspend such drugs.98–102

The findings discussed in this Review seem to be 
consistent across high-income countries with diverse 
health systems and in patients with different immune-
mediated inflammatory diseases (table) but little 
evidence is available on COVID-19 in patients in 
low-income countries.103 In many of these countries, 
insufficient testing capacity and already strained health-
care systems have resulted in barriers to access of 
medical care. For patients with immune-mediated 
inflammatory diseases, this issue adds to the challenge 
of receiving adequate care during the pandemic, 
especially in rural areas with poor infrastructure. An 
increase in the risk of relapse and in glucocorticoid use 
could come as a consequence of the pandemic in 
low-resource settings, which could potentially expose 
the patient population to worse COVID-19 outcomes by 
comparison with their counterparts in high-income 
countries.

Altogether, immune-mediated inflammatory diseases 
and cytokine inhibitors do not seem to affect 
susceptibility to and severity of COVID-19. Conversely, 
broad spectrum immune suppression (eg, 
glucocorticoids, B-cell depleting drugs) is linked to 
worse outcomes, suggesting that the action of modern 
treatments (ie, cytokine inhibitors) are confined to 
dampening specific immune pathways without 
impairing host defence. As control of inflammation is 
crucial to the overall health of patients with immune-
mediated inflammatory diseases, the benefits of cytokine 
inhibitors seem to outweigh the risks, and these drugs 
can be and have been continued during this pandemic, 
although patients should still adhere to preventive 
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measures against SARS-CoV-2 infection. Furthermore, 
data from patients with immune-mediated inflammatory 
diseases undergoing vaccination suggest that COVID-19 
vaccines are effective, despite immuno modulatory 
treatment, except for B-cell depleting therapies, 
methotrexate, or TNF blockers. Individuals receiving 
these therapies might require testing to assess whether 
adequate immune responses are elicited after vaccination 
and whether booster vaccination is required to generate 
sufficient protection against SARS-CoV-2 infection in 
these individuals.
Contributors
FF, VS, KT, DS, MN, and MS made the literature research and analysed 
the data. FF, DS, and GS wrote the first draft of the manuscript. FF, DS, 
MN, MS, and GS edited and developed the final version. FF, DS, GS did 
the literature research and wrote the manuscript. GS, KT, MS, and MN 
revised the manuscript. FF, DS, and GS had full access to all the data and 
take the final responsibility to submit the manuscript for publication.

Declaration of interests
KT reports honoraria for lectures from UCB and Gilea. MS reports 
honoraria for lectures from Abbvie, Amgen, Celgene, Hexal, Jannsen, 
Leo, Lilly, Pfizer, Merck Sharpe & Dome, Mundipharma, Novartis, Sanofi, 
UCB; support for attending meetings from Abbvie, Celgene, Hexal, 
Jannsen, Leo, Lilly, Pfizer, Novartis, UCB; and participation advisory 
boards from Abbvie, Amgen, Celgene, Hexal, Jannsen, Leo, Lilly, Pfizer, 
Merck Sharpe & Dome, Mundipharma, Novartis, Sanofi, and UCB. 
MN reports consulting fees from Boehringer Ingelheim, 
IFM Therapeutics, Sterna Biologicals, Pentax; and honoraria for lectures 
from Abbvie, Amgen, Celgene, Falk, Janssen, Merck Sharpe & Dome, 
and Takeda. GS reports honoraria for lectures from Abbvie, 
Bristol Myers Squibb, Eli Lilly, Gilead, Janssen, Novartis, Pfizer, UCB; 
and consulting fees from Eli Lilly, Janssen, Novartis.

Acknowledgments
This study was supported by the Deutsche Forschungsgemeinschaft 
(reference FOR2886 PANDORA and the CRC1181), the 
Bundesministerium für Bildung und Forschung (project MASCARA), 
the H2020 GA 810316–4D-Nanoscope ERC Synergy Project, the IMI 
funded projects RTCure and HIPPOCRATES, the Emerging Fields 
Initiative MIRACLE of the Friedrich–Alexander Universität Erlangen–
Nürnberg. DS acknowledges funding from the Else Kröner–Fresenius–
Stiftung (Else Kröner-Memorial-Stipendium, number 2019_EKMS.27).

