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ABSTRACT

Objective: To describe disease-modifying antirheumatic drug (DMARD) disruption, rheumatic disease flare/activity, and prolonged COVID-19 symptom duration
among COVID-19 survivors with systemic autoimmune rheumatic diseases (SARDs).

Methods: We surveyed people with pre-existing SARDs who had confirmed COVID-19 at Mass General Brigham to investigate post-acute sequelae of COVID-19. We
obtained data on demographics, clinical characteristics, COVID-19 symptoms/course, and patient-reported measures. We examined baseline predictors of prolonged
COVID-19 symptom duration (defined as lasting >28 days) using logistic regression.

Results: We analyzed surveys from 174 COVID-19 survivors (mean age 52 years, 81% female, 80% White, 50% rheumatoid arthritis) between March 2021 and
January 2022. Fifty-one percent of 127 respondents on any DMARD reported a disruption to their regimen after COVID-19 onset. For individual DMARDs, 56-77%
had any change, except for hydroxychloroquine (23%) and rituximab (46%). SARD flare after COVID-19 was reported by 41%. Global patient-reported disease
activity was worse at the time of survey than before COVID-19 (mean 6.6+2.9 vs. 7.6+2.3, p<0.001). Median time to COVID-19 symptom resolution was 25 days
(IQR 11, 160). Prolonged symptom duration of >28 days occurred in 45%. Hospitalization for COVID-19 (OR 3.54, 95%CI 1.27-9.87) and initial COVID-19 symptom
count (OR 1.38 per symptom, 95%CI 1.17-1.63) were associated with prolonged symptom duration. Respondents experiencing prolonged symptom duration had
higher RAPID3 scores (p=0.007) and more pain (p<0.001) and fatigue (p=0.03) compared to those without prolonged symptoms.

Conclusion: DMARD disruption, SARD flare, and prolonged COVID-19 symptom duration were common in this prospective study of COVID-19 survivors, suggesting
substantial impact on SARDs after acute COVID-19.

Introduction

People with systemic autoimmune rheumatic diseases (SARDs) may
have higher risk for severe outcomes during the acute course of coro-
navirus disease 2019 (COVID-19) [1-4]. However, there have been few
investigations about the clinical course of COVID-19 survivors with
SARDs following the acute clinical course. Decisions made to modify
SARD treatment regimens in the setting of acute COVID-19 and direct
effects of SARS-CoV-2 infection may impact disease control of the un-
derlying SARD [5, 6].
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After the resolution of the acute phase of COVID-19, a subset of
people experience persistent symptoms of COVID-19 and a decline in
quality of life for many weeks to months, collectively referred to as post-
acute sequelae of COVID-19 (PASC, or colloquially as “long COVID”)
[7-9]. The continued high rates of transmission, morbidity, and mor-
tality experienced during the global pandemic as new variants emerge
emphasize the public health need to better understand the long-term
implications of COVID-19 [10]. Particular attention should be given to
participants with SARDs who may be vulnerable to PASC given shared
features of acute SARS-CoV-2 infection and SARDS, including systemic
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inflammation, autoimmunity, hypercoagulability, and fibrosis.

In this prospective, multi-center study, we aimed to describe the
impact of COVID-19 on SARD participants after resolution of acute
infection, including immunosuppressive medication disruption, rheu-
matic disease flare/activity, and prolonged duration of COVID-19
symptoms using surveys administered to SARD participants systemati-
cally confirmed to have had confirmed COVID-19 and survived.

Methods
Study population

We systematically identified all SARD patients with SARS-CoV-2
confirmed by PCR, nucleocapsid antibody, or antigen testing (from
March 1, 2020 to November 3, 2021 for this analysis) at Mass General
Brigham (MGB) HealthCare system in the greater Boston, Massachusetts
area, as previously described [2, 9, 11-14]. This was supplemented by
referrals from rheumatologists of participants who were diagnosed with
COVID-19 outside of the MGB system. These patients informed their
MGB rheumatologist about a new COVID-19 diagnosis (e.g., home rapid
antigen test or test from a local clinic/hospital) by phone, patient portal,
or during clinic encounter. The MGB rheumatologist informed study
staff about the case and recruitment was initiated in the same manner as
for those who were identified through electronic query of COVID-19
positive tests in the MGB system. Presence of prevalent SARD and
SARS-CoV-2 were confirmed by medical record review prior to invita-
tion to enroll in this prospective study. As in our previous studies, we
excluded participants only being treated for osteoarthritis, fibromyalgia,
mechanical back pain, gout, or pseudogout since these conditions are
not typically treated with systemic immunomodulators and are often
managed by non-rheumatologists [2, 9, 11-14]. Thus, all patients
included had a confirmed SARD diagnosis with laboratory-confirmed
COVID-19.

