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Introduction
The COVID-19 pandemic has had an impact on society 
and health care worldwide, resulting in a high economic, 
social, and medical burden. Delays in clinical care, 
including new consultations, follow-up assessments, and 
treatment administration, have been major challenges for 
many patients worldwide.1 Standard approaches to patient 
management have been modified worldwide to include 
telemedicine and teleconsultation.2 However, these 
changes have had an impact on patients with rheumatic 
diseases, including those with systemic sclerosis.3 In a 
UK national database including almost 170 000 patients 
with rare autoimmune rheumatic diseases, mortality 
increased substantially in younger age groups during 
March and April, 2020, with increased mortality noted as 
early as age 35 years, compared with 55 years in the 
general population.4 This increase in mortality was 
exemplified by an age-standardised mortality rate in 
people with rheumatic diseases that was 1·44 (95% CI 
1·42–1·45) times higher during the pandemic than in the 
same months of the previous 5 years, whereas in the 
general population of England, the mortality rate was 
1·38 times higher than the average age-standardised 
mortality rate recorded during the same months of the 
previous 5 years.4 For patients with systemic sclerosis, the 
COVID-19 pandemic has had an impact on disease 
management in several ways. Redirection of health-care 
resources towards patients with COVID-19 reduced the 
capacity and resources available for the management of 
complex long-term conditions such as systemic sclerosis.3 
In addition, the need to reduce numbers of patients 
attending outpatient departments and hospital 
admissions restricted face-to-face interaction and resulted 
in clinic appointments that were done mostly remotely 
via telemedicine.5 The use of telemedicine was a particular 
challenge for the routine assessment of lung and heart 
disease, which are normally evaluated by pulmonary 
function tests and echocardiography.6,7 Likewise, doing a 
modified Rodnan skin score was difficult via telemedicine, 
and there was an increased use of remote self-assessment 
approaches.8 These alternative assessment approaches 

impact on clinical trials and research, and might have 
longer-term consequences for systemic sclerosis.

Almost 2 years after the beginning of the pandemic, 
the availability of large multicentre data and widespread 
clinical experience has provided high-quality information 
on the risk of infection, hospitalisation, severe outcomes, 
and death, and these data can be used to measure the 
effect of the pandemic on patients with systemic 
sclerosis. Studies of patients with systemic sclerosis who 
are immunocompromised or developed severe COVID-19 
will help to further understand relevant risk factors. 
International scientific initiatives are ongoing and will 
provide robust evidence on the effect of COVID-19 on the 
disease course of systemic sclerosis and the development 
and management of complications related to the disease. 
Similarly, data on the use of the COVID-19 vaccines in 
patients with systemic sclerosis continue to accrue9–11 and 
will provide evidence for the most appropriate timing of 
vaccination as a preventive measure. As it is clear that we 
have to learn to live with the SARS-CoV-2 virus, the data 
being collected during the pandemic will support 
rheumatologists in continuing to improve approaches to 
the future care of patients with systemic sclerosis. With 
the aim of providing answers to some of these points on 
COVID-19 management, international initiatives to 
specifically collect data on COVID-19 in people with 
systemic sclerosis are ongoing, including the European 
Scleroderma Trials and Research (EUSTAR) registry, and 
joint efforts of the European League Against Rheumatism 
(EULAR) and the COVID-19 Global Rheumatology 
Alliance.3

Little is known so far on how COVID-19 specifically 
impacts patients with systemic sclerosis, and how features 
that are specific to systemic sclerosis affect the long-term 
outcomes of SARS-CoV-2 infection; understanding these 
dynamics is of key importance to guide the best practices 
for the management of patients with systemic sclerosis 
during the COVID-19 pandemic. Therefore, we reviewed 
the available data, including the prevalence of COVID-19 
in patients with systemic sclerosis and factors specific to 
systemic sclerosis  associated with a worse outcome.

Systemic sclerosis in the time of COVID-19
Anna-Maria Hoffmann-Vold, Oliver Distler, Cosimo Bruni, Christopher P Denton, Jeska de Vries-Bouwstra, Marco Matucci Cerinic, Madelon C Vonk, 
Armando Gabrielli

The COVID-19 pandemic represents one of the biggest challenges of the 21st century. In addition to the general effect 
on society and health-care systems, patients with systemic sclerosis and their physicians face specific challenges 
related to the chronic nature of their disease, the involvement of multiple organs, and the use of immunosuppressive 
treatments. Data from registries and single centre cohorts indicate that the risk of contracting SARS-CoV-2 does not 
seem to increase substantially in people with systemic sclerosis; conversely, severe COVID-19 outcomes are seen 
more frequently in these patients than in the general population. Vaccination against SARS-CoV-2 is therefore highly 
recommended for patients with systemic sclerosis; however, no specific recommendations are available regarding the 
different vaccine platforms. Both patients and physicians should be aware that the effectiveness of vaccines might be 
reduced in patients taking immunosuppressive therapy, because antibody responses might be blunted, specifically in 
patients treated with rituximab and mycophenolate mofetil.
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The current landscape
Prevalence of COVID-19 in systemic sclerosis
Patients with systemic sclerosis and patients with 
rheumatic diseases overall were reported to have a higher 
prevalence of COVID-19 than the general population in 
three Italian studies.12–14  In the first study,12 COVID-19 
was reported by 4 (1%) of 438 patients with systemic 
sclerosis, and 25 (1·5%) of 1641 patients with rheumatic 
disease who were contacted for a telephone study 
between March 15 and April 25, 2020,12  compared with 
0·35% (349 of 100 000 population) of the general Italian 
population.15

In another study13 of 526 patients with systemic 
sclerosis from a tertiary care hospital in Milan, Italy, who 
were contacted for a telephone survey between March 8 
and April 21, 2020, two (0·4%) patients had confirmed 
COVID-19, and 11 patients (2·1%)  had symptoms that 
were highly suggestive of COVID-19.13 Of note, exposure 
history of the patients was not captured, which is 
important to estimate the real prevalence of an infectious 
disease, and no population-based comparator was 
assessed. Another study assessed the cumulative 
prevalence of COVID-19 in a nationwide Italian cohort of 
patients with systemic sclerosis between March 15 and 
April 25, 2020.14 Of 1636 patients with systemic sclerosis 
who were contacted by a telephone survey, 14 (1%) 
patients had COVID-19 verified by a PCR test, and 
47 (3%) patients had highly suspected COVID-19. The 
prevalence of COVID-19 in patients with systemic 
sclerosis was higher than in the general Italian population 
(p=0·0010).15 The majority of patients with systemic 
sclerosis and COVID-19 had mild-to-moderate clinical 
manifestations.14 In this cohort, 510 (31%) patients had 
symptomatic systemic sclerosis-associated interstitial 
lung disease (ILD). The prevalence of COVID-19 in 
patients with systemic sclerosis-associated ILD was 
higher than in patients without ILD (odds ratio [OR] 2·71, 
95% CI 1·62–4·53, p<0·0001).14 Whether these data 
reflect an increased awareness of risk and more testing 
and diagnosis, the effect of concurrent immuno-
modulatory ILD treatment, or factors associated with 
ILD, is unknown. Other factors are also like to have 
affected the reported prevalence of COVID-19 in patients 
with systemic sclerosis. The availability of PCR tests was 
restricted in many countries, systematic PCR tests were 
not done during this period, and generalised screening 
was not done in asymptomatic patients. Additionally, 
patients with systemic sclerosis were likely to be very 
cautious, more so than the general population, and most 
of these patients probably restricted movements and 
social contacts.1

Impact on mortality and prognosis
Specific factors such as age, sex, and comorbidities have 
been associated with worse COVID-19 outcomes in the 
general population.16 One meta-analysis,17 including  
38 906 hospitalised patients, identified risk factors 

associated with COVID-19 related mortality in the 
general population,17  including male sex (relative risk 1·3, 
95% CI 1·2–1·4), age older than 60 years (3·6, 3·0–4·4), 
hypertension (1·8, 1·6–2·0), diabetes (1·5, 1·4–1·7), a 
history of smoking (1·3, 1·1–1·6), COPD (1·7, 1·4–2·0), 
and chronic kidney disease (2·5, 2·1–3·0).

