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Purpose of review

Although the literature to date on COVID-19 outcomes in those with immune-mediated inflammatory
disease has been largely reassuring there remain many unanswered questions. These include the impact of
specific medications on outcomes and the antibody response after COVID-19 vaccination.

Recent findings

We summarized the current literature related to COVID-19 outcomes in immune-mediated inflammatory
diseases in rheumatology, gastroenterology, dermatology, and neurology. Overall, we found either no
difference or modest differences in risk for severe COVID-19 for people with immune-mediated diseases
compared with the general population. When considering disease-specific factors, glucocorticoid use and
underlying immune-mediated disease activity were generally associated with worse outcomes. Specific
medications varied in associations: tumor necrosis factor inhibitors generally had lower odds for severe
COVID-19 outcomes, whereas rituximab use generally had higher odds for severe outcomes. We also
detailed the recent reports of antibody response to COVID-19 vaccination in people with immune-mediated
inflammatory diseases.

Summary

Investigations of immune-mediated inflammatory diseases across several organ systems have offered
important insight into the COVID-19 disease course. Overall, these studies have provided reassurance to
patients and clinicians while also identifying groups who may be at higher risk for poor outcomes.
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INTRODUCTION

The novel coronavirus pandemic continues to have
a tremendous impact on our daily life, particularly
in those with immune-mediated disease. This is
because of altered immunity from underlying dis-
ease and immunomodulating medications. The
impact of the pandemic on outcomes has been
described previously but constantly evolving infor-
mation makes regular updates mandatory [1–3].
International collaborative studies, such as the
COVID-19 Global Rheumatology Alliance and
SECURE-IBD have efficiently generated timely data
that has informed the rheumatology community
[4–7,8

&&

,9
&&

].
There is clear relevance to reviewing immune-

mediated diseases across specialities as many thera-
pies are used widely, for example, targeted cytokine
 2021 Wolters Kluwer H
inhibitors and B-cell depletion therapies are used
across rheumatology, dermatology, gastroenterol-
ogy and neurology. With increasingly large datasets
being collected and randomized controlled trials of
many immunosuppressing therapies in coronavirus
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KEY POINTS

� Broadly relevant risk factors, such as age, sex and
comorbidity are important for determining outcomes in
patients with immune-mediated diseases.

� Disease-specific risk factors influencing outcomes
include elevated disease activity and medications, such
as rituximab.

� Many immunomodulating medications reduce the
response to COVID-19 mRNA vaccines and some, such
as rituximab seem to dramatically reduce the response.
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disease 2019 (COVID-19) being completed, we are
building a better picture of both the risks and bene-
fits of immune-mediated therapies [10]. With more
time and information, it is becoming clear that the
risk factors that apply to the general population like
age, sex, and comorbidity are critically important to
outcomes in patients with immune-mediated dis-
ease. Although there are clearly some therapies that
seem to stand out for their increased risk, for exam-
ple, rituximab, the burden of increased risk can be
attributed to risk factors that are widely relevant
across all those in the community [11,12

&&

].
RHEUMATIC DISEASES

Rheumatic diseases are broadly characterized by
autoimmunity, systemic inflammation and fibrosis
– also identified to be prominent features of COVID-
19 even early in the pandemic [13,14]. Throughout
the pandemic, there has been intense interest in re-
purposing immunomodulatory medications, such
as hydroxychloroquine, tocilizumab and baricitinib
as therapies for COVID-19 [10,15,16]. Some rheu-
matic disease manifestations, such as interstitial
lung disease and acquired comorbid conditions,
such as cardiovascular disease may place people
with rheumatic diseases susceptible to infection
and poor outcomes from COVID-19 [11,17]. Thus,
studying the intersection of rheumatic diseases and
COVID-19 has been of intense interest. However,
this also offered challenges as rheumatic diseases are
both uncommon and heterogeneous.