Prospective study on sequelae of COVID-19

We invited all SARDs participants with confirmed COVID-19 to
participate in a prospective, longitudinal study, COVID-19 and Rheu-
matic Diseases (RheumCARD), to collect surveys and biospecimens.
Potential participants (excluding those who died from COVID-19) were
contacted either via secure online participant portal or US mail to
determine willingness to participate in the study. The initial invitations
were sent on March 11, 2021. The recruitment material and surveys
were made available in Spanish starting October 12, 2021. Invitations to
RheumCARD were sent out approximately once per month on a rolling
basis as newly infected SARD participants with confirmed COVID-19
were identified. Patients were initially sent a research invitation
through the MGB patient portal or US Mail letter with a link to the online
survey at least 28 days after initial positive COVID-19 test. If there was
no response, research assistants called and/or sent a secure email up to
three times until the patient confirmed they expressed they were not
interested or 180 days had elapsed, at which time the patient was
deemed a non-responder. This study analyzed the RheumCARD baseline
survey that collected data related to demographics, baseline clinical
characteristics, COVID-19 symptoms and disease course, COVID-19
vaccination status, and SARD medications before and after COVID-19.
The study was approved by the Mass General Brigham Institutional
Review Board.

Demographics, SARD characteristics, comorbidities, and COVID-19 course

Demographics assessed in the survey included age, sex, and race/
ethnicity. Data on smoking status at the time of survey (never, past,
current) were collected. Participant-reported comorbidities included
obesity, hypertension, asthma, obstructive sleep apnea, coronary artery
disease, diabetes, heart failure, chronic kidney disease, chronic
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obstructive pulmonary disease, peptic ulcer disease, pulmonary hyper-
tension, solid tumor, stroke, acquired immunodeficiency syndrome,
cirrhosis, dementia, hemiplegia, interstitial lung disease/pulmonary
fibrosis, leukemia, lymphoma, and peripheral vascular disease. The
comorbidity count was derived as the sum of these comorbidities that
were assessed in the survey.

Dates of positive SARS-CoV-2 test and COVID-19 symptom onset
were collected on the survey. Symptoms assessed in the survey included:
fever, sore throat, new cough, nasal congestion/rhinorrhea, dyspnea,
chest pain, rash, myalgias, fatigue/malaise, headache, nausea/vomiting,
diarrhea, anosmia, dysgeusia, and joint pain. The COVID-19 initial
symptom count was defined as the sum of these symptoms assessed at
time of survey. Acute COVID-19 course, including treatment (gluco-
corticoids, remdesivir, neutralizing monoclonal antibodies to SARS-
CoV-2, or clinical trial enrollment), hospitalization, supplemental oxy-
gen, and mechanical ventilation were obtained by survey. Time to
COVID-19 symptom resolution, type of persistent symptoms (same list as
assessed from initial symptoms), and vaccination status (before infec-
tion, after infection, declined, and planning to receive) at time of survey
were also assessed by self-report.

We also assessed for baseline glucocorticoid and DMARD use at the
time of COVID-19 diagnosis. Immunomodulator medications included
conventional synthetic (cs) DMARDs (methotrexate, hydroxy-
chloroquine, sulfasalazine, azathioprine, leflunomide, mycophenolate
mofetil), tumor necrosis factor inhibitors (TNFi: adalimumab, certoli-
zumab pegol, etanercept, golimumab, infliximab), rituximab, usteki-
numab, tocilizumab, abatacept, secukinumab, belimumab, apremilast,
upadacitinib, tofacitinib, and intravenous immunoglobulin. Participants
also reported the following characteristics about changes in DMARDs
around COVID-19 diagnosis for each medication: temporarily stopped,
continued, increased dose, decreased dose, and decreased frequency.

SARD activity/flare, pain, fatigue, functional status, respiratory quality of
life, and depression

Participants were asked whether their underlying SARD flared after
COVID-19. For those who flared, the timing after COVID-19 was also
obtained (<1, 1-4, 4-12, or >12 weeks). A global assessment of rheu-
matic disease activity was also obtained where O represented “very
poor” and 10 represented “very well” disease control. Participants rated
their disease activity just prior to COVID-19 onset as well as at the time
of survey.

The survey included several validated survey instruments to collect
information on SARD activity, pain, fatigue, quality of life, and respi-
ratory symptoms. The Routine Assessment of Participant Index Data 3
(RAPID3) was used to assess SARD activity, validated for RA [15]. A
score was calculated to indicate level of disease activity, as previously
described (0 [remission], 0.3-1.0 [near remission], 1.3-2.0 [low
severity], 2.3-4.0 [moderate severity], 4.3-10.0 [high severity]) [16].
The visual analog and rank value scales from the Short-Form McGill Pain
Questionnaire (SF-MPQ) were utilized to assess respondents’ pain [17].
Fatigue was quantified using the Fatigue Symptom Inventory (FSI) [18].
Participants completed the modified Health Assessment Questionnaire
(mHAQ) to assess functional status [19]. Scores were divided into cat-
egories based on severity of impairment (<1.3 mild, 1.3-1.8 moderate,
>1.8 severe), as previously described [20]. The St. George’s Respiratory
Questionnaire (SGRQ) was used to measure respiratory quality of life
[21]. We calculated the global score as well as individual SGRQ com-
ponents for symptoms, activity, and impact, as previously described
[21]. We measured depression through an item on the Short-form
12-item survey (SF-12) [22], dichotomizing this as “feeling
down-hearted and blue” some of the time or more often.