Little is known specifically on the effect of COVID-19 in 
patients with systemic sclerosis, whereas more 
knowledge exists on patients with rheumatic diseases in 
general. Using data from the COVID-19 Global 
Rheumatology Alliance registry (a registry launched on 
March 24, 2020, in which data from patients with a pre-
existing rheumatic disease and COVID-19 diagnosis are 
entered voluntarily by rheumatologists) factors, including 
increasing age, male sex, and presence of comorbidities 
were found to be associated with increased mortality in 
patients with rheumatic diseases and COVID-19.18 This 
study also included patients with systemic sclerosis, 
although they were grouped together with all other 
connective tissue diseases, except for systemic lupus 
erythematosus.18 In the group of patients with connective 
tissue diseases, those with moderate or high disease 
activity had higher odds of death than did patients with 
low disease activity or  remission, and rituximab 
treatment was associated with higher mortality compared 
with methotrexate.18 Rituximab treatment was also 
associated with severe outcomes in patients with 
rheumatic disease in the French RMD COVID-19 
cohort.19 Of the 1090 patients included in this cohort, 
43 (4%) patients had systemic sclerosis, of whom seven 
were treated with rituximab. In this study, rituximab 
therapy was associated with a severe COVID-19 outcome 
across all patients with rheumatic diseases. Notably, 
rituximab remained strongly associated with severe 
outcomes even after adjustment for the main risk factors. 
The time between the last infusion of rituximab and the 
first symptoms of COVID-19 was significantly shorter in 
patients who developed severe COVID-19 than in patients 
with moderate or mild forms of the disease, suggesting 
direct drug accountability in patients with rheumatic 
disease.19 Mycophenolate mofetil, which is frequently 
used in patients with systemic sclerosis (especially for 
the treatment of ILD), was also associated with severe 
COVID-19 in patients included in the COVID-19 Global 
Rheumatology Alliance registry.18 The amount of 
uncertainty within the French RMD COVID-19 cohort is 
high, because the number of patients with systemic 
sclerosis who had presumed COVID-19 and were taking 
rituximab was rather low. Studies with large numbers of 
patients who have systemic sclerosis and COVID-19 and 
are given rituximab and mycophenolate mofetil are 
needed. In addition, associations of severe outcomes 
with treatment and risk factors specific to systemic 
sclerosis have not been published to date.

To assess the effect of COVID-19 on systemic sclerosis 
by establishing the proportion of patients with a severe 
outcome (defined as death, intensive care unit admission, 



e568 www.thelancet.com/rheumatology   Vol 4   August 2022

Review

or ventilation) and to evaluate characteristics associated 
with a severe outcome, our group assessed all patients 
with systemic sclerosis from the EUSTAR COVID-19 
registry20 and from the COVID-19 Global Rheumatology 
Alliance registry (unpublished data). Preliminary 
analyses have been presented at major conferences,20 and 
the final results will give important insights into the risk 
factors specific to systemic sclerosis, including organ 
manifestations and specific treatments, for severe 
outcomes of COVID-19.

Impact on the care of patients with systemic 
sclerosis
The pandemic also had an impact on other aspects of 
systemic sclerosis patient care. In an international study5 
including patients with systemic sclerosis without 
COVID-19, patients were asked to complete an online 
survey from April 13 to May 13, 2020, to assess the issues 
faced by patients during the pandemic, with a focus on 
effects on the disease, drug procurance, continuity of 
medical care, and prevalent fears among patients. The 
study was distributed worldwide using social media by 
various international systemic sclerosis organisations 
and patient communities (Scleroderma Family UK, 
Scleroderma Australia, Scleroderma and Functional 
Medicine, Limited Cutaneous Systemic Sclerosis, 
Worldwide Scleroderma, Scleroderma, and Scleroderma 
India). Of the 291 patients included in the study, 
41% reported problems directly attributable to the 
pandemic. 38% had issues procuring their medicines 
(due to unspecified reasons), 25% had disruption in their 
physiotherapy sessions, 24% found it difficult to contact 
their specialist, and 7% were unable to contact their 
specialist.5 Most patients (72%) had a fear of contracting 
COVID-19, and 45% feared systemic sclerosis disease 
flare.5 Of all assessed patients, 56% preferred 
teleconsultations to face-to-face visits.5 Another study 
assessed anxiety and depression in 435 patients with 
systemic sclerosis from the Scleroderma Patient-centered 
Intervention Network cohort before (late 2019) and 
during (until March, 2021) the COVID-19 pandemic.21 
Patients were mostly enrolled from France, the USA, 
Canada, and the UK. Mean anxiety symptom scores 
increased from before the pandemic to April, 2020 
(standardised mean difference 0·51, 95% CI 0·37–0·64), 
whereas depression symptoms did not differ. Both 
anxiety and depression symptoms improved later 
in 2020, with anxiety symptoms returning to pre-
pandemic levels, and depression symptoms slightly 
lower than before the pandemic.21

Treatment strategies have also been affected: as shown 
by data from the European Society for Blood and Marrow 
Transplantation register,22 the number of systemic 
sclerosis patients registered with autologous stem cell 
transplantation was considerably lower in 2020 compared 
with 2019. The effect of the pandemic on patients with 
systemic sclerosis, including the possibility of 

undiagnosed lung, heart, or kidney complications related 
to severe disease because of diagnostic delays and 
reduced routine assessments, will begin to become 
apparent in the years after the pandemic.

COVID-19 and clinical manifestations of 
systemic sclerosis
Both systemic sclerosis and COVID-19 are multisystem 
diseases with complex pathology and comorbidity.3 Some 
characteristics associated with worse outcomes, such as 
being Hispanic, Native American, or African American, 
male sex, and increasing age, are shared between the 
diseases, and mortality of both diseases is primarily 
driven by heart, lung, and kidney complications. There 
might even be shared contributors to disease, noting that 
interleukin-6 receptor (IL-6R) blockade has been reported 
to be beneficial in both diseases, with potential effects on 
lung manifestations.23,24

Vasculopathy
Systemic vasculopathy occurs in patients with COVID-19, 
and some of the treatments used for treating vasculopathy 
in patients with systemic sclerosis, such as iloprost, have 
suggested a possible benefit in the treatment of 
COVID-19.25 However, more studies are warranted.26 
Post-COVID-19 complications, such as chilblains, are 
also a feature of connective tissue diseases and could 
benefit from management strategies developed more 
generally for digital microvascular disease.27

COVID-19 lung disease and systemic sclerosis ILD
Since patients with systemic sclerosis-associated ILD and 
COVID-19 might have worse outcomes than patients 
with systemic sclerosis-associated ILD who do not have 
COVID-19,  elucidating the relationship and differential 
diagnoses between systemic sclerosis-ILD and COVID-19 
lung manifestations in detail is important. The lung 
involvement characteristic of systemic sclerosis-ILD and 
COVID-19 have several similarities, which is the first 
hurdle in the diagnosis of COVID-19 lung involvement 
in these patients.28,29 One difference is that disease 
progression in COVID-19 is acute, whereas in systemic 
sclerosis it is frequently subacute and chronic.30 Patients 
affected by COVID-19 usually show nonspecific 
symptoms at disease onset, such as fever, cough, fatigue, 
myalgia, and dyspnoea. Only 10–15% of patients might 
evolve to a severe respiratory disease, of whom about 
5%  might evolve to respiratory failure, septic shock, or 
multiple organ dysfunction.31,32 Because of the risk of 
symptoms evolving, an early diagnosis of lung infection 
and timely treatment is mandatory to prevent progression 
to a critical stage of the disease, which could lead to 
severe outcomes, such as ventilation or death.