One of the first reports of rheumatic disease and
COVID-19 was a case series mostly consisting of
inflammatory arthritis who seemed to mostly have
a mild disease course [18]. Another case series
showed that most people with systemic lupus eryth-
ematosus (SLE) did not develop COVID-19 and only
a very few had poor outcomes [19]. However, two
comparative studies suggested that rheumatic dis-
ease patients may be at increased risk for mechanical
ventilation compared with general population
 Copyright © 2021 Wolters Kluwe

1040-8711 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
controls [20,21]. Risks for hospitalization and mor-
tality were similar in both of those small studies. In a
large nationwide English study OpenSAFELY, peo-
ple with rheumatoid arthritis (RA), lupus, or psoria-
sis were identified to have a modest but statistically
significantly increased risk for mortality (hazard
ratio 1.19) [11]. However, the identification of these
diseases using administrative codes alone may be
prone to misclassification and the three conditions
are quite heterogeneous. Thus, the associations of
specific rheumatic diseases with COVID-19-related
mortality is not clear. A large study analyzed multi-
ple electronic health records compared people with
rheumatic disease to age-matched and sex-matched
comparators [12

&&

]. This study found that people
with rheumatic diseases were at increased risk for
many poor outcomes including hospitalization,
intensive care unit admission, acute kidney injury
and venous thromboembolism [12

&&

]. Most associ-
ations were attenuated or eliminated after adjust-
ment for comorbidities, suggesting that these
mediated the relationship between rheumatic dis-
eases and poor COVID-19 outcomes.

These studies were mostly performed early in
the pandemic when hospital systems were com-
monly overwhelmed and the clinical benefits of
drugs, such as remdesivir and dexamethasone were
not yet established [22,23]. Two studies showed that
the excess risk of mechanical ventilation and other
poor COVID-19 outcomes improved over calendar
time [24,25]. This suggests that people with rheu-
matic disease may have similar outcomes to the
general population later in the pandemic now with
effective treatments and health system capacity. A
nationwide study in Sweden showed that the excess
relative risk of mortality for RA and other inflam-
matory joint diseases was relatively stable in 2020
compared with earlier years [26]. People with RA or
other inflammatory joint diseases had slightly
higher rates of severe COVID-19 outcomes, such
as hospitalization, ICU admission, and mortality
but these were infrequent and generally not statisti-
cally different than general population comparators
[26]. Another matched comparative study of hospi-
talized patients suggested that severe COVID-19
outcomes were more common in connective tissue
diseases, such as SLE than general population con-
trols; inflammatory arthritis had similar outcomes
to their controls [27]. A meta-analysis reported that
autoimmune disease patients had two-fold odds of
COVID-19 than controls [28]. Overall, the current
literature suggests that rheumatic diseases may
modestly increase risk of severe COVID-19 com-
pared with the general population.

The COVID-19 Global Rheumatology Alliance
(GRA) formed early in the pandemic and allowed
r Health, Inc. All rights reserved.
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physicians to voluntarily enter cases of COVID-19 in
rheumatic patients [4–6]. After an initial, early
descriptive report of 110 patients, the first large
GRA paper with 600 patients investigated risk fac-
tors for hospitalization among rheumatic patients
[29

&

,30]. This verified general population risk factors
for severe COVID-19, such as older age and comor-
bidities [29

&

]. This also showed that baseline use of
glucocorticoids were associated with increased odds
of hospitalization [29

&

]. Importantly, biologic and
targeted synthetic disease-modifying antirheumatic
drugs (DMARDs), particularly tumor necrosis factor
inhibitors (TNFi) were associated with lower odds of
hospitalized COVID-19 compared with no DMARDs
[29

&

]. Other reports also support this finding seen
with TNFi [31]. Similar findings implicating gluco-
corticoids with worse COVID-19 outcomes were
reported in a large single-center study in New York
City [32]. This offered early reassurance to patients
and clinicians that use of these medications were
not clearly associated with poor outcomes.

A more recent, larger GRA study that included
3729 patients showed that higher baseline rheu-
matic disease activity was associated with higher
odds of COVID-19-related mortality [33

&&

,34]. This
study also showed that rituximab and sulfasalazine
were each associated with higher odds of COVID-19-
related mortality than methotrexate monotherapy.
In another French cohort study, rituximab use in
rheumatic diseases was also associated with higher
risk of severe COVID-19 outcomes than rheumatic
diseases not treated with rituximab [35]. These poor
outcomes may be because of prolonged SARS-CoV-2
infection related to B-cell depletion and impaired
antibody response. Some reports have suggested
that immunocompromised patients, particularly
those on rituximab, may be a reservoir for prolonged
SARS-CoV-2 infection that may result in accelerated
viral evolution that has resulted in variants that
could increase virulence and evade vaccination
efforts [36]. Thus, rheumatic patients and other
immunocompromising states are likely to remain
a central player as the pandemic continues to
unfold. Finally, the differences in outcome based
on race and ethnicity seen in the wider population
has also been reflected in the rheumatic disease
population, likely mediated by multiple medical
and nonmedical factors [37].
GASTROENTEROLOGY