Prolonged symptom duration definition

As in general population studies, prolonged symptom duration (or
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PASC) was defined either as those suffering from COVID-19 symptoms
persistently for 28 or more days, or those whose symptoms initially
resolved (or were not initially present) but then recurred/developed 28
or more days after COVID-19 onset, as defined by the US Centers for
Disease Control and Prevention (CDC) [23, 24].

Statistical analysis

We used descriptive statistics to summarize variables. All data in this
analysis were collected by survey administration, with the exception of
the analysis comparing demographics and hospitalization status for
survey responders and non-responders, in which data was collected from
the electronic health record. We analyzed the entire study sample and
also stratified by presence/absence of prolonged COVID-19 symptom
duration of at least 28 days (i.e., PASC). We compared characteristics of
acute COVID-19 course, persistent COVID-19 symptoms/duration,
SARD flare/activity, RAPID-3 scores, SF-MPQ scores, FSI scores, and
SGRQ scores. For categorical variables, we obtained p values using chi-
square or Fisher’s exact (for variables with low cell sizes) tests. Wilcoxon
rank-sum test was used to obtain p values for continuous variables. The
Wilcoxon signed rank test was used to assess for a difference in
participant-reported SARD control, comparing participant global
assessment before COVID-19 onset to the time of survey.

Unadjusted logistic regression was performed to estimate odds ratios
(ORs) and 95% confidence intervals (CIs) for prolonged symptom
duration by baseline factors. We considered demographic variables and
any baseline (i.e., at COVID-19 onset) variables with p values <0.1 on
univariate testing. We considered the initial COVID-19 symptom count
rather than specific symptoms since several were associated in unad-
justed analyses. Multivariable models additionally adjusted for age, sex,
race, smoking, and comorbidity count. Since the initial recruitment
wave in early 2021 included some patients who had been diagnosed
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with COVID-19 up to one year earlier, we performed a sensitivity
analysis to evaluate the symptom duration in participants who
completed the survey between 28 and 365 days after COVID-19 onset.
All analyses were performed using SAS v.9.4 (Cary, NC). We considered
two-sided p<0.05 as statistically significant.

Results
Demographics and clinical characteristics

As of January 5, 2022, 670 surveys were sent to SARD participants
confirmed to have survived COVID-19. We analyzed survey responses
from 174 participants (response rate 26%) who completed the survey
(Figure 1). Female sex and White race were associated with increased
likelihood to respond to the survey (Supplemental Table 1). A smaller
proportion of responders were hospitalized compared to non-
responders, but this was not statistically significant (18% vs. 25%,
p=0.085).

Mean age and standard deviation (SD) for the sample was 52 + 16
years (Table 1). Most respondents were female (81%), White (80%), and
had never smoked (72%). The most common SARD was RA (40%), fol-
lowed by SLE (14%) and PsA (12%). The most common comorbidities
were obesity (22%), hypertension (20%), and asthma (14%).

Acute COVID-19 course

The median time from COVID-19 onset to survey response was 230
[165, 360] days. (Table 2). The most common acute symptoms were
fatigue/malaise (72%), fever (60%), and headache (60%). Significantly
more participants with vs. without prolonged symptoms experienced
fatigue (87% vs. 59%, p<0.001), fever (73% vs. 49%, p=0.001), head-
ache (76% vs. 47%, p<0.001), myalgias (74% vs. 42%, p<0.001),

November 3, 2021 (n=749)

SARD patients with confirmed SARS-CoV-2 infection
at Mass General Brigham between March 1, 2020 to

Y _

Excluded deceased patients (n=18)

Excluded due to preferred language other

v

than English or Spanish (n=18)

Excluded for other reasons:
-Treating physician opt-out (n=27)

-Opted out of all research invitations (n=10)
-Unable to provide consent (n=5)
-Age <18 years (n=1)

January 5, 2022 (n=670)

Invitations sent to participate in RheumCARD as of

»| Declined to participate (n=25) |

={ No response to invitation or calls (n=471) |

Analyzed study sample: SARD patients with

RheumCARD survey (n=174)

confirmed SARS-CoV-2 infection who completed

Fig. 1. Flow chart describing recruitment and analyzed study sample. RheumCARD, COVID-19 in Autoimmune Rheumatic Disease; SARD, systemic autoimmune

rheumatic disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 1
Demographics and clinical characteristics of COVID-19 survivors with SARDs
who provided survey data (n=174).
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Table 2
Acute COVID-19 course and vaccination status for the entire study sample, and
for those with and without prolonged symptom duration.