For the lungs, high-resolution CT of the chest is a 
good,33 albeit far from perfect, tool for the detection and 
characterisation of SARS-CoV-2 infection and for 
monitoring the development of COVID-19.34 
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High-resolution CT showed good sensitivity, but 
moderate specificity to diagnose COVID-19. Thus, the 
role of high-resolution CT is evolving and has some 
limitations for a precise differential diagnosis between 
COVID-19 and similar clinical ILD presentations in 
patients with connective tissue diseases.28 With high-
resolution CT, COVID-19 lung involvement shows 
involvement of the parenchyma. Single or multiple 
lesions might be present, predominantly with a peripheral 
distribution in the middle and lower zones and in the 
posterior areas.35 The most frequent lesions observed are 
distributed bilaterally, but with differences between the 
sides according to the disease progression. Lesions range 
from ground glass opacities, consolidations, and pleural 
effusions, to ground glass opacities and reticular pattern, 
ground glass opacities with crazy paving, and eventually 
honeycombing. In clinical practice, distinguishing 
between the lung involvement of COVID-19 and ILD in a 
patient with systemic sclerosis might be challenging,29 
because COVID-19 pneumonia shares some high-
resolution CT features with systemic sclerosis-associated 
ILD.29 Because ILD is a frequent and severe complication 
of systemic sclerosis, current guidelines advocate 
screening for ILD with use of high-resolution CT early in 
the course of systemic sclerosis. The most common 
imaging pattern on high-resolution CT seen in patients 
with systemic sclerosis associated-ILD is nonspecific 
interstitial pneumonia, characterised by peripheral 
ground glass opacities with an apical to basal gradient, 
frequently accompanied by subpleural sparing, and 
reticulation and traction bronchiectasis in cases of fibrotic 
nonspecific interstitial pneumonia. Several cases of 
COVID-19 have been described in  patients with systemic 
sclerosis and further raised the concern about shared 
high-resolution CT features.8,36,37 The high-resolution CT 
images of patients with COVID-19 pneumonia have been 
classified as typical, indeterminate, and atypical.38 The 
distribution in the upper lobes, patchy ground glass 
opacity, crazy paving, and consolidations are not 
frequently found in systemic sclerosis-associated ILD and 
might therefore suggest COVID-19.36–40

High-resolution CT findings detected in patients with 
COVID-19 and systemic sclerosis-associated ILD might 
reflect both diseases, having some similarities, but also 
indicate a consistently different disease evolution over 
time.39,40 In the past year, the comparison between 
systemic sclerosis and COVID-19 lung involvement has 
shown that differential diagnosis by high-resolution CT 
might be successfully done in practice. In particular, the 
presence of consolidations in the lower lobes and of 
fibrosis inside ground glass opacities could help to 
differentiate the diseases and support the physician to an 
early diagnosis, either of systemic sclerosis-associated 
ILD progression or of an overlap of COVID-19 with 
systemic sclerosis-associated ILD.29 The data on high-
resolution CT indicate that we could differentially 
diagnose COVID-19 and systemic sclerosis on 

high-resolution CT, but it is important to note that more 
evidence is needed to allow a precise distinction between 
the two diseases. The evaluation of high-resolution CT 
could also be done by the rheumatologist, but a specific 
expert evaluation by a radiologist is strongly 
recommended when an overlap of both diseases is 
suspected.

Post-COVID syndrome
A further concern is the emergence of post-COVID-19 
syndrome (also known as long COVID) as an important 
clinical entity. Emerging evidence and patient testimony 
are show that a substantial number of people who 
contract COVID-19 still have the effects of the virus 
months after first becoming ill. Signs and symptoms that 
develop during or after an infection consistent with 
COVID-19, that continue for more than 12 weeks, and are 
not explained by an alternative diagnosis, are defined as 
long COVID. Symptoms are widely ranging, fluctuate in 
frequency and severity, and can include breathlessness, 
chronic fatigue, so-called brain fog, anxiety, and stress.41 
Many people with long COVID can also have generalised 
pain, fatigue, a persistent high temperature, and 
psychiatric symptoms. Since several of the clinical 
features and symptoms are familiar to patients and 
clinicians dealing with chronic rheumatic and 
musculoskeletal diseases, such as systemic sclerosis, 
long COVID could be an additional burden for patients 
with these diseases.

In summary, systemic sclerosis and COVID-19 are 
both important health challenges and might have 
overlapping features or findings on investigation that 
affect disease management. However, at present, patients 
with systemic sclerosis should be treated in the same way 
as other people with COVID-19 and can benefit from the 
increasing number of approved therapies for both early-
stage and late-stage COVID-19. Some of the adaptions to 
clinical practice and new approaches that have been 
essential during the pandemic could be usefully 
incorporated into long-term practice once the pandemic 
subsides.

Management of a patient with systemic 
sclerosis and COVID-19
Recommendations for the management of systemic 
sclerosis
Early in the pandemic, there was concern that patients 
with systemic sclerosis would be especially susceptible to 
COVID-19 or would be more likely than the general 
population to have a poor outcome. Concerns about 
increased susceptibility were plausible because of the 
frequency of background cardiopulmonary and renal 
disease in patients with systemic sclerosis and the use of 
immunosuppressive drugs, which can predispose 
patients to infection. These concerns led to 
recommendations specific to systemic sclerosis and 
broader recommendations for the management of 
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COVID-19 by both EULAR,42,43 the American College of 
Rheumatology,44 and other organisations representing 
patients with musculoskeletal and immunological 
diseases. Although many patients with systemic sclerosis 
have contracted SARS-CoV-2, it has become apparent 
that, fortunately, most patients do not have a poor 
outcome. Ongoing registry studies,45 including projects 
described in this Review, show that patients with systemic 
sclerosis might have an overall worse outcome than the 
general COVID-19 population; however, it is also 
reassuring that many patients have mild disease and 
make a full recovery.

