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COVID-19 in people with rheumatic
diseases: risks, outcomes, treatment

Rebecca Grainger', Alfred H. J. Kim
and Philip C. Robinson®°°>

Cases of what would later be named COVID-19 were
identified in December 2019. The sequence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was available shortly afterwards, and the health-system
and public-health responses have been a global focus
for the past 2 years. Although several effective thera-
peutics have been identified, vaccines hold the greatest
promise for effective management of the pandemic.
The rapid development and deployment of highly effec-
tive vaccines against SARS-CoV-2 has been one of the
greatest scientific achievements of our time'.

At the beginning of the COVID-19 pandemic, it was
not known whether people with rheumatic disease
(autoimmune and/or inflammatory disease affecting
joints and/or muscles) would be at a higher risk of poor
outcomes than the general population. Immunological
alteration as a direct result of rheumatic disease or an
indirect effect of treatment has the potential to contribute
to poor COVID-19 outcomes®. Although vaccination
against SARS-CoV-2 reduces symptomatic COVID-19
infection rates and poor outcomes in the general popu-
lation, vaccination has additional considerations for
people with rheumatic disease, including sub-optimal
vaccine responses that reduce seroconversion rates, and
rheumatic-disease flare®*. Notably, clinical develop-
ment and phase III efficacy trials for SARS-CoV-2 vac-
cines did not include people with rheumatic disease”.
Therefore, initial vaccination recommendations were
based on first principles or extrapolated from experience
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Abstract | The COVID-19 pandemic has brought challenges for people with rheumatic disease

in addition to those faced by the general population, including concerns about higher risks of
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and poor outcomes
of COVID-19. The data that are now available suggest that rheumatic disease is associated with

a small additional risk of SARS-CoV-2 infection, and that outcomes of COVID-19 are primarily
influenced by comorbidities and particular disease states or treatments. Despite considerable
advances in our knowledge of which therapeutic agents provide benefits in COVID-19, and of
what constitutes effective vaccination strategies, the specific considerations that apply to people
with rheumatic disease are yet to be definitively addressed. An overview of the most important
COVID-19 studies to date that relate to people with rheumatic disease can contribute to our
understanding of the clinical-care requirements of this population.

with vaccinations against diseases such as influenza.
In the second year of the pandemic, multiple research
efforts have begun to fill the data deficit. In this arti-
cle, we provide an overview of the COVID-19 research
findings that have the greatest relevance to people with
rheumatic disease. We describe the risks of SARS-CoV-2
infection, the outcomes of COVID-19 (including factors
associated with poor outcomes) and the management
of COVID-19, and provide an overview of relevant
vaccination strategies and considerations.

SARS-CoV-2 infection
Upon SARS-CoV-2 infection, initial COVID-19 dis-
ease is caused by intracellular viral replication and
virus-mediated cell death with associated immunologi-
cal host responses. Infected individuals are generally
either asymptomatic or have mild symptoms, such as
headache, fever, fatigue and sore throat. A small pro-
portion of those who are infected progress to severe
illness resulting from a pathogenic host response with
a hyperinflammatory state and multi-organ damage®’.
SARS-CoV-2 is transmitted from person to person
via the aerosol and droplet routes®. Maternal-to-fetal
in utero transmission and fomite-based transmission
might also occur, but are probably rare®. Susceptibility
to SARS-CoV-2 infection is influenced by viral, host and
environmental factors®. Age seems to be the most impor-
tant determinant of host infection risk, possibly reflect-
ing age-related variation in respiratory tract expression
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Key points

* People with immune or inflammatory rheumatic disease might have a higher risk of
infection with SARS-CoV-2 after exposure than the general population, although the
additional risk is probably small.

* Risk of poor COVID-19 outcomes in patients with rheumatic disease seems to
be mediated by the presence of comorbidities, treatment with glucocorticoids
or rituximab, and high disease activity.

* People with immune or inflammatory rheumatic disease who experience mild
COVID-19 symptoms should stop taking immunomodulating medications for
1-3 weeks from the onset of disease.

* People with rheumatic disease with positive SARS-CoV-2 test results or mild
COVID-19 symptoms and risk factors for poor outcomes should stop taking
immunomodulating medications and consider treatment with antiviral medications.

* Most patients with treated rheumatic disease generate antibody responses to
SARS-CoV-2 vaccines, but medications such as B cell-depleting therapies and
mycophenolate confer a high risk of poor responses.

* People with immune or inflammatory rheumatic disease are strongly recommended
to receive SARS-CoV-2 vaccination, including booster doses if recommended, despite
some evidence of a diminished response in particular groups.

Seroconversion

Changing from seronegativity
to anti-SARS-CoV-2

antibodies to seropositivity

to anti-SARS-CoV-2 antibodies.

Superspreading events
Events where a disease is
spread more than usual.

of angiotensin-converting enzyme 2 receptor, a cellular
receptor for SARS-CoV-2 binding”'. Environmental
conditions, including poor ventilation and overcrowd-
ing, are risks for high viral infection rates'"'?, and their
possible contribution to superspreading events is a par-
ticular concern'"". Practical steps that can reduce infec-
tion risk include the avoidance of locations where such
conditions occur, maintenance of social and/or physi-
cal distancing, appropriate hand hygiene and the use
of face masks'’. These measures are also key elements
for people with rheumatic disease to reduce their risk
of infection. In addition to such general considerations,
it is important to understand whether any additional
risk of SARS-CoV-2 infection is specifically conferred
by rheumatic disease or its treatments.

Several studies have produced comparative SARS-
CoV-2 infection rates for individuals with rheumatic
disease and for the general population. In an early study
from Wuhan in China, a worryingly high relative risk of
infection was observed for people with rheumatic dis-
ease compared with the general population (OR 10.90;
95% CI 5.43-21.89)". Notably, however, this analysis was
based on a low number of people with rheumatic disease
and COVID-19 diagnoses, resulting in a wide confidence
interval. In a multicentre study of individuals in Hubei
province in China, in households with a confirmed diag-
nosis of COVID-19, the rate of infection among family
members with rheumatic disease was higher than that
among family members without rheumatic disease
(OR2.68; 95% CI 1.14-6.27)"°. In a large, retrospective,
hospital-based, multicentre study conducted in Spain
during the first wave of SARS-CoV-2 infection in 2020,
people with rheumatic disease had a 30% higher risk
of infection than the wider population. Similarly, in a
cohort study from South Korea, the risk of SARS-CoV-2
infection in patients with rheumatic disease was
higher than in matched individuals without rheum-
atic disease (adjusted OR 1.19; 95% CI 1.03-1.40)'%.
By contrast, in population-based cohort studies from
Korea and Italy, no definite increase was observed in the
risk of SARS-CoV-2 infection for people with rheumatic

disease'**". The interpretation of these data is compli-
cated by potential confounding resulting from the effects
of comorbidities, medication, rheumatic-disease activity
and health behaviours in this group.

The risks of SARS-CoV-2 infection have been exam-
ined in specific rheumatic diseases. In a case-control
study from Italy, the estimated risk of infection was 64%
higher for people with rheumatoid arthritis (RA) than
for the general population, but there was no increase
in the risk for people with connective tissue disease
(CTD)*. Analysis of the UK Biobank dataset of nearly
half a million people found that individuals with gout
had a risk of infection that was no higher than those
without gout, whereas those with RA had a point
estimate of 34% higher risk than those without RA*.
Similarly, in a study of 33,886 people with RA in the US
Veterans Affairs system, the risk of COVID-19 diagnosis
was 25% higher than in 33,886 people without RA*. The
heterogeneity in these results might reflect differences
in study design or in SARS-CoV-2 testing rates, which
are influenced by multiple personal and health-system
factors. Further data on risk in rheumatic-disease sub-
sets is becoming available, and more information of this
nature will, over time, help to provide a more granular
picture***.