In contrast to rheumatic diseases, inflammatory
bowel diseases (IBD), such as Crohn’s disease and
ulcerative colitis have relatively less heterogeneity.
A recent large nationwide population-based
matched retrospective study in Sweden showed that
 Copyright © 2021 Wolters Kluwer H
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IBD patients were significantly more likely to be
hospitalized for COVID-19 than matched compara-
tors [38]. Another nationwide Danish study identi-
fied IBD patients with COVID-19 and compared
with a population-based cohort [39]. This study
found that IBD patients had lower prevalence of
COVID-19 than the general population, offering
reassurance but was limited by small numbers of
IBD patients [39]. In a meta-analysis of 24 studies,
SARS-CoV-2 infection risk in patients with IBD was
similar to the general population [40]. COVID-19
outcomes for IBD patients were worse in ulcerative
colitis compared with Crohn’s disease.

Gastroenterologists formed a physician registry
called Surveillance Epidemiology of Coronavirus
Under Research Exclusion for IBD (SECURE-IBD)
early in the pandemic, which was a model that
the GRA adapted. The initial report in SECURE-
IBD reported higher odds of hospitalization for
COVID-19 in patients on baseline glucocorticoids
and lower odds for IBD patients on TNFi [9

&&

]. A
larger follow-up study reported that thiopurine
monotherapy or in combination was strongly asso-
ciated with severe COVID-19 outcomes compared
with TNFi monotherapy [8

&&

]. This offered further
reassurance to the safety of biologic DMARDs, such
as TNFi as this finding has been observed across
several diseases and organ systems [31]. It is not
currently clear whether these findings are because
of a possible protective effect of TNFi or whether the
findings may be confounded. Trials are underway to
investigate possible efficacy of TNFi for treating
COVID-19 [41,42]. Another large study identified
all people with IBD in the Veterans Affairs Health-
care System and found that vedolizumab and glu-
cocorticoids were associated with severe COVID-19
outcomes [43].

Overall, the experience of IBD during the
COVID-19 has mostly offered reassurance that
patients have at best modestly increased risk for
severe outcomes compared with the general popu-
lation. The outcomes of those on TNFi also provides
reassurance that this class of medication may be
safely continued. Conversely, other medications
used in IBD, such as glucocorticoids, thiopurines,
and vedolizumab may be associated with more
severe COVID-19 outcomes.
DERMATOLOGY

As in rheumatology and gastroenterology, there has
been great interest and concern in the dermatology
community concerning the risk of COVID-19 in
patients with psoriasis, atopic dermatitis, and other
immune-mediated conditions. As in rheumatology,
early concern was informed by findings from the
ealth, Inc. All rights reserved.
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OpenSAFELY population-based study in England,
which reported a 20% higher risk of COVID-19
death among patients with RA, lupus, or psoriasis
(hazard ratio 1.19), a large, heterogeneous group
[11]. Two large cohort studies sought to evaluate
the risk of COVID-19 infection in patients with
psoriasis compared with the general population.
In one study, investigators estimated the incidence
of COVID-19 in patients with psoriasis on systemic
therapies in a previously established large, multi-
center prospective cohort study [44]. Compared
with the general population estimate, the investi-
gators reported a nonstatistical significant trend
toward a higher standard incidence rate for
COVID-19 infection [SIR 1.58, 95% confidence
interval (CI) 0.98–2.41]. Among other limitations,
the number of confirmed infections (n¼21) and
severe outcomes (n¼13 hospitalized, n¼1 death)
was relatively small, which limited the study’s
power to estimate SIRs for infection and outcomes,
such as hospitalization and death. Reassuringly, in a
similar study conducted in a prospective psoriasis
cohort in Italy, investigators found that psoriasis
patients did not have a higher SIR for COVID-19
hospitalization or death [45]. In that study, the
investigators also found no association between
biologic DMARD use and a higher SIR compared
with the general population. However, the number
of infections was similarly small in this Italian
cohort study as in the Spanish cohort study. Both
studies were limited by their reliance on standard-
ized incidence rates, which may not account for
other potential confounders of the association of
psoriasis with COVID-19 risk and outcomes.