Management of acute COVID-19 in patients with 
systemic sclerosis
Management of acute COVID-19 in patients with 
systemic sclerosis should largely follow the general 
evidence-based approach. Diagnosis should be confirmed 
whenever possible by a PCR test for SARS-CoV-2 viral 
RNA, with stratification according to clinical criteria into 
non-severe, severe, and critical severity groups is helpful 
for management of patients with COVID-19.46 These 
diagnosis thresholds are largely defined by the need for 
supplemental oxygen to maintain oximetry or the need 
for ventilatory, cardiovascular, or renal support in a high 
dependency or intensive care unit. Current management 
has benefited from large, well conducted clinical trials, 
including the RECOVERY trial in the UK.47 This trial has 
shown survival benefits from dexamethasone. A total of 
2104 patients in the RECOVERY trial47 were assigned to 
receive dexamethasone and 4321 to receive usual care, 
with 28-day mortality of 23% in the dexamethasone 
group and 26% in the usual care group (age-adjusted rate 
ratio 0·83, 95% CI 0·75–0·93; p<0·001). The trial also 
showed benefit from IL-6 blocking agents. 4116 of 
21 550 patients enrolled into the RECOVERY trial were 
included in the assessment of tocilizumab, including 
3385 patients (82%) given systemic corticosteroids. 
Overall, the 28-day mortality was 31% for patients 
allocated tocilizumab and 35% in the 2094 patients 
allocated to usual care (age-adjusted rate ratio 0·85, 
0·76–0·94; p=0·003).48 Although high-dose steroids are 
generally avoided in patients with systemic sclerosis, 
because of the risk of scleroderma renal crisis,49 the 
standard approach of using dexamethasone for 
COVID-19 pneumonitis associated with the need for 
supplemental oxygen is appropriate, because the survival 
advantage of steroids outweighs the risk. However, blood 
pressure and renal function should be monitored 
carefully in line with standard COVID-19 treatment. 
Tocilizumab is also standard treatment for patients with 
COVID-19 requiring supplemental oxygen, and the 
promising data for IL-6R blockade in systemic sclerosis-
associated ILD supports the use of these inhibitors in 
patients with systemic sclerosis and COVID-19.23 Trials 
have suggested that remdesivir can shorten hospital 
admission when given at an early stage, within 10 days of 

the onset of symptoms.50 The monoclonal antibody 
therapies casirivimab and imdevimab (Ronapreve 
[Roche, Germany]), regdanvimab (Regkirona [Nuvisan, 
Germany]), and sotrovimab (Xevudy [GSK, Italy]) are 
now authorised in the EU and were granted authorisation 
for emergency use by the US Food and Drug 
Administration (FDA).51–53 Oral antiviral agents 
(eg, molnupiravir) are also now approved by the 
Medicines and Healthcare products Regulatory Agency 
(MHRA) on the basis of trial results showing their 
benefit in preventing severe disease and hospitalisation, 
and for emergency use by the FDA. The approval of oral 
antiviral agents follows the European Medicines Agency’s 
(EMA’s) grant of marketing authorisations for these 
products, and antiviral agents are also now approved by 
MHRA and other health authorities for treatment of 
early COVID-19, on the basis of positive clinical trial 
data. The use of oral antiviral agents might be particularly 
beneficial in high-risk patients with severe systemic 
sclerosis who have not had an adequate serological 
response to vaccination or are unvaccinated. Although 
few, if any, people with systemic sclerosis have been 
included in clinical trials, there is no expectation that 
these agents would not also be helpful in the context of 
systemic sclerosi. At present, all patients should be 
offered these important treatments that can be expected 
to reduce mortality in future waves of the pandemic. 
However, it is important to note that several of the 
monoclonal antibody therapies have been shown to be 
ineffective against the omicron variant,54,55 and 
authorisation by the US FDA has been modified 
accordingly. Effectiveness of these agents against future 
variants will require further studies. Specific 
manifestations of systemic sclerosis can challenge the 
standard management of COVID-19, including coexistent 
digital vasculopathy, concurrent cardiopulmonary or 
renal impairment, and practical challenges of intubation 
and mechanical ventilation related to microstomia and 
restricted craniocervical range of movement, which are 
challenges for intensive care management of systemic 
sclerosis.56

COVID-19 vaccination in patients with systemic 
sclerosis
Vaccines are needed to overcome the COVID-19 pandemic 
and reduce the morbidity and mortality associated with 
COVID-19. Rapid global efforts to develop and test vaccines 
led to an unprecedented number of candidate vaccines 
starting clinical trials during 2020.57 Ten vaccines for 
COVID-19 have been approved by WHO, namely ChAdOx1 
nCoV-19 (AstraZeneca; AZD1222), Ad26.COV2.S (Janssen), 
mRNA-1273 (Moderna; elasomeran), BNT16b2 (Pfizer-
BioNtech; tozinameran), BBIBP-CorV (SinoPharm), 
CoronaVac (Sinovac Biotech), BBV152 (Bharat Biotech; 
Covaxin), Covovax (Novavax; NVX-CoV2373), Nuxaxovid 
(Novavax; NVX-CoV2373), and Ad5-nCoV (CanSino 
Biologics).58
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All currently available COVID-19 vaccines are non-
live vaccines or inactivated virus vaccines.59,60 Three 
different techniques of developing COVID-19 vaccines 
have been used, including vector vaccines, mRNA 
vaccines, and inactivated virus vaccines. Of these 
techniques, the first vector vaccines (eg, ChAdOx1 
nCoV-19 and Ad26.COV2S) and mRNA vaccines (eg, 
BNT16b2, mRNA-1273) are used most often. ChAdOx1 
nCoV-19 consists of a replication-deficient chimpanzee 
adenoviral vector ChAdOx1, which contains the 
SARS-CoV-2 structural surface glycoprotein (spike 
protein; nCoV-19) gene, and was tested in a randomised, 
placebo controlled registration study in 11 636 patients, 
showing a 70% efficacy in preventing symptomatic 
COVID-19 infection.61 Ad26.COV2.S consists of a 
recombinant, replication-incompetent adenovirus 
serotype 26 (Ad26) vector encoding a full length and 
stabilised SARS-CoV-2 spike protein, and showed a 
67% effectiveness in the 19 630 patients in the phase 3 
randomised, placebo controlled trial.62 The second 
vaccine development method is based on an mRNA 
vaccine platform. BNT16b2 is a lipid nanoparticle-
formulated, nucleoside-modified RNA encoding the 
SARS-CoV-2 full-length spike, modified by two proline 
mutations to lock it in the prefusion conformation, 
which showed an efficacy of 95% in the 
43 548 participants included in the randomised 
controlled trial.63 mRNA-1273 is a lipid-nanoparticle 
encapsulated mRNA vaccine expressing the perfusion-
stabilised spike glycoprotein, with an efficacy of 94% in 
30 420 patients.57

Most people who received a vaccine in the context of 
these trials had local reaction such as pain and swelling 
at the injection site, erythema, or local lymphadenopathy. 
Systemic effects included headache, fatigue, myalgia, 
fever, and nausea.57,61,63,64 Notably, one systematic review 
showed that a third of the recipients of placebo in the 
COVID-19 vaccine trials reported at least one systemic 
adverse event after both the first and second dose.65 This 
nocebo response accounts for most systemic adverse 
events.65 However, serious adverse events occurred in 
less than 1% of the patients. A very rare side-effect of 
thrombosis in combination with thrombo cytopenia was 
reported in people who received ChAdOx1 nCoV-19 or 
Ad26.COV2.S; the report of side-effects has thus far not 
changed the EMA approval. Long-term effects and side-
effects of all vaccines have not yet been determined.