In summary, the available evidence (mostly from
retrospective analyses) indicates that there might be
a small elevation of the risk of SARS-CoV-2 infec-
tion in people with rheumatic disease, with the caveat
that these data have inherent limitations. Notably, in
a meta-analysis of the 23 studies published up until
mid-February 2021 that reported SARS-CoV-2 infection
rates in people with rheumatic disease, the relative risk
compared with the general population was 1.52 (95% CI
1.16-2.00)*. Regardless of the risk of infection, it is also
important to know whether people with rheumatic
disease have worse outcomes from COVID-19.

COVID-19 outcomes in rheumatic disease

For many people, COVID-19 is a self-limiting viral
illness. However, severe COVID-19 can cause pneumo-
nitis, acute respiratory distress syndrome, renal failure,
thrombotic complications, cytokine storm”, multi-organ
failure and death®. Overall, infection fatality rates range
from 0.5 to 2.7%, and they are influenced by the presence
of risk factors for poor outcomes. Non-rheumatic disease
factors can affect the risk of death from COVID-19 in
people with rheumatic disease”*. Therefore, studies
in which the methods adjust for confounding factors
that might influence COVID-19 outcomes are the most
informative. The limitations of many studies in this
rapidly moving field also mean that we must interpret
data cautiously.

Many of the large population-based or health-system-
based studies conducted to date have reported point
estimates suggesting elevation of the risk of COVID-19
hospitalization or death in people with rheumatic dis-
ease (TABLE 1). In a large Danish population-based study
of 11,122 individuals with SARS-CoV-2 infection con-
firmed by PCR in early 2020, people with RA or CTD
had higher odds of hospitalization or death than those
without these conditions, using an unadjusted model*".
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However, with adjustment for age, sex and comor-
bidities, there were no higher odds of these poor out-
comes’'. In a subsequent Danish data-linking study for
a 6-month period from March 2020, the risk of hospi-
talization with COVID-19 was 46% higher for people
with rheumatic disease than for the general population,
but, using a fully adjusted model, only people with RA
still had an elevated risk of a severe outcome (HR 1.72;
95% CI 1.29-2.30)*. In a study of 17 million adults in
the UK primary care database OpenSAFELY, the risks
of COVID-19-associated death for the combined group of
people with RA, systemic lupus erythematosus (SLE) or
psoriasis were slightly higher than for the general popu-
lation™. Similarly, in the UK Biobank study, compared
with unaffected individuals, the risk of COVID-19-
associated death was elevated for people with RA, but not
for those with gout™. In an analysis of >31,000 adults in a
US electronic medical-record database (TriNetX), eleva-
tion of the risk for COVID-19 death was not significant
(OR1.17; 95% CI 0.85-1.60) for people with rheumatic
disease’’. Among >30,000 patients with RA and the same
number of matched comparators from the US Veterans
Affairs health-care system, the risk of hospitalization or
death was higher for patients with RA (HR 1.35; 95%
CI 1.10-1.66)*. In other, smaller, comparative cohort
studies, estimates of the risks of poor outcomes have
varied. A small, but well-conducted US-based cohort
study of 143 people with rheumatic disease and 688
matched comparators reported hazard ratios of 0.87
(95% CI 0.68-1.11) for hospitalization, 1.27 (95% CI
0.86-1.86) for intensive-care unit (ICU) admission, 1.51
(95% CI 0.93-2.44) for mechanical ventilation and 1.02
(95% CI 0.53-1.95) for death™. By contrast, in a US-based
multicentre comparative cohort study that also used the
TriNetX dataset, researchers reported an increased risk of

hospitalization (relative risk (RR) 1.14; 95% CI 1.03-1.26)
and ICU admission (RR 1.32;95% CI 1.03-1.68), but not
mechanical ventilation (RR 1.05; 95% CI 0.77-1.44) or
death (RR1.08; 95% CI 0.81-1.44) for people with rheum-
atic disease compared with matched comparators™.
When the model was expanded to incorporate comorbid-
ities and health-care utilization, the risks were attenuated.
In a South Korean study involving 8,297 patients with
autoimmune inflammatory rheumatic diseases, the risk
of COVID-19-related death was greater than in a matched
cohort without rheumatic disease (adjusted OR1.69;
95% CI 1.01-2.84)'%, A similar risk of death (OR 1.74;
95% CI 1.08-2.79) was identified in a meta-analysis of
13 studies published up to mid-February 2021, whereas
the risks of hospitalization (OR 1.25; 95% CI 0.68-2.31),
ICU admission (OR1.16; 95% CI 0.62-2.18) and
mechanical ventilation (OR 1.58; 95% CI 0.88-2.84) were
not significantly different in individuals with and those
without rheumatic and musculoskeletal diseases (RMDs),
although point estimates all showed the same direction of
effect®®. Overall, the results of the individual studies, sup-
ported by the meta-analysis, indicate that compared with
the general population, people with rheumatic disease are
at an increased risk of hospitalization, and potentially of
other severe outcomes of COVID-19, with some of the
risk being attributable to comorbidities. The high inci-
dence among people with rheumatic disease of comorbid-
ities that are known to be associated with poor outcomes
of COVID-19 indicates that a detailed focus on the influ-
ence of these factors is essential. The COVID-19 Global
Rheumatology Alliance (C19-GRA) physician-reported
registry of people with rheumatic disease and COVID-19
was launched at the beginning of the pandemic, and has
provided further insights into COVID-19 outcomes for
people with rheumatic disease” .

Table 1| Reports of COVID-19 hospitalization or death risks in people with rheumatic disease

Study
location
Denmark

positive, 13,498 negative)
Denmark
South Korea

(8,297)
UK

(878,475)
UK RA (5,409), gout (13,105)
USA Rheumatic disease (681)
USA Rheumatic disease (143)
USA

COVID-19 (2,379)
USA RA (33,886)

Rheumatic disease population (n)
RA, CTD with PCR test (348 SARS-CoV-2

RA, spondyloarthritis, CTD, vasculitis (58,052)
Inflammatory arthritis, CTD with PCR test

RA, systemic lupus erythematosus, psoriasis

Autoimmune rheumatic disease and

(133,609)°

population (31,461)°

Matched individuals with

rheumatic disease (2,379)°

Individuals without RA (33,886)°

Comparator population (n)
General population with PCR test
(11,122 positive, 410,697 negative)®
General population (~4.5 million)®

General population with PCR test
General population (17,278,392)°

General population (473,139)°

COVID-19-positive general

Patients from same hospital
without rheumatic disease (688)°

COVID-19 without autoimmune

Hospitalization?; Death?; OR/ Ref.