References
1 Wu F, Zhao S, Yu B, et al. A new coronavirus associated with 

human respiratory disease in China. Nature 2020; 579: 265–69.
2 Huang C, Wang Y, Li X, et al. Clinical features of patients infected 

with 2019 novel coronavirus in Wuhan, China. Lancet 2020; 
395: 497–506.

3 Najm A, Alunno A, Mariette X, et al. Pathophysiology of acute 
respiratory syndrome coronavirus 2 infection: a systematic 
literature review to inform EULAR points to consider. RMD Open 
2021; 7: e001549.

4 Schett G, Sticherling M, Neurath MF. COVID-19: risk for cytokine 
targeting in chronic inflammatory diseases? Nat Rev Immunol 2020; 
20: 271–72.

5 Meroni PL, Zavaglia D, Girmenia C. Vaccinations in adults with 
rheumatoid arthritis in an era of new disease-modifying anti-
rheumatic drugs. Clin Exp Rheumatol 2018; 36: 317–28.

6 Singh JA, Cameron C, Noorbaloochi S, et al. Risk of serious 
infection in biological treatment of patients with 
rheumatoid arthritis: a systematic review and meta-analysis. Lancet 
2015; 386: 258–65.

7 Winthrop KL, Novosad SA, Baddley JW, et al. Opportunistic 
infections and biologic therapies in immune-mediated 
inflammatory diseases: consensus recommendations for infection 
reporting during clinical trials and postmarketing surveillance. 
Ann Rheum Dis 2015; 74: 2107–16.

8 Blumentals WA, Arreglado A, Napalkov P, Toovey S. Rheumatoid 
arthritis and the incidence of influenza and influenza-related 
complications: a retrospective cohort study. 
BMC Musculoskelet Disord 2012; 13: 158.

9 Furer V, Rondaan C, Heijstek M, et al. Incidence and prevalence of 
vaccine preventable infections in adult patients with autoimmune 
inflammatory rheumatic diseases (AIIRD): a systemic literature review 
informing the 2019 update of the EULAR recommendations for 
vaccination in adult patients with AIIRD. RMD Open 2019; 5: e001041.

10 Mehta B, Pedro S, Ozen G, et al. Serious infection risk in 
rheumatoid arthritis compared with non-inflammatory rheumatic 
and musculoskeletal diseases: a US national cohort study. 
RMD Open 2019; 5: e000935.

11 Listing J, Gerhold K, Zink A. The risk of infections associated with 
rheumatoid arthritis, with its comorbidity and treatment. 
Rheumatology (Oxford) 2013; 52: 53–61.

12 Furst DE. The risk of infections with biologic therapies for 
rheumatoid arthritis. Semin Arthritis Rheum 2010; 39: 327–46.

13 Quartuccio L, Zabotti A, Del Zotto S, Zanier L, De Vita S, Valent F. 
Risk of serious infection among patients receiving biologics for 
chronic inflammatory diseases: usefulness of administrative data. 
J Adv Res 2018; 15: 87–93.

14 Stuck AE, Minder CE, Frey FJ. Risk of infectious complications in 
patients taking glucocorticosteroids. Rev Infect Dis 1989; 
11: 954–63.

15 Klein NC, Go CHU, Cunha BA. Infections associated with steroid 
use. Infect Dis Clin North Am 2001; 15: 423–32, viii.

16 Germano V, Cattaruzza MS, Osborn J, et al. Infection risk in 
rheumatoid arthritis and spondyloarthropathy patients under 
treatment with DMARDs, corticosteroids and TNF-α antagonists. 
J Transl Med 2014; 12: 77.