Information assessed in various surveys is available on 
the possible flares of systemic sclerosis at the time of 
COVID-19 vaccination in patients with rheumatic 
diseases.66–68 A survey including 2860 adults with 
rheumatic diseases, of whom 126 had systemic sclerosis, 
reported that flares requiring new or increased doses of 
medication occurred in 4·6% of the total population.66 A 
survey of 699 patients with systemic sclerosis showed that 
in 41 (6%) of the patients, at least one symptom of systemic 
sclerosis worsened after the first dose of the vaccine.67

COVID-19 vaccine immunogenicity can be assessed by 
measuring serum concentrations of IgG antibodies 
specific for spike protein or cellular T-cell reactivity via 
interferon-γ response to SARS-CoV-2 peptides. Antibody 
responses are reported as newly positive anti-spike 
protein IgG (seroconversion) or by antibody titres after 
vaccination. A prospective obser vational study in 
478 patients with systemic auto immune diseases, 
including 265 patients with systemic sclerosis, evaluated 
seroconversion after COVID-19 vaccination compared 
with 502 healthy people (ie, people with no systemic 
autoimmune diseases).69 In the patients, antibody 
concentrations were significantly lower than in the 
control group, and patients were more likely than 
controls to have no detectable anti-spike antibodies (13% 
vs 3%). In another study including 264 patients with a 
stable inflammatory rheumatic disease, of whom 50 had 
systemic sclerosis, non-response was reported in 14%.70 
Furthermore, a significantly lower percentage of patients 
with rheumatic diseases who were taking rituximab 
seroconverted in both studies.69,70 In an observational 
trial of 686 patients with autoimmune rheumatic 
diseases compared with the general pop ulation, 
vaccination with BNT162b2 resulted in 100% 
seroconversion in the control group compared with 
39% of the patients treated with rituximab, 
64% with mycophenolate mofetil, 71% with abatacept, 
77% with corticosteroids, and 92% with methotrexate.71 
In a retrospective study of 89 patients with rheumatic 
diseases treated with rituximab, a shorter time period 
between rituximab treatment and vaccination and 
persistent B-cell depletion in peripheral blood were risk 
factors for poor humoral responses to COVID-19 
vaccination.72 A prospective study in 74 patients with 
rheumatic diseases treated with rituximab showed 
seroconversion in 39% after two doses of COVID-19 
vaccine.73 The exact role and relative contribution of 
T-cell responses in generating vaccine efficacy has yet to 
be elucidated, but evidence indicates that specific T-cell 
responses could offer protection, even in the absence of 
a humoral response.74,75 In a prospective study in 
140 patients with rheumatic diseases or glomerular 
diseases treated with immunosuppressants, a T-cell 
response after two doses of COVID-19 vaccine was found 
in 83% of patients, and the response was preserved in 
patients treated with B-cell depleting agents. In 
74 patients, SARS-CoV-2 specific T-cell responses were 
detected in 58% of the patients after vaccination, 
independent of seroconversion.73,76 Several studies have 
shown that, in patients with rheumatic diseases, a third 
dose of COVID-19 vaccine is associated with an increased 
humoral response;77 as such, a third (and fourth)
vaccination is advised in patients treated with 
immunosuppression, especially B-cell depleting agents.77 
In patients with systemic sclerosis at risk of severe 
COVID-19 because of organ involvement or use of 
specific immunosuppressive drugs, including rituximab 
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and mycophenolate mofetil, early treatment with  
monoclonal antibodies (when available) should be 
considered, independent of vaccination status, to prevent 
hospitalisation or death.78 However, some of the 
monoclonal antibody therapies have been shown to be 
ineffective against the omicron variant.54,55

Current EULAR recommendations on COVID-19 
vaccination
The EULAR task force based its advice on knowledge 
available in November, 2021,79 at which time there was 
no evidence that patients with rheumatic diseases had 
higher rates of COVID-19-related mortality or intensive 
care admission. The demographic risk factors and 
comorbidities known to be associated with worse 
prognosis in the general population are also applicable 
to patients with rheumatic diseases, and no difference 
has been found between different rheumatic diseases. 
The recommendations consist of the advice to receive 
COVID-19 vaccination with any of the approved 
vaccines. Furthermore, patients are advised to continue 
their treatment unchanged, taking into account that 
some therapies have been associated with an increased 
risk of severe COVID-19.79 However, postponing 
treatment with rituximab, when feasible, should be 
considered to improve immunogenicity.71 Furthermore, 
current literature provides concerns regarding the use 
of rituximab, which seems to be associated with an 
increased risk of complications of COVID-19 and death, 
and switching to an alternative treatment should be 
considered.79 Although not yet included in the EULAR 
recommendations, a third COVID-19 vaccination and 
booster should be considered in patients treated with 
B-cell depleting therapy. Taking the available 
publications into account, vaccination against 
COVID-19 in patients with systemic sclerosis is 
recommended and immunosuppression should not be 
changed for the purpose of vaccination, albeit timing of 
vaccination is important for patients receiving 
rituximab. There is no preference for a particular 
vaccine platform, but as in the general population, 
long-term safety data could change this 
recommendation.

Conclusion
The COVID-19 pandemic is one of the biggest challenges 
of the 21st century. In addition to the general impact on 
society and health-care systems, patients with systemic 
sclerosis and their physicians face specific challenges. 
Several ongoing international initiatives contribute to 
increasing insights on the effect of COVID-19 on patients 
with systemic sclerosis. Data from registries and single 
centre cohorts indicate that the risk of contracting SARS-
CoV-2 does not seem to increase substantially in patients 
with systemic sclerosis. However, severe outcomes are 
more frequently observed in these patients than in the 
general population, specifically in patients with 
cardiopulmonary involvement, renal disease, and those 
treated with rituximab. The extent to which published data 
reflect outcomes of COVID-19 in real-world populations of 
people with systemic sclerosis remains to be established, 
as some registries might be subject to registration bias 
towards more severe cases. Management of acute 
COVID-19 in these patients should follow general 
guidelines, and in those with mild symptoms, 
immunosuppressive treatment should be continued.40 It is 
important that physicians realise that COVID-19 disease 
and systemic sclerosis share some manifestations to some 
extent, including pulmonary involvement and signs of 
microangiopathy, which can complicate differential 
diagnosis. Vaccination is highly recommended for patients 
with systemic sclerosis, and the data available to date 
support the safety and tolerability of COVID-19 vaccination 
in patients with systemic sclerosis in the short term. Both 
patients and physicians should be aware that the efficacy of 
vaccines might be lower in patients on immunosuppressive 
therapy, because antibody responses are blunted, 
specifically in patients treated with mycophenolate mofetil 
and B-cell targeted therapies.71 Whether these lower-than-
expected antibody concentrations translate into less 
protection from COVID-19 after vaccination remains 
unclear, as T-cell mediated immunity elicited by vaccination 
requires further study. For the near future, potential 
strategies to augment vaccine immunogenicity for patients 
with compromised immune responses are urgently 
awaited, because of the likelihood that COVID-19 will 
remain a worldwide threat in the coming years. The 
ongoing and perhaps biggest challenge is to continuously 
provide high-quality patient care for patients with chronic 
and severe conditions like systemic sclerosis, even when 
access to outpatient clinics and hospitals is severely 
restricted. New initiatives that enable remote monitoring 
can help to solve these challenges.3,80

Contributors
All authors contributed to the literature search, writing, and approved 
the final version of the Review.