Age at time of survey in years, mean + SD 52 £ 16
Female, n (%) 140 (81)
Race, n (%)
White 139 (80)
Black 17 (10)
Asian 9 (5)
Other 7 (4)
Hispanic or Latinx ethnicity, n (%) 18 (10)
Smoking status®, n (%)
Never 125 (72)
Past 47 (27)
Current 1(<D)
Type of SARD**, n (%)
Rheumatoid arthritis 69 (40)
Systemic lupus erythematosus 25(14)
Psoriatic arthritis 21 (12)
Sjogren’s syndrome 10 (6)
Axial spondyloarthritis 9(5)
Polymyalgia rheumatica 8(5)
ANCA-associated vasculitis 6 (3)
Mixed connective tissue disease 5(3)
Inflammatory myositis 3(2)
Juvenile idiopathic arthritis 3(2
Systemic sclerosis 2(1)
Sarcoidosis 2(1)
Baseline glucocorticoid use at COVID-19 onset, n (%) 29 (18)
Dose in daily mg of prednisone equivalents, median [IQR] 9.5 [5, 13.5]
Comorbidities***, n (%)
Obesity 39 (22)
Hypertension 35 (20)
Asthma 25 (14)
Obstructive sleep apnea 16 (9)
Coronary artery disease 12 (7)
Diabetes 11 (6)
Heart failure 5(@3)
Chronic kidney disease 5(3)
Chronic obstructive pulmonary disease 3(2)
Interstitial lung disease/pulmonary fibrosis 3@
Solid tumor 3(2)
Comorbidity count”, median [IQR] 1[0, 2]

ANCA, anti-neutrophil cytoplasmic antibody; COVID-19, coronavirus disease
2019; IQR, interquartile range; SARD, systemic autoimmune rheumatic disease;
SD, standard deviation.

" Smoking status was missing for 1 participant.

" Other SARDs included IgG4-related disease, undifferentiated connective
tissue disease, giant cell arteritis (each n=1).

" Other comorbidities included peptic ulcer disease, pulmonary hyperten-
sion, stroke, and dementia (each n=2).

# Defined as the sum of comorbidities assessed in the survey.

anosmia (56% vs. 33%, p=0.002), dysgeusia (60% vs. 23%, p<0.001),
and dyspnea (44% vs. 21%, p=0.001). Those with symptoms >28 days
exhibited a significantly higher median initial symptom count (7 [6, 9]
vs. 4 [2, 7], p<0.001).

The group with prolonged symptoms had higher proportions of
hospitalization (28% vs. 9%, p=0.001) as well as hospitalization with
supplemental oxygen (14% vs. 4%, p=0.020). Those with prolonged
symptom duration were also more likely to have received high-dose
glucocorticoids (14% vs. 2%, p=0.003) and remdesivir (14% vs. 0%,
p<0.001) to treat COVID-19. Most participants received COVID-19
vaccination after infection (79% vs. 80%, p=0.43). Sixteen partici-
pants reported breakthrough infection occurring after COVID-19
vaccination.

Immunosuppressive medication use and disruption after COVID-19

Eighteen percent of participants reported taking glucocorticoids at
COVID-19 onset (median [IQR] daily prednisone-equivalents of 9.5 mg
[5, 13.5]. DMARDs were prescribed to most respondents at time of
survey (153 DMARDs prescribed among 127 unique participants;

All SARD Prolonged No p-value
participants symptom prolonged
(n=174) duration symptom
28+ days duration
(n=78) (n=96)
COVID-19 symptom 230 [165, 243 [164, 213 [168, 0.65
onset to survey 360] 343] 367]
response in days,
median [IQR]
Initial COVID-19
symptoms, n (%)
Fatigue/malaise 125 (72) 68 (87) 57 (59) <0.001
Fever 104 (60) 57 (73) 47 (49) 0.001
Headache 104 (60) 59 (76) 45 (47) <0.001
Myalgias 98 (56) 58 (74) 40 (42) <0.001
Nasal congestion 78 (45) 41 (53) 37 (39) 0.064
or rhinorrhea
Cough 76 (44) 40 (51) 36 (38) 0.068
Anosmia 76 (44) 44 (56) 32(33) 0.002
Dysgeusia 69 (40) 47 (60) 22(23) <0.001
Sore throat 61 (35) 33 (42) 28 (29) 0.071
Dyspnea 54 (31) 34 (49 20 (21) 0.001
Chest pain 39 (22) 20 (26) 19 (20) 0.36
Nausea or 28 (16) 15 (19) 13 (14) 0.31
vomiting
Joint pain 18 (10) 10 (13) 8(8) 0.33
New rash, hives, 11 (6) 7(9) 4(4) 0.20
or blisters
None 19 (11) 12 (15) 7 (7) 0.089
Initial symptom 6 [3, 8] 7 [6, 91 412,71 <0.001
count, median
[IQR]
Acute COVID-19
treatment, n (%)
High-dose 13 (7) 11 (14) 2(2) 0.003
glucocorticoids
(including
dexamethasone)
Remdesivir 11 (6) 11 (14) 0 (0) <0.001
Monoclonal 14 (8) 5(6) 9(9) 0.47
antibody
Clinical trial drug 4(2) 34 1(1) 0.33
vs. placebo
COVID-19 severity, 0.021
n (%)
Not hospitalized 136 (82) 56 (72) 80 (91) 0.001
Hospitalized 13 (8) 9 (12) 44 0.066
without
supplemental
oxygen
requirement
Hospitalized with 15 (9) 11 (14) 4(4) 0.020
supplemental
oxygen
Hospitalized with 2 (1) 2(3) 0 (0) 0.20
mechanical
ventilation
COVID-19 0.43
vaccination status
at time of survey*,
n (%)
Received vaccine 16 (9) 7 (9) 9 (9)
prior to SARS-
CoV-2 infection
Received vaccine 123 (71) 55 (71) 68 (71)
after SARS-CoV-2
infection
Decided against 9 (5) 7 (9) 2(2)
vaccine
Plan to receive 6(3) 3(4) 3(3)
vaccine when
available

COVID-19, coronavirus disease 2019; SARD, systemic autoimmune rheumatic
disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Bolding indicates p<0.05.
*Vaccination status was missing for n=10 participants.