17 Gooderham M, Papp K. Clinical trial and registry data. 
Curr Probl Dermatol 2018; 53: 15–27.

18 Lewandowski LB, Hsieh E. Global rheumatology in the time of 
COVID-19. Lancet Rheumatol 2020; 2: e254–55.

19 Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated 
with COVID-19-related death using OpenSAFELY. Nature 2020; 
584: 430–36.

20 Griffith GJ, Morris TT, Tudball MJ, et al. Collider bias undermines 
our understanding of COVID-19 disease risk and severity. 
Nat Commun 2020; 11: 5749.

21 Favalli EG, Bugatti S, Klersy C, et al. Impact of corticosteroids and 
immunosuppressive therapies on symptomatic SARS-CoV-2 
infection in a large cohort of patients with chronic 
inflammatory arthritis. Arthritis Res Ther 2020; 22: 290.

22 Costantino F, Bahier L, Tarancón LC, et al. COVID-19 in French 
patients with chronic inflammatory rheumatic diseases: clinical 
features, risk factors and treatment adherence. Joint Bone Spine 
2021; 88: 105095.

Search strategy and selection criteria

We searched PubMed, medRxiv, bioRxiv, and Google Scholar 
for articles published from Jan 1, 2020, to May 31, 2020, using 
the search terms “COVID-19”, “SARS-CoV-2”, 
“Glucocorticoids”, “DMARD”, “csDMARD”, “bDMARD”, 
“Biologics”, and the comprehended drug classes, “tsDMARD”, 
“Seroconversion”, and “arthritis”, “Rheumatoid, arthritis”, 
“Psoriatic arthritis”, “psoriasis”, “Inflammatory bowel 
diseases” “IBD”, “Crohn’s disease”, “Ulcerative colitis”. We also 
searched for “Infection”, “Hospitalisation”, “Intensive care 
unit”, “ICU”, “Mechanical ventilation”, “Morbidity”, and 
“Mortality” risk and rates related to COVID-19 in patients 
receiving immunomodulatory drugs, and reviewed 
publications that reported data on these parameters. 
Finally, we searched for “Vaccine” and “Vaccination” 
“Response” and “Immunogenicity” related to 
immunomodulatory drugs. We limited our search to articles 
that were published in English.



e734 www.thelancet.com/rheumatology   Vol 3   October 2021

Review

23 Favalli EG, Monti S, Ingegnoli F, Balduzzi S, Caporali R, 
Montecucco C. Incidence of COVID-19 in patients with rheumatic 
diseases treated with targeted immunosuppressive drugs: what can 
we learn from observational data? Arthritis Rheumatol 2020; 
72: 1600–06.

24 Fernandez-Gutierrez B, Leon L, Madrid A, et al. Hospital 
admissions in inflammatory rheumatic diseases during the peak of 
COVID-19 pandemic: incidence and role of disease-modifying 
agents. Ther Adv Musculoskelet Dis 2021; 13: 1759720X2096269.

25 Topless RK, Phipps-Green A, Leask M, et al. Gout, rheumatoid 
arthritis, and the risk of death related to coronavirus disease 2019: 
an analysis of the UK biobank. ACR Open Rheumatol 2021; 
3: 333–40.

26 Haberman RH, Castillo R, Chen A, et al. COVID-19 in patients with 
inflammatory arthritis: a prospective study on the effects of 
comorbidities and disease-modifying antirheumatic drugs on 
clinical outcomes. Arthritis Rheumatol 2020; 72: 1981–89.

27 Ferri C, Giuggioli D, Raimondo V, et al. COVID-19 and rheumatic 
autoimmune systemic diseases: report of a large Italian patients 
series. Clin Rheumatol 2020; 39: 3195–3204.

28 Damiani G, Pacifico A, Bragazzi NL, Malagoli P. Biologics increase 
the risk of SARS-CoV-2 infection and hospitalization, but not 
ICU admission and death: real-life data from a large cohort during 
red-zone declaration. Dermatol Ther 2020; 33: e13475.