Declaration of interests
A-MH-V reports research grants, consulting fees, and payment or 
honoraria for lectures, presentations, speakers bureaus, manuscript 
writing, or educational events from Actelion, ARXX Therapeutics, 
Boehringer Ingelheim, Roche, Bayer, Merck Sharp & Dohme (MSD), 
Lilly, and Medscape; and support for attending meetings or travel from 

Search strategy and selection criteria

The aim of this Review was to summarise the current 
evidence in terms of prevalence, impact, management, and 
vaccination of patients with systemic sclerosis during 
COVID-19. We identified references through searches of 
PubMed, with the search terms “COVID-19” and “systemic 
sclerosis”, from March 1, 2020 until March 1, 2022. We also 
identified articles through searches of the authors’ own files. 
Only papers published in English were reviewed. We 
generated the final reference list based on originality and 
relevance to the broad scope of this Review.



www.thelancet.com/rheumatology   Vol 4   August 2022 e573

Review

Actelion, Boerhinger Ingelheim, and Medscape. OD reports research 
grants from Kymera and Mitsubishi Tanabe; consultancy fees for 
scleroderma and its complications from AbbVie, Acceleron, Alcimed, 
Amgen, AnaMar, ARXX Therapeutics, Baecon, Blade, Bayer, Boehringer 
Ingelheim, Chemomb, Corbus, CSL Behring, Galapagos, Glenmark, 
GSK, Horizon (Curzion), Inventiva, iQvia, Kymera, Lupin, Medac, 
Medscape, Mitsubishi Tanabe, MSD, Roche, Roivant, Topadur, and UBC; 
speaker fees on scleroderma and related complications from Bayer, 
Boehringer Ingelheim, Medscape, Novartis, and Roche; and patent issued 
for mir-29 for the treatment of systemic sclerosis (US8247389 and 
EP2331143). CB reports grants or contracts from Fondazione Italiana per 
la Ricerca sull’Artrite (known as FIRA), research grant edition 2018; 
European Scleroderma Trial and Research (known as EUSTAR) in the 
form of a travel bursary research grant, edition 2019; New Horizon 
Fellowship in form of travel bursary research grant, edition 2019; 
Foundation for Research in Rheumatology (known as Foreum) in the 
form of an international fellowship grant, edition 2020; Gruppo Italiano 
lotta alla sclerodermia (known as GILS) in the form of a research grant, 
edition 2020; consulting fees from Boehringer-Ingelheim in 2020–21, and 
Eli-Lilly in 2019–21; and payment or honoraria for presentations from 
Actelion (Janssen) as honoraria in 2019, and Eli-Lilly as honoraria in 2021. 
CPD reports grants or contracts from Servier, Inventiva, ARRX 
Therapeutics, and GSK – all to institution; consulting fees from GSK, 
Boehringer Ingelheim, Roche, and CSL Behring; and payment or 
honoraria for lectures, presentations, speakers bureaus, manuscript 
writing, or educational events from Boehringer Ingelheim. MMC reports 
consulting fees from Chemomab and Nativita, and payment or honoraria 
for lectures, presentations, speakers bureaus, manuscript writing, or 
educational events from Biogen, Lilly, Pfizer, Galapagos, and Janssen. 
MCV reports grants or contracts from Boehringer Ingelheim, Actelion 
Pharmaceuticals, Ferrer, and Galapagos; consultancy fees from 
Boehringer Ingelheim, Corbus, and Janssen; payment or honoraria for 
lectures, presentations, speakers bureaus, manuscript writing, or 
educational events from Boehringer Ingelheim, Bristol-Myers Squibb, 
GSK, Janssen, MSD, Novartis, and Roche; and participation on a data 
safety monitoring board or advisory board from Corbus. JdV-B reports 
grants or contracts from Janssen, Cilag BV, Galapagos, ReumaNederland, 
NVLE (nederlandse vereniging voor lupus, APS, sclerodermie en MCTD; 
Dutch society for systemic lupus erythematosus, antiphospholipid 
syndrome, systemic sclerosis, and mixed connective tissue disease), and 
Health Holland; consulting fees from Abbvie and Boehringer-Ingelheim; 
and payment or honoraria for lectures, presentations, speakers bureaus, 
manuscript writing, or educational event from Janssen-Cilag and Bristol-
Myers Squibb. AG declares no competing interests.

References
1 Hughes M, Pauling JD, Moore A, Jones J. Impact of COVID-19 on 

clinical care and lived experience of systemic sclerosis: an 
international survey from EURORDIS-Rare Diseases Europe. 
J Scleroderma Relat Disord 2021; 6: 133–38.

2 Talarico R, Aguilera S, Alexander T, et al. The impact of COVID-19 
on rare and complex connective tissue diseases: the experience of 
ERN ReCONNET. Nat Rev Rheumatol 2021; 17: 177–84.

3 Denton CP, Campochiaro C, Bruni C, Distler O, Iagnocco A, 
Matucci Cerinic M. COVID-19 and systemic sclerosis: rising to the 
challenge of a pandemic. J Scleroderma Relat Disord 2021; 6: 58–65.

4 Peach E, Rutter M, Lanyon P, et al. Risk of death among people 
with rare autoimmune diseases compared with the general 
population in England during the 2020 COVID-19 pandemic. 
Rheumatology 2021; 60: 1902–09.

5 Gupta L, Kharbanda R, Agarwal V, Misra DP, Agarwal V. Patient 
perspectives on the effect of the SARS-CoV-2 pandemic on patients 
with systemic sclerosis: an international patient survey. 
J Clin Rheumatol 2021; 27: 31–33.

6 Hoffmann-Vold AM, Distler O, Murray B, Kowal-Bielecka O, 
Khanna D, Allanore Y. Setting the international standard for 
longitudinal follow-up of patients with systemic sclerosis: a Delphi-
based expert consensus on core clinical features. RMD Open 2019; 
5: e000826.

7 Hoffmann-Vold A-M, Maher TM, Philpot EE, et al. 
The identification and management of interstitial lung disease in 
systemic sclerosis: evidence-based European consensus statements. 
Lancet Rheumatol 2020; 2: e71–83.

8 Avouac J, Airó P, Carlier N, Matucci-Cerinic M, Allanore Y. Severe 
COVID-19-associated pneumonia in 3 patients with systemic 
sclerosis treated with rituximab. Ann Rheum Dis 2021; 80: e37.

9 Gordon JK, Showalter K, Wu Y, et al. Systemic sclerosis and 
COVID-19 vaccines: a SPIN Cohort study. Lancet Rheumatol 2022; 
4: e243–46.

10 Pellicano C, Campagna R, Oliva A, et al. Clin Rheumatol 2022; 
published online May 26. https://doi.org/10.1007/s10067-022-
06219-7.

11 Sampaio-Barros PD, Medeiros-Ribeiro AC, Luppino-Assad AP, 
et al. SARS-CoV-2 vaccine in patients with systemic sclerosis: 
impact of disease subtype and therapy. Rheumatology (Oxford) 
2022; 61: SI169–74.

12 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: 3195–204.

13 Del Papa N, Sambataro G, Minniti A, et al. Impact of COVID-19 
outbreak in an Italian cohort of patients with systemic sclerosis. 
Ther Adv Musculoskelet Dis 2020; 12: 1759720X20953356.

14 Ferri C, Giuggioli D, Raimondo V, et al. COVID-19 and systemic 
sclerosis: clinicopathological implications from Italian nationwide 
survey study. Lancet Rheumatol 2021; 3: e166–68.