Figure 2). Over half (65/127, 51%) of patients on any DMARDs made
any change, mostly temporarily stopping (49/127, 39%), followed by
stretching the dosing interval (10/127, 8%), decreasing the dose (5/127,
4%), and starting a new DMARD (2/127, 2%). When analyzing indi-
vidual medications, most had high rates of disruption. For example,
TNFi was disrupted in 27/35 (77%) and methotrexate in 24/32 (75%).
However, hydroxychloroquine was disrupted in only 6/23 (23%) and
rituximab in only 6/13 (46%). After excluding hydroxychloroquine, 30/
42 (71%) of csDMARDs were disrupted. After excluding rituximab, 38/
52 (73%) of bDMARDs were disrupted.

Lingering COVID-19 symptoms and SARD activity after SARS-CoV-2
infection

The median symptom duration (or to date of survey completion for
those with ongoing symptoms) in all participants was 25 days (IQR 11,
160; Table 3). There were 78 participants (45%) that met the CDC
definition for prolonged symptom duration (28 or more days after
COVID-19 onset). Those with prolonged symptom duration had a me-
dian of 161 [60, 291] days of COVID-19 symptom duration compared to
11 [7, 14] for those without prolonged symptom duration (p<0.0001).
The most common persistent symptoms among 54 participants with
prolonged duration were fatigue (27%), anosmia (18%), dysgeusia
(17%), dyspnea (12%), and nasal congestion (12%).

In a sensitivity analysis, we included 105 participants who responded
to the survey in the 28- to 365-day window after COVID-19 onset. The
median symptom duration was 25 days [IQR 11, 191]. There were 52
participants (50%) who met the CDC definition for prolonged symptom
duration. Those with prolonged symptom duration had a median of 193
[95, 285] days of COVID-19 symptom duration compared to 11 [7, 14]
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for those without prolonged symptom duration (p<0.001). Participants
experienced significantly worse rheumatic disease control after (mean +
SD global assessment of disease activity 6.6 + 2.9) compared to before
COVID-19 (7.6 £ 2.3) (p<0.001; higher scores indicating better self-
reported disease control). Forty-one percent of respondents reported
SARD flare after COVID-19, with most occurring 1-4 weeks after diag-
nosis (44%). The median RAPID3 score (higher scores indicating higher
disease activity) for the group with prolonged symptom duration was
11.2 [6.3, 15.7] compared to 7.3 [3.3, 13] for the group without pro-
longed symptom duration (p=0.0067).

Predictors of prolonged COVID-19 symptom duration

In the unadjusted logistic regression model, hospitalization and
symptom count had ORs of 3.93 (95% confidence interval [CI] 1.63-
9.46) and 1.33 (per symptom, 95%CI 1.19, 1.49) for prolonged symp-
tom duration, respectively (Supplemental Table 2). In the multivari-
able model, hospitalization for COVID-19 had an OR of 3.54 (95%CI
1.27, 9.87) for symptom duration of 28 or more days, while symptom
count had an OR of 1.35 (per symptom, 95%CI 1.18, 1.55) after
adjusting for age, sex, race, smoking, and comorbidity count.

Pain, fatigue, functional status, respiratory quality of life, and depression
after COVID-19

Participants with prolonged symptom duration recorded a signifi-
cantly higher median SF-MPQ score (indicating more pain) compared to
the other group (2 [1,2] vs. 1 [0,2], p=0.0008) (Table 4). The median
FSI was significantly higher among participants with prolonged COVID-
19 symptom duration (66 [31, 91.5] vs. 43 [26, 76], p=0.031; higher
scores indicating more fatigue). There was no association of prolonged
symptom duration with mHAQ (median 0.25 [0, 0.75] vs. 0.125 [O,
0.375], p=0.11). The median global SGRQ score was 14.7 (IQR 4.3,

m Decreased dose

m Stretched out dosing interval
= Stopped DMARD

m Started new DMARD

75% 73% 77%
67% 67%
56%
| 46%
o,,o,\ OO N o,,b\ 2o
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Fig. 2. Frequencies of baseline DMARD use and proportions with any disruption at COVID-19 onset. bDMARDs, biologic disease-modifying antirheumatic drugs;
c¢sDMARDs, conventional synthetic disease-modifying antirheumatic drugs DMARDs, disease-modifying antirheumatic drugs; HCQ, hydroxychloroquine; IL-6i,
interleukin-6 inhibitors; JAKi, Janus kinase inhibitors; MMF, mycophenolate mofetil; MTX, methotrexate; RTX, rituximab; TNFi, tumor necrosis factor inhibitors.
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Table 3