29 Piaserico S, Gisondi P, Cazzaniga S, Naldi L. Lack of evidence for 
an increased risk of severe COVID-19 in psoriasis patients on 
biologics: a cohort study from northeast Italy. Am J Clin Dermatol 
2020; 21: 749–51.

30 Gisondi P, Facheris P, Dapavo P, et al. The impact of the COVID-19 
pandemic on patients with chronic plaque psoriasis being treated 
with biological therapy: the northern Italy experience. Br J Dermatol 
2020; 183: 373–74.

31 Gisondi P, Zaza G, Del Giglio M, Rossi M, Iacono V, Girolomoni G. 
Risk of hospitalization and death from COVID-19 infection in 
patients with chronic plaque psoriasis receiving a biologic treatment 
and renal transplant recipients in maintenance immunosuppressive 
treatment. J Am Acad Dermatol 2020; 83: 285–87.

32 Lima XT, Cueva MA, Lopes EM, Alora MB. Severe COVID-19 
outcomes in patients with psoriasis. J Eur Acad Dermatol Venereol 
2020; 34: e776–78.

33 Norsa L, Indriolo A, Sansotta N, Cosimo P, Greco S, D’Antiga L. 
Uneventful course in patients with inflammatory bowel disease 
during the severe acute respiratory syndrome coronavirus 2 
outbreak in northern Italy. Gastroenterology 2020; 159: 371–72.

34 Bezzio C, Saibeni S, Variola A, et al. Outcomes of COVID-19 in 
79 patients with IBD in Italy: an IG-IBD study. Gut 2020; 
69: 1213–17.

35 Lukin DJ, Kumar A, Hajifathalian K, et al. Baseline disease activity 
and steroid therapy stratify risk of COVID-19 in patients with 
inflammatory bowel disease. Gastroenterology 2020; 
159: 1541–44.e2.

36 Fasano S, Ciccia F. Incidence of COVID-19 in an Italian cohort of 
patients with systemic lupus erythematosus: an observational 
survey. Clin Exp Rheumatol 2021; 39 (suppl 128): 13.

37 Favalli EG, Agape E, Caporali R. Incidence and clinical course of 
COVID-19 in patients with connective tissue diseases: a descriptive 
observational analysis. J Rheumatol 2020; 47: 1296.

38 Bozzalla Cassione E, Zanframundo G, Biglia A, et al. COVID19 
infection in a northern Italian cohort of systemic lupus 
erythematosus assessed by telemedicine. Ann Rheum Dis 2020; 
79: 791382–83.

39 Westreich D, Greenland S. The table 2 fallacy: presenting and 
interpreting confounder and modifier coefficients. Am J Epidemiol 
2013; 177: 292–98.

40 England BR, Roul P, Yang Y, et al. Risk of COVID-19 in 
rheumatoid arthritis: a national veterans affairs matched cohort 
study in at-risk individuals. Arthritis Rheumatol 2021; published 
online May 5. https://doi.org/10.1002/art.41800.

41 Takeshita J, Gelfand JM, Li P, et al. Psoriasis in the US medicare 
population: prevalence, treatment, and factors associated with 
biologic use. J Invest Dermatol 2015; 135: 2955–63.

42 Strippoli D, Barbagallo T, Prestinari F, Russo G, Fantini F. Biologic 
agents in psoriasis: our experience during coronavirus infection. 
Int J Dermatol 2020; 59: e266–67.

43 de Oliveira M de FSP, Rocha B de O, Duarte GV. Psoriasis: 
classical and emerging comorbidities. Ann Bras Dermatol 2015; 
90: 09–20.

44 Alatab S, Sepanlou SG, Ikuta K, et al. The global, regional, 
and national burden of inflammatory bowel disease in 195 countries 
and territories, 1990–2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet Gastroenterol Hepatol 2020; 
5: 17–30.