OR/HR/RR (95% CI) HR (95% Cl)

OR1.5(1.1-1.9) OR 1.1 (0.8-1.6) 22

HR 1.46 (1.15-1.86) NR 5z

NR OR 1.69 LS
(1.01-2.84)

NR HR 1.19 3
(1.11-1.27)

NR RAOR 1.9 2
(1.2-3.0), gout
OR 1.2 (0.8-1.7)

NR OR1.17 2
(0.85-1.60)

OR0.87(0.68-1.11) OR1.02 2
(0.53-1.95)

RR 1.14 (1.03-1.26) RR 1.08 3
(0.81-1.44)

HR 1.35 (1.10-1.66) for hospitalization 2

or death

CTD, connective tissue disease; NR, not reported; RA, rheumatoid arthritis. *HR and OR reported are from models including adjustment for the largest number
or type of possible confounders. "Comparator population included the rheumatic disease population. “Comparator population was separate from the rheumatic

disease population.
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Table 2 | Studies from the COVID-19 Global Rheumatology Alliance reporting outcomes in patients with rheumatic disease

Conditions included

Any rheumatic disease

Any rheumatic disease

Any rheumatic disease

Rheumatoid arthritis

Pregnant women with
any rheumatic disease

Any rheumatic
disease, inflammatory
bowel disease, skin
psoriasis

Age, comorbidities and glucocorticoid dose associated with
hospitalization; no clear increased risk from anti-rheumatic

Age, comorbidities, rituximab, sulfasalazine, glucocorticoid use
and disease activity associated with COVID-19-related death

African American patients, Latinx patients and Asian patients
had higher odds of hospitalization and ventilatory support than

Date of data n Main outcome of Key findings
accumulation interest
20 April 2020 600 COVID-19

hospitalization

treatment

1 July 2020 3,729 COVID-19 related

death
26 August 2020 1,324 COVID-19

hospitalization,

ventilation or death white patients
12 April 2021 2,869 COVID-19 outcome

Use of Janus kinase inhibitors or rituximab more likely to be

Ref.

40

41

24

assessed on WHO
ordinal scale

COVID-19 outcomes
and pregnancy
outcomes

COVID-19
hospitalization
and death

14 January 2021 39

1 February 2021 6,077

Two women were hospitalized and required supplemental
oxygen, with no maternal deaths; 19 of 21 with recorded
pregnancy outcomes had live births

TNF inhibition plus azathioprine or 6-mercaptopurine,
azathioprine or 6-mercaptopurine monotherapy, methotrexate
monotherapy or Janus kinase inhibition associated with higher

associated with poor outcomes than TNF inhibitors

risk of poor outcomes than TNF inhibition alone

The C19-GRA registry now has >20,000 records
from individuals in 81 countries, each of which has
detailed demographic and clinical data about the rheum-
atic disease, its treatments and the COVID-19 disease
course’**. Among the first 600 records (up to April
2020), 277 individuals (46%) were hospitalized®, and
among 3,729 reports to the end of June 2020, there were
390 deaths (10.5%)*'. Although voluntary reporting
registries are not appropriate for estimation of rates of
poor outcomes, because of selection and other biases,
the strength of this dataset is the large number of reports,
compiled from many countries, providing an opportu-
nity to evaluate risk of poor outcomes in people with
rheumatic disease. This broad reach of the C19-GRA
is a strength in terms of external validity, but also a
potential limitation in application of the results to any
individual country or setting; the C19-GRA collects data
from countries that vary greatly in terms of ethnicity,
socioeconomic conditions and health-care systems.

In the analysis of the cohort of 3,729 patients with
rheumatic disease recorded in the C19-GRA registry up
to June 2020 (1,105 (29.6%) from North America and
2,315 (62%) from Europe) in which COVID-19-related
death was the outcome, the risk of death was associated
with age, comorbidity and glucocorticoid use (=10 mg
prednisone-equivalent daily)*' (TABLE 2). Similar fac-
tors were identified as being associated with risk of
hospitalization in the analysis of the first 600 records™.
Rheumatic-disease factors that were associated with the
risk of death included disease activity, rituximab use
and sulfasalazine use’'. The results of a post hoc analy-
sis suggested that the association of glucocorticoid use
with the risk of death might be the result of confound-
ing by indication, and that underlying disease activity
was influencing the risk of COVID-19-related death*’.
An alternative explanation is that use of glucocorticoids
during the initial viral-replication stage of COVID-19
might be harmful, and this idea is supported by the
observation in the RECOVERY trial of a trend towards

poor outcomes in people who did not require oxygen
and were treated with dexamethasone***.

Four further studies from the C19-GRA have pro-
vided important additional information. The first was
an examination of outcomes by ethnicity in patients
with rheumatic disease in the USA up to August 2020
(REF*). African American, Latinx and Asian patients all
had higher odds of requiring ventilatory support and
of hospitalization for COVID-19 than white patients.
Similarly, data from the general population have identi-
fied poor outcomes in many non-white groups*®, and
these findings reinforce the need for rheumatologists
to advocate for access to care for patient groups that
experience inequitable health outcomes. In the second
study, C19-GRA researchers examined the risk of poor
outcomes and the influence of the use of targeted syn-
thetic DMARDs and biologic DMARDs (bDMARDs)
in a cohort of individuals with RA in the C19-GRA
registry”’. Patients with RA who were receiving a Janus
kinase (JAK) inhibitor or rituximab prior to the onset
of COVID-19 had higher odds of poor outcomes than
those who were receiving TNF-inhibitor therapy. One
possible explanation for this result is that, like gluco-
corticoids, JAK inhibitors in COVID-19 might have
divergent effects, depending on the underlying disease,
although this idea has not yet been confirmed*-***°. The
association of the use of rituximab with poor outcomes
was not unexpected, as it was similar to the findings in
the main cohort study*'. Here, however, the magnitude
of the risk elevation was better defined, and relative to
the use of TNF inhibitors, the risk of poor COVID-19
outcomes (combined end point of hospitalization, ven-
tilatory support or death) with rituximab treatment
was clear (OR4.15; 95% CI 3.16-5.44)*. Rituximab is a
B cell-depleting therapy (BCDT), and BCDTs are also
associated with poor outcomes for COVID-19 in people
with conditions other than rheumatic diseases™. In the
third study, researchers reported generally favoura-
ble pregnancy outcomes in 39 women with rheumatic
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disease who had COVID-19 whilst pregnant®. The
fourth study contained an analysis of pooled data from
the C19-GRA registry and from international regis-
tries for people with COVID-19 and inflammatory
bowel disease or skin psoriasis, to examine outcomes
for people receiving treatment with TNF inhibitors™.
In >6,000 patients with COVID-19 from 74 coun-
tries, the risks of hospitalization or death were higher
for those who received TNF inhibitors in combination
with azathioprine or 6-mercaptopurine, or who received
azathioprine or 6-mercaptopurine monotherapy, meth-
otrexate monotherapy or JAK inhibitor monotherapy
than for the patients who received only TNF inhibitors.
The implication of these results is that in people with
a range of immune-mediated inflammatory diseases,
TNF inhibitor monotherapy might confer some benefit
with respect to COVID-19 outcomes, and this possibil-
ity is currently being further explored in intervention
studies of the use of TNF inhibitors to treat COVID-19
(REF*). These examples demonstrate that the C19-GRA
registry has provided useful insights to inform people
with rheumatic disease and their health-care providers
during the COVID-19 pandemic.

Overall, the available data suggest that the use of
many conventional synthetic DMARDs and bDMARDs
does not confer increased risk of poor outcomes in
COVID-19, which is consistent with the recommen-
dations from the ACR and EULAR to continue current
treatment with these agents in the absence of known
exposure to SARS-CoV-2 in order to maintain good dis-
ease control’**. However, there are some notable excep-
tions such as rituximab®>”’, for which the risk of poor
outcomes is becoming increasingly apparent. The issue
of rituximab use is challenging, because the risk of poor
outcomes from COVID-19 must be considered against
the severity of the rheumatic disease that is being treated.
Rituximab is most commonly used for treatment of dis-
eases such as vasculitis, where the alternative (which is
often cyclophosphamide) is likely to carry a similar risk
of poor outcomes, although because of the relatively
infrequent use of cyclophosphamide this possibility has
not been well examined.