In addition to prospective cohort studies, two
physician-reported registries were established early
on by the dermatology community. The design of
SECURE-AD (atopic dermatitis) and PsoProtect (pso-
riasis) are similar to the SECURE-IBD and GRA reg-
istries previously discussed. The findings from the
SECURE-AD registry will be particularly interesting
because of the unique treatments used in atopic
dermatitis compared with those used in psoriasis,
IBD and rheumatic diseases. At the time of this
publication, results from SECURE-AD have not yet
been published. In contrast, results from the first
374 patients in the physician-reported PsoProtect
registry confirmed several observations reported by
the GRA and SECURE-IBD registries [46

&

]. First, sim-
ilar risk factors for worse disease were observed in
the psoriasis population as in the general popula-
tion, including older age, male sex, nonwhite eth-
nicity and comorbid lung disease. Second, patients
who used biologic therapies had a 65% lower risk of
hospitalization compared with those using nonbio-
logic therapies.
 Copyright © 2021 Wolters Kluwe
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Observed differences in outcomes according to
DMARD use in SECURE-IBD prompted the investi-
gators to explore factors that may contribute to
differences in outcomes according to treatment.
In an analysis of 1626 patients who reported their
experiences during the pandemic to a patient-facing
psoriasis registry, patients on biologic treatments
were 39% more likely than those on nonbiologic
DMARDs to practice shielding (OR 1.39, 95% CI
1.23–1.56) [47]. These findings highlight the cau-
tion with which one should interpret estimates of
the risk of COVID-19 in patients on various
DMARDs as shielding practices may have differed
between users of different treatments.
NEUROLOGY

Multiple sclerosis, myasthenia gravis and other neu-
rological diseases, such as autoimmune encephalitis
are all managed with immunosuppression, so, neu-
rology faces similar challenges to rheumatology,
dermatology and gastroenterology. To add a com-
plicating factor, it has become evident that COVID-
19 infection has numerous neurological manifesta-
tions [48].

French data in 347 multiple sclerosis patients
demonstrated male gender, comorbidities and
higher disability as measured by the Expanded Dis-
ability Severity Scale score (EDSS) were associated
with worse COVID-19 outcome measured with a 7-
point ordinal scale [49]. Of broader interest in the
context of the hyper-inflammation of COVID-19, a
higher proportion of multiple sclerosis patients not
on disease-modifying therapy (DMT, 46%) devel-
oped severe COVID-19 compared with those taking
DMT (16%) [10]. In univariate analysis, DMT thera-
pies were protective of poorer outcomes but this
finding was not evident in the multivariate model,
noting the limitation of small numbers in this
analysis.

B-cell-depleting agents are potentially a risk for
poorer outcomes based on patients with rheumatic
disease. There were 51 suspected or confirmed cases
of COVID-19 found in the B-cell-depleting agent
ocrelizumab multiple sclerosis clinical trials up until
the end of July 2020 [50]. Disease severity was
asymptomatic, mild or moderate in 68.6% and
severe in 19.6%, with 6% dying and 6% outcome
data missing. Of the total group, 31.4% were hospi-
talized. In the manufacturer postmarketing surveil-
lance safety database, there were 307 postmarketing
cases of COVID-19 with 86% (n¼263) confirmed
and 14% suspected [50]. Of those 33% were hospi-
talized and 47% had asymptomatic, mild or moder-
ate disease, with 6% dying.
r Health, Inc. All rights reserved.
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As of mid-July 2020 in the OPTUM COVID-19
database there were 357 multiple sclerosis patients
with confirmed COVID-19 [50]. There were 48 of
these patients treated with ocrelizumab and 309 not
treated with ocrelizumab. The outcomes were simi-
lar between the two groups with 76% and 75%
hospitalized in the non-ocrelizumab and ocrelizu-
mab groups, respectively. There were 1.6 and 2.1%
who received invasive ventilation in the non-ocre-
lizumab and ocrelizumab groups, respectively.
Finally 3.9 and 2.1% died in the non-ocrelizumab
and ocrelizumab groups, respectively.