45 Hoel H, Heggelund L, Reikvam DH, et al. Elevated markers of gut 
leakage and inflammasome activation in COVID-19 patients with 
cardiac involvement. J Intern Med 2021; 289: 523–31.

46 Burgueño JF, Reich A, Hazime H, et al. Expression of SARS-CoV-2 
entry molecules ACE2 and TMPRSS2 in the gut of patients with 
IBD. Inflamm Bowel Dis 2020; 26: 797–808.

47 Mao R, Liang J, Shen J, et al. Implications of COVID-19 for patients 
with pre-existing digestive diseases. Lancet Gastroenterol Hepatol 
2020; 5: 425–27.

48 Berte’ R, Mazza S, Stefanucci MR, et al. Seroprevalence of SARS-
CoV2 in IBD patients treated with biological therapy. 
J Crohn’s Colitis 2021; 15: 864–68.

49 Ungaro RC, Brenner EJ, Gearry RB, et al. Effect of IBD medications 
on COVID-19 outcomes: results from an international registry. Gut 
2021; 70: 725–32.

50 Gubatan J, Levitte S, Balabanis T, Patel A, Sharma A, Habtezion A. 
SARS-CoV-2 testing, prevalence, and predictors of COVID-19 in 
patients with inflammatory bowel disease in northern California. 
Gastroenterology 2020; 159: 1141–44.e2.

51 Irving PM, Gibson PR. Infections and IBD. 
Nat Clin Pract Gastroenterol Hepatol 2008; 5: 18–27.

52 Falagas ME, Manta KG, Betsi GI, Pappas G. Infection-related 
morbidity and mortality in patients with connective tissue diseases: 
a systematic review. Clin Rheumatol 2007; 26: 663–70.

53 Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and 
clinical outcomes of COVID-19 in patients with autoimmune 
diseases: a systematic review and meta-analysis. Ann Rheum Dis 
2021; 80: 384–91.

54 Pablos JL, Galindo M, Carmona L, et al. Clinical outcomes of 
hospitalised patients with COVID-19 and chronic inflammatory and 
autoimmune rheumatic diseases: a multicentric matched cohort 
study. Ann Rheum Dis 2020; 79: 1544–49.

55 The RECOVERY collaborative group. Dexamethasone in 
hospitalized patients with COVID-19. N Engl J Med 2021; 
384: 693–704.

56 Keller MJ, Kitsis EA, Arora S, et al. Effect of systemic 
glucocorticoids on mortality or mechanical ventilation in patients 
with COVID-19. J Hosp Med 2020; 15: 489–93.

57 Gianfrancesco M, Hyrich KL, Al-Adely S, et al. Characteristics 
associated with hospitalisation for COVID-19 in people with 
rheumatic disease: data from the COVID-19 Global Rheumatology 
Alliance physician-reported registry. Ann Rheum Dis 2020; 
79: 859–66.

58 Brenner EJ, Ungaro RC, Gearry RB, et al. Corticosteroids, but not 
TNF antagonists, are associated with adverse COVID-19 outcomes 
in patients with inflammatory bowel diseases: results from an 
international registry. Gastroenterology 2020; 159: 481–91.

59 Attauabi M, Seidelin JB, Felding OK, et al. Coronavirus disease 
2019, immune-mediated inflammatory diseases and 
immunosuppressive therapies—a Danish population-based cohort 
study. J Autoimmun 2021; 118: 102613.

60 Strangfeld A, Schäfer M, Gianfrancesco MA, et al. Factors 
associated with COVID-19-related death in people with rheumatic 
diseases: results from the COVID-19 Global Rheumatology 
Alliance physician-reported registry. Ann Rheum Dis 2021; 
80: 930–42.

61 Schäfer M, Strangfeld A, Hyrich KL, et al. Response to: 
Correspondence on factors associated with COVID-19-related death 
in people with rheumatic diseases: results from the COVID-19 
Global Rheumatology Alliance physician reported registry by 
Mulhearn et al. Ann Rheum Dis 2021; published online March 1. 
https://doi.org/10.1136/annrheumdis-2021-220134.