The practical application of data relating to COVID-19
in the care of people with rheumatic disease is summa-
rized in clinical guidance from ACR and EULAR™.
People with rheumatic disease should follow recommen-
dations for the general population for reduction of
exposure to SARS-CoV-2, and should consult with
their rheumatologists to make individualized decisions
about rheumatic-disease treatment. Although people
with rheumatic disease seem to have some increased
risk of poor outcomes from COVID-19 compared with
the general population, much of this risk might be the
result of the unmodifiable burden of comorbid condi-
tions, with additional risk from some treatments and
from active rheumatic disease. It would seem prudent
to minimize glucocorticoid use where possible, whilst
also maintaining the lowest possible disease activity.
If a person with rheumatic disease develops COVID-19,
active management of the COVID-19 and the rheumatic
disease will need to be addressed, with the approaches
summarized in the following section.

Management of COVID-19

The management of COVID-19 in people with rheum-
atic disease should be predicated on whether the patient
is in the early, viral replication phase or the late, hyperin-
flammatory phase (FIC. | and TABLE 3). Treatments that
target viral binding or replication are generally expected
to have the greatest effect early in the disease, whereas
immunomodulating therapies have a role in later dis-
ease. The NIH COVID-19 Guidelines have described the
clinical spectrum of SARS-CoV-2 infection severity
that guides treatment (BOX 1). In addition to illness
severity, the NIH COVID-19 Treatment Guidelines
Panel recommends tailoring therapeutic management
to the patient’s physical location (ambulatory or hos-
pitalized)**. Notably, in people who are substantially
immunosuppressed, the viral-replication phase can
be prolonged, and instances of variant evolution have
been described™ . Therefore, treatment recommen-
dations outlined for the general population often need
to be customized for high-risk patients with rheumatic
diseases. The management of COVID-19 in people
with rheumatic disease should therefore be based on
the known risk factors for poor outcomes, such as age
>65 years and the presence of comorbidities, the degree
of immunosuppression, clinical severity of COVID-19
and location of care provision. Rheumatology services
will need to proactively ensure that health-care systems
have monitoring in place for patients with rheumatic
disease who have one or more of these characteristics,
and that patients know to seek further medical advice
early with any deterioration, particularly increased
dyspnoea.

Management of outpatients. During the early, viral-
replication phase, most people with rheumatic disease
and mild symptoms can be observed with appropriate
simple self-care, particularly if they are on minimal
immunosuppression and do not have major comor-
bidities. The ACR recommends temporarily stopping
most immunosuppressive medications in people with
COVID-19 for 7-14 days after symptom resolution
or 10-17 days after a positive SARS-CoV-2 test®"*.
EULAR recommends an individualized approach to
rheumatic-disease medication use in infected people™.
In the general population, 100% of infected people have
produced anti-SARS-CoV-2 antibodies within 19 days
of infection®; thus, prolonged holding of medication in
people who are recovering does not seem justified.

In patients with rheumatic disease who are at a risk
of clinical deterioration, monoclonal antibodies target-
ing virus receptor-binding domains or viral replication
can be considered early in the disease, usually in the
first 10 days after the onset of symptoms. Neutralizing
monoclonal-antibody therapy directed at the spike
binding-protein components of SARS-CoV-2 can reduce
COVID-19 progression in outpatients® . Although
clinical trials to date have not included large numbers
of people with rheumatic disease or who were receiving
immunocompromising medication, this antiviral strat-
egy would theoretically remain effective in these clini-
cal settings. Several oral antiviral therapies are available
for use, including molnupiravir and ritonavir-boosted
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Prior to symptomatic or confirmed asymptomatic infection

¢ Follow local public-health infection
prevention guidance

Vaccination

¢ Follow local guidelines

* Follow updated guidance on the management
of immunosuppressive medication use around
COVID-19 vaccination, which may include
temporarily stopping medications

¢ In patients receiving B cell-depleting therapy,
carefully plan vaccination to be =6 months after
previous treatment dose

e Consider third mRNA vaccine dose as part of
primary series, 28 days after routine primary
(two-dose) course

¢ Additional vaccine dose(s) in those not expected
to mount an adequate response should be
considered (refer to local up-to-date guidelines
for specifics)

Mild COVID-19

Actions
* Supportive care

e Withhold immunomodulatory medication (ACR
recommends for 7-14 days after symptom resolution
or 10-17 days after a positive SARS-CoV-2 test)

¢ Consider medication to reduce viral replication
(such as oral antivirals (nirmatrelvir/ritonavir,
molnupiravir), mAbs, remdesivir, and/or combinations,
as per local health-service guidelines), especially in
patients previously receiving B cell-depleting therapies
or immunosuppressive medications

* Maintain rheumatic-disease control

* Do not stop medication; optimize DMARDs,
minimize glucocorticoids, consider necessity
for treatment with B cell-depleting therapy in
non-organ-/non-life-threatening conditions

* Consider pre-exposure prophylaxis with mAbs
in those who mount sub-optimal responses to
vaccines

* Consider post-exposure prophylaxis with mAbs
in those who are at a risk of poor outcomes and
have a known high-risk exposure

A\
I ¢
ﬁ@(

Moderate, severe or critical COVID-19

Actions
¢ Hospitalize, withhold
immunomodulatory medication
® Respiratory support (non-invasive
or invasive in ICU)
* Medication to reduce inflammation
(dexamethasone, IL-6 inhibition, JAK inhibition)
¢ Consider benefits and risks of medications
carefully in people with prior immunosuppressive
‘ treatment, to avoid compounding risk of
bacterial infection

B

7

8 s

Time since infection (days)

10 15 20

Fig. 1| SARS-CoV-2 pre-infection and post-infection considerations for people with rheumatic disease. Actions
for people with rheumatic disease to take while living in an area with community transmission of SARS-CoV-2, dependent
on whether they are uninfected, or have confirmed asymptomatic or symptomatic (mild, moderate, severe or critical)

COVID-19.

nirmatrelvir (Paxlovid). Specific data in immunocom-
promised individuals are lacking, but use of these drugs
in patients who are at a high risk is recommended****.

The US Food and Drug Administration has expanded
the Emergency Use Authorization for anti-SARS-
CoV-2 monoclonal-antibody therapy as post-exposure
prophylaxis (PEP) for high-risk patients on the basis
of the results of two randomized controlled trials®.
Individuals with rheumatic diseases who are not
fully vaccinated or who are at a risk of an inadequate
immune response to vaccination should be considered
for PEP. Specific choices of drug combinations (such
as sotrovimab, bamlanivimab plus etesevimab or
casirivimab plus imdevimab) should be made on the
basis of regional SARS-CoV-2 susceptibility patterns,
which change over time. PEP should be administered
within 7 days of high-risk exposure. In regions where
monoclonal-antibody therapy is available, patients
should be strongly counselled to inform their health-care
teams about high-risk exposures as soon as possible,
so that appropriate treatment can be arranged.

Studies evaluating the use of pre-exposure prophy-
laxis with monoclonal antibodies against SARS-CoV-2 in
immunocompromised individuals are ongoing and are of
particular interest in relation to those with an inadequate
vaccine response (for example, NCT04625725).