There have been other small case series pub-
lished on other neurological diseases, such as myas-
thenia gravis where older patients made up 75% of
the deaths again supporting the premise that widely
relevant risk factors remain critical in disease sub-
groups we worry about [51]. In summary, the small
size of the reported cohorts limits the conclusions
that can be drawn but specific therapies, such as B-
cell-depleting therapies remain a concern, but not to
the exclusion of the broadly relevant demographic
and comorbidity risk factors.
VACCINE EFFICACY

The quick development of well tolerated and effec-
tive COVID-19 vaccines has not only been a tremen-
dous scientific advance during the pandemic but
also raises important questions about the efficacy of
vaccination in patients with immune-mediated dis-
eases, especially those on immunomodulation. Pre-
vious studies have established that several DMARD
classes may be associated with a less robust immune
response to vaccines for influenza, pneumococcus
and other infections [52]. Unfortunately, patients
with immune-mediated inflammatory conditions
and those on immunomodulation were generally
excluded from the initial COVID-19 vaccination
trials leaving providers and patients with little guid-
ance on how or when to vaccinate patients on
DMARDs. Several reports have not only described
a potentially dampened antibody response to SARS-
CoV-2 mRNA vaccines among DMARD users but
also highlight that the response likely varies across
DMARD classes [53,54

&&

,55].
In the largest study to date, 133 adults with

autoimmune diseases, including IBD (31.6%), RA
(28.6%), spondyloarthritis (15%) and lupus (11%)
were included [54

&&

]. Though the antibody response
to two doses of SARS-CoV-2 mRNA vaccines was
robust among many with autoimmune diseases, it
was three-fold lower than the response observed in
healthy controls. Similar reductions were observed in
the neutralization activity of SARS-CoV-2 antibodies.
In particular, glucocorticoid users, Janus Kinase
 Copyright © 2021 Wolters Kluwer H
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inhibitor users, antimetabolite users and especially
those with recent B-cell-depleting therapy exposure
had significant reductions in antibody responses.
Reductions in the antibody response among patients
using TNF inhibitors were more modest.

Similar observations were made in a study of 123
patients with rheumatic diseases, including inflam-
matory arthritis (28%), lupus (20%) and Sjogren’s
syndrome (13%) [53]. Though 74% of patients had a
detectable antibody response, a median of 22 days
after the first dose of an mRNA vaccine, antibody
responses were variable across DMARD classes. For
instance, while nearly all TNFi users (n¼16 of 17)
and methotrexate users (n¼10 of 13) had an anti-
body response, rituximab (n¼2 of 6) and mycophe-
nolate mofetil (n¼3 of 11) users less often had an
antibody response. The sample size of this study was
small, limiting conclusions that can be drawn, espe-
cially as the response was assessed only after the
first dose.

A report from a cohort of patients with a history
of solid organ transplantation on medications com-
monly used (e.g. glucocorticoids, azathioprine,
mycophenolate) described poor vaccine efficacy
after the first dose of an mRNA vaccine [55]. Nota-
bly, those on mycophenolate mofetil, mycophe-
nolic acid or azathioprine had a particularly poor
response to the vaccine with only 9% mounting an
antibody response following the first dose. Caution
is needed whenever interpreting these data; how-
ever, as the generalizability of these findings to
those with immune-mediated conditions is unclear
and the immune response was only assessed follow-
ing the first dose of the mRNA vaccine series, which
typically includes two doses.

Additional studies are urgently needed to better
define the efficacy of mRNA and other vaccines in
each DMARD class, across different vaccine classes,
the durability of the antibody response, the T-cell
response to vaccination in this population, and the
appropriate timing of vaccination in relation to
DMARD use.
CONCLUSION

Patients with immune-mediated inflammatory dis-
ease have offered important insight into the COVID-
19 disease course. Findings have generally suggested
either no or modest differences in severity of
COVID-19, which provides reassurance to patients
and clinicians. However, subgroups of patients may
be susceptible to poor outcomes, in particular,
patients on rituximab as well as those requiring
glucocorticoids because of elevated underlying dis-
ease activity. Some evidence suggests that immuno-
compromised patients may have prolonged viral
ealth, Inc. All rights reserved.
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infection that may result in viral evolution resulting
in SARS-CoV-2 variants. COVID-19 vaccinations
offer the possibility to protect immune-mediated
inflammatory disease patients. However, the under-
lying altered immunity and immunomodulator use
may blunt vaccine response.
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