Persistent COVID-19 symptoms/duration and SARD flares/activity after COVID-

Table 4

Seminars in Arthritis and Rheumatism 55 (2022) 152025

Pain, fatigue, functional status, and respiratory quality of life of COVID-19

19. survivors with SARDs at time of survey.
All SARD Prolonged No p-value All SARD Prolonged No prolonged  p-
participants symptom prolonged participants symptom symptom value
(n=174) duration of symptom (n=174) duration of duration
28+ days duration 28+ days (n=96)
(n=78) (n=96) (n=78)
Days to acute 25 [11, 160] 161 [60, 11 [7, 14] <0.0001 Pain (SF-MPQ)*
symptom 291] Median score [IQR] 211, 2] 211, 2] 1[0, 2] 0.0008
resolution (or to Pain rating index 0.011
date of survey if ordinal
symptoms still categories, n (%)
present), median No pain 31(19) 8(11) 23 (25)
[IQR] Mild pain 46 (29) 15 (21) 31 (34)
Persistent N/A Discomforting 64 (40) 35 (50) 29 (32)
symptoms at time pain
of survey, n (%) Distressing pain 14 (9) 7 (10) 7 (8)
Fatigue/malaise 21 (27) Horrible pain 4(2) 4 (6) 0 (0)
Anosmia 14 (18) Excruciating 2 (1) 1) 1)
Dysgeusia 13 (17) pain
Dyspnea 9(12) Fatigue (FSI)
Nasal congestion 9(12) Median score [IQR] 53 [27, 84] 66 [31, 91.5] 43 [26, 76] 0.031
or rhinorrhea Categorical score 0.094
Headache 8 (10) (quartiles), n (%)
Myalgias 8 (10) Q1 (<26; least 51 (29) 23 (29) 28 (29)
Fever 34 fatigued)
Sore throat 2(3) Q2 (27-54) 47 (27) 15 (19) 32(33)
Self-reported SARD 71 (41) 38 (49) 33(34) 0.15 Q3 (55-85) 39 (22) 18 (23) 21 (22)
flare after COVID- Q4 (>86; most 37 (21) 22 (28) 15 (16)
19, n (%) fatigued)
Timing of self- 0.73 Functional status
reported SARD (mHAQ)
flare after COVID- Median score [IQR] 0.125 [0, 0.25 [0, 0.75] 0.125 [0, 0.11
19, n (%) 0.375] 0.375]
<1 week 14 (20) 8 (21) 6 (18) Categorical score, n 0.27
1-4 weeks 31 (44) 15 (39) 16 (48) (%)
4-12 weeks 19 (27) 10 (26) 9(27) Normal (<0.3) 109 (63) 44 (56) 65 (68)
>12 weeks 7 (10) 5(13) 2(6) Mild impairment 62 (36) 32 (41) 30 (31)
Participant global 7.6 + 2.3* 7.6 2.3 7.6 £23 0.98 (0.3-1.3)
assessment of Moderate 3(2) 2(3) 1)
disease activity impairment (1.3-
before COVID-19 1.8)
onset”, mean + Severe 0 (0) 0 (0) 0(0)
SD impairment
Participant global 6.6 + 2.9" 6.5+ 2.9 6.7 £ 2.9 0.60 (>1.8)
assessment of Respiratory
disease activity at quality of life
time of survey”, (SGRQ)**
mean =+ SD Global score, 14.7 [4.3, 16.1 [4.4, 10.1 [4.1, 0.49
Disease activity by median [IQR] 29.3] 36.1] 25.6]
RAPID-3 at time Symptoms score, 13.7 [0, 31.8] 14.2 [0, 33.2] 13.6 [0, 0.79
of survey** median [IQR] 29.3]
Median score 9 [4, 14] 11.2 [6.3, 7.3[3.3,13]  0.0067 Activity score, 29.6 [0, 47.71  35.8 [0, 57.2] 25.2 [0, 0.19
[IQR] 15.7] median [IQR] 42.4]
Categorical score, 0.129 Impact score, 4.6 [0, 15.2] 4.8 [0, 16.1] 4.1 [0, 13.1] 0.54
n (%) median [IQR]
Remission (0) 11 (7) 4 (5) 7(7) Depression (SF- 59 (38) 25 (36) 34 (39) 0.67
Near remission 23(14) 5(7) 18 (19) 12), n (%)
(0.3-1.0) K ;.
Low severity 26 (15) 10 (14) 16 (17) FSI, Fatigue Symptom Inventory; mHAQ, modified Health Assessment Ques-
(1.3-2.0) tionnaire; SF-12, Short-form 12-item survey; SF-MPQ, Short-form McGill Pain
Moderate 55 (33) 27 (36) 28 (29) Questionnaire; SGRQ, Saint George’s Respiratory Questionnaire.
severity (2.3-4.0) Bolding indicates p<0.05.
High severity 54 (32) 28 (38) 26 (27) " SF-MPQ was missing for 13 (7%) participants.

(4.3-10.0)

COVID-19, coronavirus disease 2019; RAPID3, Routine Assessment of Partici-
pant Index Data 3; SARD, systemic autoimmune rheumatic disease.
Bolding indicates p<0.05.

T Denominator is those who reported SARD flare after COVID-19.

# Participant global disease activity ranged from 0 “very poor” to 10 “very
well”.

" p<0.001 comparing disease activity changes before and after COVID-19.

" RAPID-3 was missing for n=>5.

o SGRQ was missing for 58 (33%) participants.
" SF-12 was missing for 16 (9%) participants.