Management of hospitalized patients. The management
of individuals who are hospitalized with COVID-19 is
currently based on the severity of illness, particularly
with regard to oxygen requirements and ventilatory
status’’. For example, those who are hospitalized but
who do not require supplemental oxygen might not need
any specific therapy, whereas those who have progressed
to requiring low-flow supplemental oxygen should
receive remdesivir, dexamethasone or a combination of
these two medications”. Those with more-severe disease
should receive dexamethasone and, in some instances,
additional immunomodulation with IL-6 inhibitors or
JAK inhibitors, as described below. Although treatment
guidelines such as those put forth by the NIH*® should
generally be applied to individuals with rheumatic dis-
eases, customization may be required, for example, with
the use of anti-SARS-CoV-2 monoclonal antibodies in
hospitalized patients with persistent viral replication, or
avoidance of IL-6 inhibitors or JAK inhibitors in those
who are already heavily immunosuppressed.
Remdesivir, an inhibitor of viral RNA-dependent
RNA polymerases, reduces disease progression in hos-
pitalized patients with COVID-19 who require supple-
mental oxygen, according to results from the ACTT-1
trial, but not the SOLIDARITY trial”""%. Although rem-
desivir is not recommended for those requiring invasive
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mechanical ventilation, as viral replication is not consid-
ered to be the main factor in this later phase of illness, for
hospitalized patients with rheumatic disease who require
oxygen therapy, remdesivir should be considered”.

For patients who have progressed to the more severe,
inflammatory phase of COVID-19, specific manage-
ment focuses on dampening the pathological immune
response. Currently, dexamethasone treatment is asso-
ciated with survival benefits in hospitalized patients who
require supplemental oxygen, particularly those with
severe disease who have progressed to invasive mechan-
ical ventilation®. Results suggest that combination
immunosuppressive therapy lessens disease progression
and might reduce mortality in certain subsets of patients.
For example, compared with glucocorticoid therapy
alone, addition of IL-6 inhibitors such as tocilizumab or
sarilumab reduced mortality among patients who were
experiencing rapid respiratory decompensation in the

REMAP-CAP study® and those with high concentra-
tions of C-reactive protein and oxygen requirements in
the RECOVERY study’*”. Similarly, data suggest that
addition of a JAK inhibitor, such as baricitinib or tofaci-
tinib, to corticosteroid therapy improves outcomes for
hospitalized patients with COVID-19 requiring oxygen
support’®*. IL-1 inhibition might also have a role in
some hypoxaemic hospitalized patients, as results from
one randomized controlled trial of anakinra demon-
strated reduction of disease progression and mortal-
ity among patients with plasma concentrations of the
inflammatory marker soluble urokinase plasminogen
activator receptor 26ngml" (REF.”).

Monoclonal antibodies against SARS-CoV-2 might
have a role in the treatment of hospitalized patients with
COVID-19. A preliminary report from the RECOVERY
study identified that among individuals who were seron-
egative at baseline for SARS-CoV-2, hospital mortality was

Table 3 | Therapeutics for COVID-19 currently licensed or with emergency use authorization

Drug Action

Direct antivirals

Casirivimab plus  Anti-SARS-CoV-2 mAbs that bind to

imdevimab non-overlapping epitopes of the spike
protein receptor binding domain
Sotrovimab Anti-SARS-CoV-2 mAb, targets an

epitope in the receptor binding domain
of the spike protein that is conserved
between SARS-CoV and SARS-CoV-2

Anti-SARS-CoV-2 mAbs that bind to
different but overlapping epitopes
in the spike protein receptor binding
domain

Bamlanivimab
plus etesevimab

Anti-SARS-CoV-2 mAbs that bind to
epitopes in the spike protein receptor
binding domain

Tixagevimab
plus cilgavimab

Remdesivir RNA-polymerase inhibitor

Anti-inflammatories

Dexamethasone  Glucocorticoid

Baricitinib Janus kinase inhibitor
Tofacitinib Janus kinase inhibitor
Tocilizumab IL-6 receptor inhibitor
Sarilumab IL-6 receptor inhibitor

mAb, monoclonal antibody.

Indications for use in people
with rheumatic disease

Treatment of non-hospitalized patients with
mild or moderate COVID-19 who are at a risk
of progression

Post-exposure prophylaxis in non-hospitalized
patients who are unvaccinated or vaccinated
but not expected to mount an adequate
immune response

Treatment of non-hospitalized patients with
mild or moderate COVID-19 who are at a risk
of progression

Treatment of non-hospitalized patients with
mild or moderate COVID-19 who are at a risk
of progression

Post-exposure prophylaxis in non-hospitalized
patients who are unvaccinated or vaccinated,
but not expected to mount an adequate
immune response

Pre-exposure prophylaxis of COVID-19
in adults and children >12 years old

Hospitalized with moderate disease only

Hospitalized, requiring supplemental oxygen

Hospitalized, with rapidly increasing oxygen
needs and systemic inflammation

Hospitalized, with rapidly increasing oxygen
needs and systemic inflammation

Hospitalized, with rapidly increasing oxygen
needs and systemic inflammation

Hospitalized, with rapidly increasing oxygen
needs and systemic inflammation

Considerations in people
with rheumatic disease

Treatment of high-risk hospitalized
patients with COVID-19 who

have a poor humoral response to
SARS-CoV-2 should be considered
when mAbs are available
(compassionate use)

Patients with rheumatic disease
should be counselled to alert their
clinicians about SARS-CoV-2 infection
or exposure as early as possible, so
that mAb therapy can be arranged

This treatment should be considered in
those who have sub-optimal responses
to vaccines (such as patients treated
with B cell-depleting therapies)

Consider for patients who require
low-flow supplemental oxygen,

but not for those with more severe
disease requiring invasive mechanical
ventilation

Dexamethasone can be used in most
people with rheumatic disease and
COVID-19, even those on other
immunosuppressive therapies

Addition of a second
immunomodulator to dexamethasone
for COVID-19 treatment should

be considered on a case-by-case
basis, especially in patients who are
immunosuppressed with other drugs
for their rheumatic disease
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Box 1| NIH clinical spectrum of SARS-CoV-2 infection'*

Asymptomatic or pre-symptomatic infection

¢ Individuals who test positive for SARS-CoV-2 using a virological test (that is, a nucleic-
acid amplification test or an antigen test) but who have no symptoms that are consistent

with COVID-19.
Mild illness

¢ Individuals who have any of the various signs and symptoms of COVID-19 (such as
fever, cough, sore throat, malaise, headache, muscle pain, nausea, vomiting, diarrhoea,
loss of taste and smell) but who do not have shortness of breath, dyspnoea, or abnormal

chest imaging.

Moderate illness

¢ Individuals who show evidence of lower-respiratory disease during clinical
assessment or imaging and who have an oxygen saturation (SpO,) 294% when

breathing room air.

Severe illness

¢ Individuals who have SpO, <94% when breathing room air, a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO,/FiO,) <300 mmHg, a respiratory
rate >30 breaths per min, or lung infiltrates >50%.

Critical illness

¢ Individuals who have respiratory failure, septic shock and/or multiple-organ dysfunction.

Vaccine efficacy

A measure of proportional
reduction in cases using a
specific outcome (infection

or hospitalization) within
well-defined conditions among
vaccinated individuals, such
as those within clinical trials.

Seropositivity
Assessment of whether
anti-spike antibodies

are present or not, versus
the levels of antibodies
(see antibody titres/levels).

Antibody titre

All antibodies that bind to the
target antigen (for SARS-CoV-2,
the whole spike protein or the
receptor binding domain of the
spike protein) expressed as a
titre (the dilution of plasma or
sera where anti-spike antibodies
become undetectable).