62 Simon D, Tascilar K, Krönke G, et al. Patients with immune-
mediated inflammatory diseases receiving cytokine inhibitors have 
low prevalence of SARS-CoV-2 seroconversion. Nat Commun 2020; 
11: 3774.



www.thelancet.com/rheumatology   Vol 3   October 2021 e735

Review

63 Sparks JA, Wallace ZS, Seet AM, et al. Associations of baseline use 
of biologic or targeted synthetic DMARDs with COVID-19 severity 
in rheumatoid arthritis: Results from the COVID-19 Global 
Rheumatology Alliance physician registry. Ann Rheum Dis 2021; 
published online May 28. https://doi.org/10.1136/
annrheumdis-2021-220418.

64 Jovani V, Calabuig I, Peral-Garrido ML, et al. Incidence of severe 
COVID-19 in a Spanish cohort of 1037 patients with rheumatic 
diseases treated with biologics and JAK-inhibitors. Ann Rheum Dis 
2020; published online June 25. https://doi.org/10.1136/
annrheumdis-2020-218152.

65 D’Antiga L. Coronaviruses and immunosuppressed patients: 
the facts during the third epidemic. Liver Transpl 2020; 26: 832–34.

66 Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet 2020; 395: 1033–34.

67 Salvarani C, Dolci G, Massari M, et al. Effect of tocilizumab vs 
standard care on clinical worsening in patients hospitalized with 
COVID-19 pneumonia: a randomized clinical trial. 
JAMA Intern Med 2021; 181: 24–31.

68 Hermine O, Mariette X, Tharaux PL, et al. Effect of tocilizumab vs 
usual care in adults hospitalized with COVID-19 and moderate or 
severe pneumonia: a randomized clinical trial. JAMA Intern Med 
2021; 181: 32–40.

69 Stone JH, Frigault MJ, Serling-Boyd NJ, et al. Efficacy of 
tocilizumab in patients hospitalized with COVID-19. N Engl J Med 
2020; 383: 2333–44.

70 Cantini F, Niccoli L, Matarrese D, Nicastri E, Stobbione P, Goletti D. 
Baricitinib therapy in COVID-19: A pilot study on safety and clinical 
impact. J Infect 2020; 81: 318–56.

71 Rodriguez-Garcia JL, Sanchez-Nievas G, Arevalo-Serrano J, 
Garcia-Gomez C, Jimenez-Vizuete JM, Martinez-Alfaro E. 
Baricitinib improves respiratory function in patients treated with 
corticosteroids for SARS-CoV-2 pneumonia: an observational cohort 
study. Rheumatology (Oxford) 2021; 60: 399–407.

72 Guimarães PO, Quirk D, Furtado RH, et al. Tofacitinib in patients 
hospitalized with COVID-19 pneumonia. N Engl J Med 2021; 
published online June 16. https://doi.org/10.1056/NEJMoa2101643.

73 Saadoun D, Vieira M, Vautier M, et al. SARS-CoV-2 outbreak in 
immune-mediated inflammatory diseases: the Euro-COVIMID 
multicentre cross-sectional study. Lancet Rheumatol 2021; 3: e481–88.

74 Favalli EG. Tofacitinib’s infectious profile: concerns for clinical 
practice. Lancet Rheumatol 2020; 2: e65–67.

75 Dommasch ED, Abuabara K, Shin DB, Nguyen J, Troxel AB, 
Gelfand JM. The risk of infection and malignancy with tumor 
necrosis factor antagonists in adults with psoriatic disease: 
a systematic review and meta-analysis of randomized controlled 
trials. J Am Acad Dermatol 2011; 64: 1035–50.

76 Mahil SK, Dand N, Mason KJ, et al. Factors associated with 
adverse COVID-19 outcomes in patients with psoriasis-insights 
from a global registry-based study. J Allergy Clin Immunol 2021; 
147: 60–71.