29.3; higher scores indicating worse respiratory quality of life). Those
with prolonged symptom duration had a median score of 16.1 compared
to 10.1 for the other participants, but these values were not statistically
different (p=0.49). There were also no statistical differences for those
with and without prolonged symptom duration in SGRQ subscales that
included symptoms, activity, and impact scores. There was no associa-
tion of prolonged symptom duration with depression (36% vs. 39%,
p=0.67).
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Discussion

In this prospective study, we describe a potentially substantial
impact of post-acute sequelae after acute COVID-19 for patients with
SARDs. A high proportion of DMARDs were disrupted at COVID-19
onset, ranging between 56-77%. Two out of five participants reported
a flare of their underlying SARD following COVID-19. There was a sta-
tistically significant worsening in self-reported disease control even
months after COVID-19 onset. A substantial proportion (45%) reported
prolonged duration of COVID-19 symptoms (at least 28 days). This may
indicate that participants with SARDs may be particularly vulnerable to
persistent worsening quality of life (more pain and fatigue), and
potentially morbidity, even beyond the acute period. Collectively, our
findings suggest a large health impact of COVID-19 on participants with
SARDs, even after the acute infection.

There has been intense interest in understanding whether SARDs
participants are at increased risk for severe acute COVID-19 outcomes,
such as hospitalization, mechanical ventilation, and death [1-4].
Indeed, SARDs participants do seem to have worse acute COVID-19
outcomes than the general population, perhaps related to altered un-
derlying immunity, propensity for hyperinflammation, immunosup-
pression, organ damage from underlying SARD, and comorbidities [25].
Many of the same factors that place SARDs at risk of poor acute out-
comes could place them at risk of having a protracted COVID-19 course
even if they are no longer at risk for COVID-19-related hospitalization or
death. However, there has been relatively less attention to post-acute
sequelae of COVID-19 among SARDs despite high reported rates of
rheumatic and musculoskeletal manifestations in the general population
[26-28]. Since PASC and SARDs share many potential pathogenic fea-
tures, such as systemic inflammation, fibrosis, autoimmunity, and hy-
percoagulability, uncovering the mechanisms of PASC in SARDs may
have public health implications even for the general population [29].

An early study surveyed 105 rheumatology patients in Spain who
had been hospitalized with COVID-19 and classified them as having
SARDs (n=54) or non-autoimmune rheumatic conditions (n=51, such as
osteoarthritis) [30]. Similar to our study, they found that a high pro-
portion of subjects had lingering symptoms (some lasting for over 90
days) that included dyspnea, fatigue, chest pain, and cough. Several
participants had new clinically apparent lung damage (10%), and 6%
had a new oxygen requirement that persisted as an outpatient. Our study
extends these findings by including non-hospitalized SARDs partici-
pants, which is important since most COVID-19 cases are managed as an
outpatient. We also identified dyspnea as a common persistent symp-
tom, emphasizing the lungs as a potential site for damage vulnerable in
both acute COVID-19 and PASC [2, 12, 31]. Future studies are needed to
investigate whether SARD participants may be more prone to residual
lung damage after COVID-19, perhaps related to pre-existing subclinical
lung damage or underlying propensity for pulmonary fibrosis and
interstitial lung disease in SARDs.

A more recent study surveyed participants seen at an academic
rheumatology center in New York City and compared “long haul”
COVID-19 (symptoms for 3+ months, n=142) to non-long haul COVID-
19 (<1 month symptoms, n=112) [32]. COVID-19 was identified by
self-report of a positive test or suspected by a physician. About 60% of
these respondents had a SARD diagnosis. Similar to our findings, they
found that higher burden of initial COVID-19 symptoms was associated
with long-hauler status. They also found worse quality of life on
Patient-Reported Outcomes Measurement Information System measures
that included pain (similar to our study), fatigue, anxiety, and depres-
sion. Fatigue was commonly reported in our study as well and, though
this may reflect contributions from underlying SARD, it is notable that
our survey asks participants to specifically identify symptoms of their
acute COVID-19 infection and identify those which persist. Our study
also found a high proportion of participants with SARDs experienced
prolonged COVID-19 symptom duration. Many participants in our study
reported fatigue of which both COVID-19 and underlying SARD may
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have contributed. However, many also reported dysgeusia and anosmia,
likely more specifically related to COVID-19. Additionally, the patient’s
global assessment of rheumatic disease control was similar between
those with and without prolonged symptom duration, suggesting other
contributing factors driving these observed differences in symptoms
following acute COVID-19.

Our study did not include non-SARD comparators so we cannot
directly address whether patients with SARDs are at higher risk of pro-
longed symptom duration. The Spanish post-hospitalization study found
a similar distribution of persistent COVID-19 symptoms in SARDs and
non-SARDs patients [30], but the latter group was also seen in rheu-
matology clinic and may not reflect the general population. Another
post-hospitalization study found no association of SARDs with
post-acute COVID-19 symptoms, but only identified 31 patients with
SARDs so may have been underpowered [33]. Finally, the study per-
formed in New York City found that a similar proportion of SARDs and
non-SARDs had “long-hauler” status, but all were seen in rheumatology
clinic [32]. Future, larger studies are needed to compare post-acute
sequelae of COVID-19 for SARDs to the general population.