Neutralization titres
Ability of antibodies to block
in vitro binding of receptor
binding domain of spike
protein to angiotensin-
converting enzyme 2,
measured using target cells
that form plaques after virus
infection, which neutralizing
antibodies block, and usually
expressed as half-maximal
neutralization titres.

lower in those who received casirivimab plus imdevimab
than in those who received the usual standard of care
alone”. Hospitalized patients with rheumatic disease
who have received BCDTs or other immunosuppression
that severely impairs their humoral immune responses
are expected to benefit from this therapy.

In summary, management of COVID-19 in people
with rheumatic disease should generally follow guidance
for the wider local population. Individualized treatment
decisions, guided by rheumatological consultation,
might be desirable for patients who already receive
immunosuppressive treatment, as combining immuno-
suppressive drugs could increase the risk of adverse
events (particularly infections)®. For example, for a
patient receiving high-dose glucocorticoids and cyclo-
phosphamide at the time of COVID-19 hospitalization,
further immunosuppression with IL-6 inhibition, JAK
inhibition or IL-1 inhibition could increase the risk
of serious hospital-acquired infections to a level that
exceeded any likely COVID-19-related benefits. By con-
trast, a patient using long-term, low-dose methotrexate
who develops severe COVID-19 might be advised to
temporarily discontinue the methotrexate, and to receive
treatment with dexamethasone combined with IL-6
inhibition or JAK inhibition, which have demonstrated
benefits for serious COVID-19. In addition, because the
viral replication and inflammatory stages of COVID-19
can overlap in patients with an altered or compromised
immune system, concomitant antiviral therapies, such
as monoclonal antibodies directed against SARS-CoV-2,
should be considered when the patient has not produced
neutralizing antibodies to the virus, even as the risks
of increasing immunosuppression are being evaluated.

COVID-19 vaccination considerations

As mentioned in the Introduction, the rapid develop-
ment of vaccines for COVID-19 is one of the greatest
achievements of modern medical science. There are

six COVID-19 vaccines in widespread use, including
mRNA vaccines (BNT162b2 (Pfizer-BioNTech)
and mRNA-1273 (Moderna)), viral-vector vaccines
(ChAdOx1 (AstraZeneca), Ad26.COV2.S (Johnson
& Johnson) and Gam-COVID-Vac (also known as
Sputnik V)), killed-virus vaccines (CoronaVac
(Sinovac) and Sinopharm). The protein-subunit vaccine
NVX-CoV2373 (Novavax) is also likely to have wide-
spread use, but its approval has lagged behind that of the
others. The construction of these vaccines is discussed
elsewhere’, and the immune response that provides pro-
tection is outlined in FIC. 2. All of these vaccines lead
to the production of neutralizing antibodies and have
efficacy against symptomatic SARS-CoV-2 infection in
the general population’. In published real-world effec-
tiveness studies of vaccination programmes, viral-vector
vaccines and mRNA vaccines provide similar (very
good) levels of protection”. Waning immunity following
an initial series of vaccinations is an issue that is being
addressed with additional doses of vaccine®®*'. Data on
vaccine efficacy against SARS-CoV-2 variants will lag
behind the spread of virus variants. Despite these con-
siderations, everyone should be strongly supported to
receive COVID-19 vaccination.

Immunogenicity: antibody and neutralization titres.
SARS-CoV-2 vaccination in immunocompetent hosts
generates high titres of antibodies against the viral
spike protein, with virtually all vaccinated individuals
achieving seropositivity**. Most people with immune or
inflammatory rheumatic disease also generate antibody
responses after vaccination, although lower antibody titres
might be produced than in the wider population***~*.Ina
study conducted in Israel, rates of spike-protein sero-
positivity following mRNA vaccination in people with
rheumatic disease were 86%, compared with 100% in
a healthy population®. Another large Israeli cohort of
people with rheumatic disease also had an 86% sero-
conversion rate after mRNA vaccination®”. In a German
cohort, 94% of the participants with rheumatic disease
were seropositive post-vaccination, including 90.5%
with neutralizing responses”. These data provide reas-
surance that the majority of people with rheumatic dis-
ease respond to COVID-19 vaccination with an antibody
response. However, the data on post-vaccination anti-
body titres in people with rheumatic disease compared
with the general population warrant further scrutiny.
In a small study conducted in Germany, antibody titres
were 24% lower in people with rheumatic disease than
in healthy individuals®. In the US COVaRiPAD study,
people with rheumatic disease had, on average, post-
vaccination antibody titres that were one-third of those
in immunocompetent participants, and approximately
85% of those in the rheumatic-disease cohort generated
antibody responses*. Neutralization titres of antibodies to
the common variant (D614G) of the spike protein gene-
rally mirror total anti-spike antibody titres closely; thus,
neutralization titres also tend to be lower in people with
rheumatic disease than in the general population®***.
Overall, these data suggest that most people with
rheumatic disease will have antibody responses to
SARS-CoV-2 vaccination that are similar to those of
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the wider population, with antibody titres that are pro-
tective, at least in the short term. However, people with
rheumatic disease can differ from each other in terms of
their intrinsic alterations of immune functions and use
of medications that might affect vaccination responses.
Evidence suggests that some treatments for rheumatic
disease can reduce, or even prevent, antibody response
to SARS-CoV-2 vaccination. The therapies of most con-
cern involve BCDTs, glucocorticoids, mycophenolate
and JAK inhibitors (FIC. 2). In a study conducted in Israel,
22 of the 47 people receiving the BCDT rituximab did
not mount an antibody response, which represented 59%
of all non-responders in the cohort™. In another study
from Israel, the lowest seropositivity rates occurred in

people who had received BCDT, with 39% seropos-
itivity overall in this group. Of the 39% who became
seropositive, 20% of this group who received BCDT
within 6 months prior to vaccination achieved sero-
positivity. At 1 year following receipt of BCDT, nearly
50% of this group were seropositive®. The association
of BCDT with reduction in antibody response has been
observed in patients with rheumatic disease*%#>%°-79-102
and kidney transplantation'®. The effect of BCDT on
vaccine-induced humoral responses is not surprising
given the central role in these responses of B cell acti-
vation and differentiation to antibody-secreting cells.
Notably, BCDT also affects immune responses to
influenza vaccination and pneumococcal vaccination

T cell-response effects

Immunosuppressive medications
with known or suspected effects
on T cell responses to vaccination
Known:
e Abatacept
¢ B cell-depleting therapies
Suspected:
e Antimetabolites
e Calcineurin inhibitors
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directly interfere with T cell and
B cell responses to vaccination
e Antimalarials

¢ Gut-specific integrins

¢ |L-17 inhibitors

e |L-12-1L-23 inhibitors

¢ |L-23 inhibitors

Immunogen

Germinal centre

y B cell

Y7 - M
‘\Q/‘ emo\r

>/ /\W (/—Antibodies
/

Affinity maturation L\
Somatic hypermutation | @ | — = <
& =\
k/ — B cell-response effects Antibody-response effects
= @ \‘ Immunosuppressive medications with Immunosuppressive
— known or suspected effects on B cell and/or medications with known or
Naive germinal centre responses to vaccination suspected effects on antibody
B cell KAEWiE production and/or function
¢ B cell-depleting therapies Known:
Suspected: * B cell-depleting therapies

¢ Mycophenolate mofetil
¢ TNF inhibitors
Suspected:

¢ Glucocorticoids

* Abatacept

¢ Antimetabolites

® Glucocorticoids

¢ |L-6 inhibitors

e Janus kinase inhibitors
* Mycophenolate mofetil
© TNF inhibitors

Fig. 2 | Vaccine-induced immune responses and potential effects of immunosuppression. Protective responses
generated by vaccination require sequential activation of several immune cells. Following delivery of the immunogen by
vaccination, dendritic cells activate CD4* T cells, which polarize into a variety of helper T cell subsets, including T follicular
helper (T;,,) cells. Soluble immunogens also activate immunogen-specific naive B cells, which encounter T, cells. This
interaction is a critical step in the induction of T cell-dependent B cell responses to initiate the germinal centre response,
which generates a pool of mature B cells harbouring a diverse array of B cell receptors with high affinity for the immunogen.
These mature B cells can further differentiate into memory B cells or antibody-secreting cells (ASCs). The diversification

of the B cell receptor repertoire (and thus antibody secretion) is critical for broad coverage of the numerous epitopes the
immunogen contains, and for neutralization of virus variants. Inmunosuppressive medications influence T and B cell function,
some more specifically than others. Immunosuppressives with known or suspected effects on T cell and B cell responses to
SARS-CoV-2 vaccination are shown. Medications that affect the immune system but are unlikely to directly interfere with

T cell and B cell responses to vaccination because of their mechanisms of action are also shown.
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Antibody levels
All antibodies that bind to

target antigen (for SARS-CoV-2,

the whole spike protein or the
receptor binding domain of
the spike protein) expressed
as a level (for a given dilution
of plasma or sera, an absolute
quantification of antibodies
binding spike protein).

in patients with RA'*!%, The presence of peripheral
B cells at >10 cells per microlitre around 6 months after
treatment with BCDT seems to be a reliable indication
that seroconversion will occur following SARS-CoV-2
vaccination in people with RA or ANCA-associated
Vasculitisﬂ'l,x&l()h*IU‘J.

The use of mycophenolate (including mycopheno-
late mofetil and mycophenolic acid) is associated with
substantial impairment of humoral immunity follow-
ing SARS-CoV-2 vaccination. Mycophenolate inhibits
inosine monophosphate dehydrogenase, which impairs
proliferation of lymphocytes and consequently inhibits
cell-mediated and humoral immune responses. In the
Johns Hopkins cohort, the seroconversion rate fol-
lowing two vaccine doses in patients with RMDs who
were treated with mycophenolate was 73%, and median
antibody titres were lower than in patients treated with
TNF inhibitors (8 U ml™ versus >250 U ml™")*”. Similarly,
the seroconversion rate was 64% in individuals treated
with mycophenolate mofetil in an Israeli cohort®.
Mycophenolate is also associated with detrimental
effects on antibody titres in kidney-transplant recipients,
among whom seroconversion rates are as low as 29%'"°.
In recipients of solid-organ transplant with immuno-
suppression, a third SARS-CoV-2 mRNA vaccine dose
can achieve 55% seroconversion, compared with 18%
after two vaccine doses''". Results suggest that withhold-
ing mycophenolate before and/or after SARS-CoV-2
vaccination has beneficial effects on the probability of
antibody response, and on antibody titres'">. Although
specific data on the outcomes of this strategy in people
with rheumatic disease are not yet available, the ACR
has already recommended that a third mRNA vaccine
dose should be administered to all patients with auto-
immune and inflammatory rheumatic disease >28 days
after completing the second dose of the primary vacci-
nation course, unless they are on hydroxychloroquine
monotherapy'"”. Vaccination strategies are likely to
continue to be updated as new data become available.

Data consistently indicate that immunogenicity fol-
lowing SARS-CoV-2 vaccination is affected in people
who are treated with glucocorticoids™*** (FIG. 2). In US
(Johns Hopkins) and Dutch cohorts, approximately
80% of people with rheumatic disease who received
glucocorticoids seroconverted’”, and this value was
66% in an Israeli cohort™. In the US COVaRiPAD study;,
antibody titres in people with rheumatic disease were
lower than those in people who were considered
immunocompetent (only 65% of people with rheumatic
disease had titres consistent with seropositivity), and
titres were lower still in people who received low-dose
prednisone (<7.5 mg per day)*. Notably, confounding by
additional immunosuppression (especially BCDT and
mycophenolate use) was observed in the Johns Hopkins
cohort, as prednisone users with reduced antibody titres
were generally also receiving these medications”. Studies
with larger cohorts will be required to further explore
the impact of glucocorticoid use and use of combined
immunosuppressive therapies on immunogenicity
following SARS-CoV-2 vaccination.

Several classes of medication seem to result in modest
reductions in antibody titres, including TNF inhibitors,

antimetabolites (such as methotrexate, sulfasalazine and
leflunomide) and JAK inhibitors*®7:8%90:9L9597.98 (F|G D),
In the SAGA cohort, seroconversion rates were lower
(62%) in people with rheumatic disease who received
methotrexate than in immunocompetent controls (98%
seroconversion) or in people with rheumatic disease
who were treated with other agents (92% seroconver-
sion)¥’. Methotrexate was associated with a similar effect
in a UK cohort of patients with psoriasis®. Despite rela-
tively good seroconversion rates in patients receiving
TNF inhibitors, preliminary data from the COVaRiPAD
group showed that TNF inhibitor monotherapy is
associated with lower neutralization titres against the
B.1.617.2 (delta) variant than those in immunocompe-
tent and otherwise immunosuppressed participants'*.
For some classes of immunosuppression, such as T cell
co-stimulation blockers, IL-12-IL-23 inhibitors, IL-17
inhibitors and IL-1 inhibitors, little is known about
the effects on immunogenicity. Some preliminary data
from studies with small sample sizes suggest that treat-
ment with IL-12-IL-23 inhibitors’, IL-17 inhibitors* or
IL-1 inhibitors'"® does not have an appreciable effect on
antibody titres.

To date, a handful of studies have examined immuno-
genicity following a first dose of mRNA-based SARS-
CoV-2 vaccine®®*?!'¢_ The results indicate that sero-
conversion is delayed in individuals with autoimmune
diseases who receive immunosuppressive therapies”’’,
and in recipients of solid-organ transplants''.
In patients with RMDs, the lowest antibody titres after
one vaccine dose are found in those who receive BCDT
or mycophenolate''®, as well as in those treated with
methotrexate (who can achieve reasonable antibody levels
following a second vaccine dose)’". Delaying administra-
tion of the second dose of vaccine might be riskier for
those with rheumatic disease receiving immunosuppres-
sive therapy than for those who receive their second dose
as recommended, as this strategy could result in delay
of seroconversion with no demonstrated benefit to the
eventual rate of seroconversion.

Although most studies have focused on the effects
that immunosuppression in people with rheumatic
disease has on vaccine immunogenicity, few data exist
in relation to whether having a rheumatic disease is in
itself a risk factor for reduced immunogenicity. Analyses
using a German cohort suggested that having a rheum-
atic disease was independently associated with reduced
antibody responses, as anti-spike antibody titres
were lower in participants with untreated immune or
inflammatory rheumatic disease than in people who
were considered to be immunocompetent, even after
controlling for age, sex and time from first vaccination
date”. Nevertheless, greater reductions in antibody titres
occurred in this cohort in people who were treated with
bDMARD:s, targeted synthetic DMARDs and con-
ventional synthetic DMARDs than in those receiving
other therapies, supporting the association of immuno-
suppression with antibody responses induced by
SARS-CoV-2 vaccination™. Overall, it seems clear that
the development of specific vaccination strategies for
patients with rheumatic disease, taking therapy use into
consideration, should be a key focus for future research,
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Vaccine effectiveness

A measure of proportional
reduction in cases using a
specific outcome (infection
or hospitalization) among
vaccinated individuals,
measured within a real-world
setting.

to ensure that data-informed vaccination approaches
are available.