77 Tepasse PR, Hafezi W, Lutz M, et al. Persisting SARS-CoV-2 
viraemia after rituximab therapy: two cases with fatal outcome and 
a review of the literature. Br J Haematol 2020; 190: 185–88.

78 Loarce-Martos J, García-Fernández A, López-Gutiérrez F, et al. 
High rates of severe disease and death due to SARS-CoV-2 infection 
in rheumatic disease patients treated with rituximab: a descriptive 
study. Rheumatol Int 2020; 40: 2015–21.

79 Suárez-Díaz S, Morán-Castaño C, Coto-Hernández R, 
Mozo-Avellaneda L, Suárez-Cuervo C, Caminal-Montero L. 
Mild COVID-19 in ANCA-associated vasculitis treated with 
rituximab. Ann Rheum Dis 2020; 80: e99–99.

80 Guilpain P, Le Bihan C, Foulongne V, et al. Rituximab for 
granulomatosis with polyangiitis in the pandemic of covid-19: lessons 
from a case with severe pneumonia. Ann Rheum Dis 2021; 80: e10.

81 Schulze-Koops H, Krueger K, Vallbracht I, Hasseli R, Skapenko A. 
Increased risk for severe COVID-19 in patients with inflammatory 
rheumatic diseases treated with rituximab. Ann Rheum Dis 2020; 
80: e67.

82 Avouac J, Drumez E, Hachulla E, et al. COVID-19 outcomes in 
patients with inflammatory rheumatic and musculoskeletal diseases 
treated with rituximab: a cohort study. Lancet Rheumatol 2021; 
3: e419–26.

83 Anderson EJ, Rouphael NG, Widge AT, et al. Safety and 
immunogenicity of SARS-CoV-2 mRNA-1273 vaccine in older 
adults. N Engl J Med 2020; 383: 2427–38.

84 Sahin U, Muik A, Derhovanessian E, et al. COVID-19 vaccine 
BNT162b1 elicits human antibody and TH1 T cell responses. Nature 
2020; 586: 594–99.

85 Geisen UM, Berner DK, Tran F, et al. Immunogenicity and safety of 
anti-SARS-CoV-2 mRNA vaccines in patients with chronic 
inflammatory conditions and immunosuppressive therapy in a 
monocentric cohort. Ann Rheum Dis 2021; 0: 1–6.

86 Ruddy JA, Connolly CM, Boyarsky BJ, et al. High antibody response to 
two-dose SARS-CoV-2 messenger RNA vaccination in patients with 
rheumatic and musculoskeletal diseases. Ann Rheum Dis 2021; 
published online May 24. https://doi.org./10.1136/
annrheumdis-2021-220656.

87 Simon D, Tascilar K, Fagni F, et al. SARS-CoV-2 vaccination 
responses in untreated, conventionally treated and anticytokine-
treated patients with immune-mediated inflammatory diseases. 
Ann Rheum Dis 2021; 0: 1–5.

88 Al-Janabi A, Littlewood Z, Griffiths CEM, et al. Antibody responses 
to single-dose SARS-CoV-2 vaccination in patients receiving 
immunomodulators for immune-mediated inflammatory disease. 
Br J Dermatol 2021; published online May 12. https://doi.
org/10.1111/bjd.20479.

89 Deepak P, Kim W, Paley MA, et al. Glucocorticoids and B Cell 
Depleting Agents Substantially Impair Immunogenicity of mRNA 
Vaccines to SARS-CoV-2. medRxiv 2021; published online. 
https://www.medrxiv.org/content/10.1101/2021.04.05.21254656v2.

90 Haberman RH, Herati RS, Simon D, et al. Methotrexate hampers 
immunogenicity to BNT162b2 mRNA COVID-19 vaccine in 
immune-mediated inflammatory disease. Ann Rheum Dis 2021; 
published online May 25 https://doi:10.1136/
annrheumdis-2021-220597.