To our knowledge, ours is the first to describe DMARD disruptions
and SARD flare/activity after acute COVID-19. We found that over half
of participants either temporarily discontinued or decreased the dose/
frequency of DMARD:s at acute COVID-19 diagnosis. We also found that
nearly half of participants reported a flare of underlying SARD in the
weeks following acute infection and participants had a statistical
worsening of self-reported global assessment of disease activity after
COVID-19 at the time of survey. Medication disruption may have
contributed to flare and increased disease activity that persisted through
to the time of survey completion. Prior studies have focused mainly on
DMARD changes early in the pandemic related to concerns about drug
supply or immunosuppression [34-36]. Other studies have focused on
temporary medication changes after COVID-19 vaccination and have
found little evidence of increased risk of flare [37-40]. Compared to
those studies, participants in our study may have had longer disruption
of DMARDs while acutely ill, particularly those who required hospital-
ization, which may have increased their risk of flare. Additionally, it is
possible that participants in our study may have had immune system
activation as a reaction to SARS-CoV-2 infection that could have
contributed to increased activity in addition to DMARD disruption.
Indeed, we previously found that participants with SARDs hospitalized
for COVID-19 were more prone to hyperinflammation [12]. Finally,
many participants in the general population report widespread pain and
arthralgias after COVID-19, which may have also influenced the high
rate of self-reported SARD flare [26-28]. We found that participants
with persistent symptom duration had higher levels of pain than those
with resolved symptoms. Future studies are needed to include compar-
ators with SARDs but no history of COVID-19 as well as general popu-
lation comparators with COVID-19 to better understand these complex
relationships between COVID-19 infection, underlying SARD flare, and
worsened pain or fatigue.

Strengths of our study include its prospective nature, inclusion of
participants across the spectrum of acute COVID-19 severity, and the
systematic approach towards identifying and confirming both COVID-19
and SARD. This study focused on participant-reported outcome mea-
sures as one of the first comprehensive assessments of post-acute
sequelae of COVID-19 in SARDs participants recruited from several
rheumatology centers within a large health care system. We assessed
many validated survey instruments including the RAPID-3, SF-MPQ, FSI,
mHAQ, and SGRQ to capture the myriad potential effects of COVID-19
infection on outcomes particularly relevant to SARDs participants.
Ours is the first to describe DMARD disruption, underlying SARD flare/
activity, and prolonged COVID-19 symptom duration. We focused on all
survivors of COVID-19, not only those who required hospitalization.

Our study does have limitations. The cross-sectional nature allowed
for the surveying of respondents at only one point in time post-COVID-
19, possibly introducing recall bias, particularly related to assessment of
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disease activity and symptoms at acute COVID-19 onset. The survey
response rate was 26%, similar to other survey studies, but there were
some factors, such as hospitalization for COVID-19, that may have
impacted response rate and could affect generalizability. We were also
only able to assess survivors of COVID-19. Some participants who were
very ill during their acute COVID-19 course may have been less likely to
respond to the survey while recuperating. We found that hospitalization
was significantly associated with prolonged symptom duration. Future
studies may focus on this vulnerable population at high risk for pro-
tracted COVID-19 course. Our sample was heterogeneous, composed of
participants with a variety of different SARDs. Future analyses in this
study will focus on specific SARDs such as RA once the sample size is
sufficient. Disease activity and flare were obtained by participant report
rather than in-person physical examination. Since many SARD types
were included, a single validated assessment would have been difficult
to measure. However, the RAPID3 is commonly used as a survey in-
strument for all SARD participants to measure participant-reported
disease activity and pain. Some participants were referred by their
rheumatologist because of positive tests that occurred outside of the
MGB system. It is possible these participants may have had different
COVID-19 severity or health care access compared to those identified
from electronic query of positive COVID-19 tests in the MGB system. It is
possible that a small proportion of participants may have had persistent
viral infection, as has been described for SARDs with COVID-19 on B cell
depleting therapy [41]. We were unable to investigate autoantibody
expansion and increased systemic inflammation using only survey data.
Future directions of RheumCARD will address many of these limitations.
These include the addition of a comparator group with identical as-
sessments but no history of COVID-19, biospecimen sample collection
(including serum, plasma, peripheral blood mononuclear cells, and
nasopharyngeal swabs), survey assessments at multiple points in time,
and initial enrollment early in the acute COVID-19 course.

In summary, we found that COVID-19 survivors with SARDs
commonly experienced DMARD disruptions, SARD flares, and high self-
reported disease activity. Additionally, two out of five SARD partici-
pants experienced prolonged duration of COVID-19 symptoms lasting 28
or more days that included fatigue, dysgeusia, anosmia, and dyspnea
and higher levels of pain and fatigue than those without prolonged
symptom duration. Even after resolution of acute COVID-19, many
participants with SARDs may continue to experience effects related to
COVID-19 and may also significantly impact their underlying diseases.
The results of this study and those that follow will serve to inform the
approach towards participants with SARDs who have experienced
COVID-19, both in management of their underlying rheumatic diseases
as well as their long-term COVID-19 symptoms.
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