15 Istituto Superiore di Sanità. COVID-19 integrated surveillance data 
in Italy. https://www.epicentro.iss.it/en/coronavirus/sars-cov-2-
dashboard (accessed June 28, 2022).

16 Shi C, Wang L, Ye J, et al. Predictors of mortality in patients with 
coronavirus disease 2019: a systematic review and meta-analysis. 
BMC Infect Dis 2021; 21: 663.

17 Dorjee K, Kim H, Bonomo E, Dolma R. Prevalence and predictors 
of death and severe disease in patients hospitalized due to 
COVID-19: a comprehensive systematic review and meta-analysis 
of 77 studies and 38,000 patients. PLoS One 2020; 15: e0243191.

18 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.

19 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.

20 Hoffmann-Vold AM, Brunborg C, Tirelli F, et al. POS0054 
The impact and outcome of COVID-19 on systemic sclerosis 
patients from the european scleroderma trial and research group 
(EUSTAR). Ann Rheum Dis 2021; 80 (suppl 1): 232–33.

21 Henry RS, Kwakkenbos L, Carrier M-E, et al. Mental health before 
and during the pandemic in people with systemic sclerosis. 
Lancet Rheumatol 2022; 4: e82–85.

22 Greco R, Alexander T, Burman J, et al. Hematopoietic stem cell 
transplantation for autoimmune diseases in the time of COVID-19: 
EBMT guidelines and recommendations. Bone Marrow Transplant 
2021; 56: 1493–508.

23 Khanna D, Lin CJF, Furst DE, et al. Tocilizumab in systemic 
sclerosis: a randomised, double-blind, placebo-controlled, phase 3 
trial. Lancet Respir Med 2020; 8: 963–74.

24 Gordon A, Mouncey PR, Al-Beidh F et al. Interleukin-6 receptor 
antagonists in critically ill patients with COVID-19. N Engl J Med 
2022, 384: 1491–1502.

25 Moezinia CJ, Ji-Xu A, Azari A, Horlick S, Denton C, Stratton R. 
Iloprost for COVID-19-related vasculopathy. Lancet Rheumatol 2020; 
2: e582–83.

26 Johansson PI, Søe-Jensen P, Bestle MH, et al. Prostacyclin in 
intubated patients with COVID-19 and severe endotheliopathy: 
a multicenter, randomized clinical trial. Am J Respir Crit Care Med 
2022; 205: 324–29.

27 Mehta P, Bunker CB, Ciurtin C, et al. Chilblain-like acral lesions in 
long COVID-19: management and implications for understanding 
microangiopathy. Lancet Infect Dis 2021; 21: 912.

28 Adams HJA, Kwee TC, Yakar D, Hope MD, Kwee RM. Systematic 
review and meta-analysis on the value of chest ct in the diagnosis of 
coronavirus disease (COVID-19): Sol Scientiae, Illustra Nos. 
AJR Am J Roentgenol 2020; 215: 1342–50.

29 Orlandi M, Landini N, Sambataro G, et al. The role of chest CT in 
deciphering interstitial lung involvement: systemic sclerosis versus 
COVID-19. Rheumatology 2022; 61: 1600–09.



e574 www.thelancet.com/rheumatology   Vol 4   August 2022

Review

30 Hoffmann-Vold A-M, Allanore Y, Alves M, et al. Progressive 
interstitial lung disease in patients with systemic sclerosis-
associated interstitial lung disease in the EUSTAR database. 
Ann Rheum Dis 2021; 80: 219–27.

31 Drake TM, Docherty AB, Harrison EM, et al. Outcome of 
hospitalization for covid-19 in patients with interstitial lung disease. 
an international multicenter study. Am J Respir Crit Care Med 2020; 
202: 1656–65.

32 Esposito AJ, Menon AA, Ghosh AJ, et al. Increased odds of death 
for patients with interstitial lung disease and COVID-19: a case-
control study. Am J Respir Crit Care Med 2020; 202: 1710–13.

33 Thomas C, Naudin M, Tasu J-P, et al. Efficacy of chest CT scan for 
COVID-19 diagnosis in a low prevalence and incidence region. 
Eur Radiol 2021; 31: 8141–46.

34 Schalekamp S, Bleeker-Rovers CP, Beenen LFM, et al. Chest CT in 
the emergency department for diagnosis of COVID-19 pneumonia: 
Dutch experience. Radiology 2021; 298: E98–106.

35 Cheng Z, Lu Y, Cao Q, et al. Clinical features and chest CT 
manifestations of coronavirus disease 2019 (COVID-19) in a single-
center study in Shanghai, China. AJR Am J Roentgenol 2020; 
215: 121–26.

36 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.

37 Mihai C, Dobrota R, Schröder M, et al. COVID-19 in a patient with 
systemic sclerosis treated with tocilizumab for SSc-ILD. 
Ann Rheum Dis 2020; 79: 668–69.

38 Simpson S, Kay FU, Abbara S, et al. Radiological Society of North 
America expert consensus document on reporting chest CT 
findings related to COVID-19: endorsed by the Society of Thoracic 
Radiology, the American College of Radiology, and RSNA. 
Radiol Cardiothorac Imaging 2020; 2: e200152.

39 Nihtyanova SI, Denton CP. Pathogenesis of systemic sclerosis 
associated interstitial lung disease. J Scleroderma Relat Disord 2020; 
5 (suppl): 6–16.

40 Matucci-Cerinic M, Hughes M, Taliani G, Kahaleh B. Similarities 
between COVID-19 and systemic sclerosis early vasculopathy: 
A “viral” challenge for future research in scleroderma. 
Autoimmun Rev 2021; 20: 102899.

41 Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19 
syndrome. Nat Med 2021; 27: 601–15.

42 Matucci-Cerinic M, Bruni C, Allanore Y, et al. Systemic sclerosis and 
the COVID-19 pandemic: World Scleroderma Foundation preliminary 
advice for patient management. Ann Rheum Dis 2020; 79: 724–26.

43 Landewé RB, Machado PM, Kroon F, et al. EULAR provisional 
recommendations for the management of rheumatic and 
musculoskeletal diseases in the context of SARS-CoV-2. 
Ann Rheum Dis 2020; 79: 851–58.

44 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 3. 
Arthritis Rheumatol 2021; 73: e1–12.

45 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.

46 Guan W-J, Ni Z-Y, Hu Y, et al. Clinical characteristics of Coronavirus 
disease 2019 in China. N Engl J Med 2020; 382: 1708–20.

47 Horby P, Lim WS, Emberson JR, et al. Dexamethasone in 
hospitalized patients with Covid-19. N Engl J Med 2021; 
384: 693–704.

48 RECOVERY Collaborative Group. Tocilizumab in patients admitted 
to hospital with COVID-19 (RECOVERY): a randomised, controlled, 
open-label, platform trial. Lancet 2021; 397: 1637–45.

49 Trang G, Steele R, Baron M, Hudson M. Corticosteroids and the 
risk of scleroderma renal crisis: a systematic review. Rheumatol Int 
2012; 32: 645–53.

50 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the 
treatment of COVID-19 - final Report. N Engl J Med 2020; 
383: 1813–26.

51 Weinreich DM, Sivapalasingam S, Norton T, et al. REGEN-COV 
antibody combination and outcomes in outpatients with 
COVID-19. N Engl J Med 2021; 385: e81.

52 Lee JY, Lee JY, Ko JH, et al. Effectiveness of regdanvimab treatment 
in high-risk COVID-19 patients to prevent progression to severe 
disease. Front Immunol 2021; 12: 772320.