91 Subesinghe S, Bechman K, Rutherford AI, Goldblatt D, 
Galloway JB. A systematic review and metaanalysis of 
antirheumatic drugs and vaccine immunogenicity in 
rheumatoid arthritis. J Rheumatol 2018; 45: 733–44.

92 Kennedy NA, Lin S, Goodhand JR, et al. Infliximab is associated with 
attenuated immunogenicity to BNT162b2 and ChAdOx1 nCoV-19 
SARS-CoV-2 vaccines in patients with IBD. Gut 2021; published 
online April 26. https://doi.org/10.1136/gutjnl-2021-324789.

93 Alexander JL, Powell N. SARS-CoV-2 vaccination in 
immunosuppressed patients with inflammatory bowel disease: should 
our approach change? Lancet Gastroenterol Hepatol 2021; 6: 528–29.

94 Ramirez GA, Della-Torre E, Moronu L, et al. Correspondence on 
immunogenicity and safety of anti-SARS-CoV-2 mRNA vaccines in 
patients with chronic inflammatory conditions and 
immunosuppressive therapy in a monocentric cohort. 
Ann Rheum Dis 2021; published online May 24. https://doi.
org/10.1136/annrheumdis-2021-220539.

95 Spiera R, Jinich S, Jannat-Khah D. Rituximab, but not other 
antirheumatic therapies, is associated with impaired serological 
response to SARS- CoV-2 vaccination in patients with rheumatic 
diseases. Ann Rheum Dis 2021; published online May 11. https://doi.
org/10.1136/annrheumdis-2021-220604.

96 Simon D, Tascilar K, Schmidt K, et al. Humoral and cellular 
immune responses to SARS-CoV-2 infection and vaccination in 
B cell depleted autoimmune patients. Arthritis Rheumatol 2021; 
published online July 1. https://doi.org/10.1002/art.41914.

97 Bonelli MM, Mrak D, Perkmann T, Haslacher H, Aletaha D. 
SARS-CoV-2 vaccination in rituximab-treated patients: evidence for 
impaired humoral but inducible cellular immune response. 
Ann Rheum Dis 2021; published online May 6. https://doi.
org/10.1136/annrheumdis-2021-220408.

98 Alunno A, Najm A, Machado PM, et al. EULAR points to consider 
on pathophysiology and use of immunomodulatory therapies in 
COVID-19. Ann Rheum Dis 2021; 0: 21.

99 Mikuls TR, Johnson SR, Fraenkel L, et al. American College of 
Rheumatology Guidance for the management of rheumatic disease 
in adult patients during the COVID-19 pandemic: version 2. 
Arthritis Rheumatol 2020; 72: e1–12.

100 National Institute for Health and Care Excellence. COVID-19 rapid 
guideline: rheumatological autoimmune, inflammatory and 
metabolic bone disorders. April 3, 2020. https://www.nice.org.uk/
guidance/ng167 (accessed May 31, 2021).



e736 www.thelancet.com/rheumatology   Vol 3   October 2021

Review

101 Gelfand JM, Armstrong AW, Bell S, et al National psoriasis 
foundation COVID-19 task force guidance for management of 
psoriatic disease during the pandemic: version 2—advances in 
psoriatic disease management, COVID-19 vaccines, and COVID-19 
treatments. J Am Acad Dermatol 2021; 84: 1254–69.

102 Magro F, Rahier JF, Abreu C, et al. Inflammatory bowel disease 
management during the COVID-19 outbreak: the ten do’s and 
don’ts from the ECCO-COVID Taskforce. J Crohn’s Colitis 2020; 
14 (suppl 3): S798–806.

103 Taylor T, Yazdany J, Gianfrancesco MA. The racial/ethnic and 
sociocultural aspects of the pandemic in rheumatology. 
Best Pract Res Clin Rheumatol 2021; 35: 101665.

© 2021 Published by Elsevier Ltd. All rights reserved