Immunogenicity: cell-mediated immunity. The data
relating to cell-mediated responses to SARS-CoV-2
vaccination are limited. Results from a study involving
82 individuals with immune-mediated inflammatory
disease (and 208 healthy individuals) showed that meth-
otrexate use did not affect increases in spike-specific
B cells, CD4"* T cells and most CD8* T cell subsets after
vaccination with the BNT162b2 mRNA vaccine”. This
finding suggests that methotrexate monotherapy has
minimal impact on most cellular responses follow-
ing vaccination; however, total numbers of activated
CD8* T cells did not increase in methotrexate-treated
individuals with rheumatic disease in response to
vaccination.

Several studies have produced data on T cell responses
in relation to BCDT*>'*""", In a small study that included
people with RA or ANCA-associated vasculitis treated
with rituximab, concentrations of spike-specific
B cells, total T follicular helper cells and CD4* and
CD8" T cells were lower in individuals without sero-
conversion than in those with seroconversion'® (FIG. 2).
Additionally, spike-specific CD4" T cells secreted less
IENY upon peptide stimulation in individuals without
seroconversion, suggesting that the absence of B cells
attenuates T cell activation, possibly through inadequate
co-stimulation. Results from two larger studies demon-
strated that although individuals who do not generate
humoral responses in the context of BCDT can generate
spike-specific CD4" T cells, these cells have impaired
function, as assessed by IFNy release’'"". The clinical
import of these findings is not known, but they high-
light the differential effects that immunosuppressive
medications can have on cellular responses.

Breakthrough infections in individuals with rheumatic
disease. Although numerous groups have published
immunogenicity data assessing surrogates of protection,
ultimately vaccine effectiveness data will provide the final
verdict on the effect of immunosuppression on SARS-
CoV-2 vaccination. Results from a study conducted in
Israel revealed that vaccine effectiveness for prevention
of symptomatic COVID-19 in those on immunosuppres-
sion was 71% compared with 94% in immunocompetent
individuals'”. Similarly, vaccine effectiveness for avoid-
ing hospitalization was lower in immunosuppressed
than in immunocompetent individuals (62.9% versus
91.3%)'*". Indeed, individuals with immunosuppres-
sion represented almost half of the hospitalized break-
through infections in studies in Israel and the USA'**'*!
and four out of 14 patients with breakthrough severe or
critical illness in another US study'*’. Among 16 indi-
viduals with breakthrough COVID-19 in yet another US
study, only one was not receiving any DMARD or gluco-
corticoid at the time of vaccination'”’. Nevertheless,
data from the EULAR COVID-19 registry and COVAX
registry suggest that breakthrough rates are low (<1%) in
fully vaccinated individuals with inflammatory RMDs'*.
Notably, the observations described herein were largely
made prior to the outbreak of the delta and omicron

variants of SARS-CoV-2, which might result in altera-
tion of the association of particular immunosuppressive
medications with breakthrough infections.

Adbverse events after vaccination and flares of rheumatic
disease. Although the data relating to immunogenicity
in people with rheumatic disease are important for
understanding which patients might have a subopti-
mal vaccine response, all patients are interested in the
risk of adverse reactions. Comparative data on the rate
of adverse events following vaccination in people with
rheumatic disease are scarce, but results from studies
conducted pre-pandemic suggest similar rates of local
and systemic reactions in people with SLE who receive
placebo or live herpes zoster vaccine (although the vac-
cine was associated with higher rates of injection-site
reactions)'>~'%,

mRNA vaccination is associated with a theoretical
risk of disease flares, particularly in patients with SLE.
mRNA is a trigger of interferon responses via activa-
tion of pattern-recognition receptors such as Toll-like
receptors or the intracellular sensors stimulator of
interferon genes (STING) and retinoic acid-inducible
gene I (RIG-I). Systemic concentrations of type I inter-
feron increase in response to viral infections (includ-
ing SARS-CoV-2 infection)'*, and are associated
with mRNA vaccination'”’. Because concentrations of
type I interferon are elevated in diseases such as SLE'*
(in which inhibition of type I interferon is a therapeutic
target)'*"'%%, there is a risk that vaccination-induced ele-
vation of type I interferon could cause flares of rheum-
atic disease. Notably, however, the introduction of
modified nucleosides (such as pseudouridine) into cur-
rent mRNA vaccines considerably reduces recognition
by pattern-recognition receptors'*. Specifically in rela-
tion to vaccination against SARS-CoV-2, self-reported
flare rates among 1,101 patients with rheumatic disease
who received mRNA-based vaccines were high (17%),
with 23% of the flares occurring only after the first
dose, 43% only after the second dose and 33% after both
doses'*. Similarly, among 1,377 patients with RMDs
who received two doses of mMRNA-based SARS-CoV-2
vaccines, 11% reported flares that required treatment;
factors associated with these flares included prior
SARS-CoV-2 infection, previous flare (within 6 months
of vaccination) and use of combination immunomodu-
latory therapy'*. In SLE, type I interferon responses
strongly associate with disease activity'*, and in the
vaccination against COVID in systemic lupus study'”,
only 21 of 696 individuals (3%) with SLE who received
any SARS-CoV-2 vaccine had a medically confirmed
flare, and SLE disease-activity scores were unchanged
following vaccination’. No notable flares of rheumatic
disease were identified in four other studies that between
them included over 6,000 people with rheumatic disease
who received SARS-CoV-2 vaccines®*5%>1%,

Vaccinations: practical considerations. Data relating
to vaccination and rheumatic disease are being gene-
rated at a considerable rate, and recommendations
for clinical practice will need to be regularly updated.
The ACR has collated comprehensive, data-informed
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vaccination recommendations that are revised regu-
larly'®. Practitioners must also review country-specific
recommendations regarding vaccination.

Conclusions

The rapid response of the international rheumatology
community to the COVID-19 pandemic has provided
some answers to pressing clinical questions for people
with rheumatic disease. Available evidence suggests
that this group has a slightly higher risk of infection
with SARS-CoV-2 and of poor medical outcomes from
COVID-19 than the general population. Some of the
risk of poor outcomes is associated with the burden
of comorbidities in this group, but there also seems to
be risk associated with active disease, and with the use
of glucocorticoids and DMARDs. Although guidance
is now available in relation to effective therapies for
COVID-19 in the general population, specific data
for people with rheumatic disease are required. Further
work is also needed to inform vaccination strategies for
people receiving medications that are associated with
reduced vaccine responses, such as rituximab, and to

provide clarification about the need to withhold com-
mon medications post-vaccination'”’. Numerous other
knowledge gaps also remain, including the effects of
specific rheumatic diseases on vaccine effectiveness, the
usefulness of additional doses of vaccine and the rela-
tive importance of humoral and cell-mediated immu-
nity in the prevention of severe outcomes. Alteration
of infection dynamics and COVID-19 severity as vari-
ants emerge also creates uncertainty, as variants that
increase transmissibility, pathogenicity and immune
evasion might be of particular concern to people
with rheumatic disease, especially those undergoing
immunosuppressive therapy'*’. Despite these concerns,
the research success in promptly addressing many
key concerns relating to SARS-CoV-2 and rheumatic
disease is impressive'*’. The rheumatology research
community will need to maintain this momentum, to
provide timely and informative data that can help to opti-
mize the care of people with rheumatic disease in this
evolving pandemic.
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