53 Gupta A, Gonzalez-Rojas Y, Juarez E, et al. Early treatment for 
COVID-19 with SARS-CoV-2 neutralizing antibody sotrovimab. 
N Engl J Med 2021; 385: 1941–50.

54 Iketani S, Liu L, Guo Y, et al. Antibody evasion properties of the 
SARS-CoV-2 omicron sublineages. Nature 2022; 604: 553–56.

55 Hirsch C, Park YS, Piechotta V, et al. SARS-CoV-2-neutralising 
monoclonal antibodies to prevent COVID-19. 
Cochrane Datbase Syst Rev 2022; 6: CD014945.

56 Moiseev S, Avdeev S, Brovko M, et al. Rheumatic diseases in intensive 
care unit patients with COVID-19. Ann Rheum Dis 2021; 80: e16.

57 Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the 
mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021; 384: 403–16.

58 WHO. COVID-19 vaccines. Geneva: World Health Organization. 
www.WHO.int/news-room/covid-19-vaccines (accessed 
June 28, 2022).

59 Bijlsma JW. EULAR December 2020 View points on SARS-CoV-2 
vaccination in patients with RMDs. Ann Rheum Dis 2021; 80: 411–12.

60 Palacios R, Patiño EG, de Oliveira Piorelli R, et al. Double-blind, 
randomized, placebo-controlled phase III clinical trial to evaluate 
the efficacy and safety of treating healthcare professionals with the 
adsorbed COVID-19 (Inactivated) vaccine manufactured by sinovac - 
PROFISCOV: a structured summary of a study protocol for a 
randomised controlled trial. Trials 2020; 21: 853.

61 Voysey M, Clemens SAC, Madhi SA, et al. Safety and efficacy of 
the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: 
an interim analysis of four randomised controlled trials in Brazil, 
South Africa, and the UK. Lancet 2021; 397: 99–111.

62 Sadoff J, Gray G, Vandebosch A, et al. Safety and efficacy of a single-
dose Ad26.COV2.S vaccine against COVID-19. N Engl J Med 2021; 
384: 2187–2201.

63 Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the 
BNT162b2 mRNA COVID-19 vaccine. N Engl J Med 2020; 
383: 2603–15.

64 Sadoff J, Le Gars M, Shukarev G, et al. Interim results of a 
phase 1-2a trial of Ad26.COV2.S COVID-19 vaccine. N Engl J Med 
2021; 384: 1824–35.

65 Haas JW, Bender FL, Ballou S, et al. Frequency of adverse events in 
the placebo arms of COVID-19 vaccine trials: a systematic review 
and meta-analysis. JAMA Netw Open 2022; 5: e2143955.

66 Sattui SE, Liew JW, Kennedy K, et al. Early experience of COVID-19 
vaccination in adults with systemic rheumatic diseases: results 
from the COVID-19 Global Rheumatology Alliance vaccine survey. 
RMD Open 2021; 7: e001814.

67 Gordon JK, Showalter K, Wu Y, et al. Systemic sclerosis and 
COVID-19 vaccines: a SPIN Cohort study. Lancet Rheumatol 2022; 
4: e243–46.

68 Machado PM, Lawson-Tovey S, Strangfeld A, et al. Safety of 
vaccination against SARS-CoV-2 in people with rheumatic and 
musculoskeletal diseases: results from the EULAR coronavirus 
vaccine (COVAX) physician-reported registry. Ann Rheum Dis 2021; 
81: 695–709.

69 Ferri C, Ursini F, Gragnani L, et al. Impaired immunogenicity to 
COVID-19 vaccines in autoimmune systemic diseases. High 
prevalence of non-response in different patients’ subgroups. 
J Autoimmun 2021; 125: 102744.

70 Braun-Moscovici Y, Kaplan M, Braun M, et al. Disease activity and 
humoral response in patients with inflammatory rheumatic 
diseases after two doses of the Pfizer mRNA vaccine against 
SARS-CoV-2. Ann Rheum Dis 2021; 80: 1317–21.

71 Furer V, Eviatar T, Zisman D, et al. Immunogenicity and safety of 
the BNT162b2 mRNA COVID-19 vaccine in adult patients with 
autoimmune inflammatory rheumatic diseases and in the general 
population: a multicentre study. Ann Rheum Dis 2021; 80: 1330–38.

72 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; 80: 1357–59.

73 Mrak D, Tobudic S, Koblischke M, et al. SARS-CoV-2 vaccination in 
rituximab-treated patients: B cells promote humoral immune 
responses in the presence of T-cell-mediated immunity. 
Ann Rheum Dis 2021; 80: 1345–50.



www.thelancet.com/rheumatology   Vol 4   August 2022 e575

Review

74 Schwarzkopf S, Krawczyk A, Knop D, et al. Cellular immunity in 
COVID-19 convalescents with PCR-confirmed infection but with 
undetectable SARS-CoV-2-specific IgG. Emerg Infect Dis 2021; 
27: 122–29.

75 Friedman MA, Curtis JR, Winthrop KL. Impact of disease-
modifying antirheumatic drugs on vaccine immunogenicity in 
patients with inflammatory rheumatic and musculoskeletal 
diseases. Ann Rheum Dis 2021; 80: 1255–65.

76 Prendecki M, Clarke C, Edwards H, et al. Humoral and T-cell 
responses to SARS-CoV-2 vaccination in patients receiving 
immunosuppression. Ann Rheum Dis 2021; 80: 1322–29.

77 Aikawa NE, Kupa LDVK, Medeiros-Ribeiro AC, et al. Increment of 
immunogenicity after third dose of a homologous inactivated 
SARS-CoV-2 vaccine in a large population of patients with 
autoimmune rheumatic diseases. Ann Rheum Dis 2022; published 
online March 11. https://doi.org/10.1136/annrheumdis-2021-222096.

78 Weinreich DM, Sivapalasingam S, Norton T, et al. REGN-COV2, 
a neutralizing antibody cocktail, in outpatients with COVID-19. 
N Engl J Med 2021; 384: 238–51.

79 Kroon FPB, Najm A, Alunno A, et al. Risk and prognosis of 
SARS-CoV-2 infection and vaccination against SARS-CoV-2 in 
rheumatic and musculoskeletal diseases: a systematic literature 
review to inform EULAR recommendations. Ann Rheum Dis 2021; 
81: 422–32.

80 Moor CC, Van Leuven SI, Wijsenbeek MS, Vonk MC. Feasibility of 
online home spirometry in systemic sclerosis–associated interstitial 
lung disease: a pilot study. Rheumatology 2021; 60: 2467–71.

Copyright ©2022 Elsevier Ltd. All rights reserved.


	Systemic sclerosis in the time of COVID-19
	Introduction
	The current landscape
	Prevalence of COVID-19 in systemic sclerosis
	Impact on mortality and prognosis

	Impact on the care of patients with systemic sclerosis
	COVID-19 and clinical manifestations of systemic sclerosis
	Vasculopathy
	COVID-19 lung disease and systemic sclerosis ILD
	Post-COVID syndrome

	Management of a patient with systemic sclerosis and COVID-19
	Recommendations for the management of systemic sclerosis
	Management of acute COVID-19 in patients with systemic sclerosis
	COVID-19 vaccination in patients with systemic sclerosis
	Current EULAR recommendations on COVID-19 vaccination

	Conclusion
	References


