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ARTICLE INFO ABSTRACT
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Background and aim: There is increasing interest regarding SARS-CoV-2 infection in patients with autoimmune
and immune-mediated inflammatory diseases (AI/IMID) with some discrepancies in different cohorts about their
risk and outcomes. The aim was to describe a multidisciplinary cohort of patients with AI/IMID and symptomatic

SARS-CoV-2 infection in a single tertiary center and analyze sociodemographic, clinical, and therapeutic factors
associated with poor outcomes.

Methods: A retrospective observational study was conducted from the 1st of March until May 29th, 2020 in a
University tertiary hospital in Barcelona, Spain. Patients with an underlying AI/IMID and symptomatic SARS-
CoV-2 infection were identified in our local SARS-CoV-2 infection database. Controls (2:1) were selected from
the same database and matched by age and gender. The primary outcome was severe SARS-CoV-2 infection,
which was a composite endpoint including admission to the intensive care unit (ICU), need for mechanical
ventilation (MV), and/or death. Several covariates including age, sex, and comorbidities among others were
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combined into a multivariate model having severe SARS-CoV-2 as the dependent variable. Also, a sensitivity
analysis was performed evaluating AID and IMID separately.

Resuits: The prevalence of symptomatic SARS-CoV-2 infection in a cohort of AI/IMID patients was 1.3%. Eighty-
five patients with AI/IMID and symptomatic SARS-CoV-2 were identified, requiring hospitalization in 58 (68%)
cases. A total of 175 patients admitted for SARS-CoV-2 (58 with AI/IMID and 117 matched-controls) were
analyzed. In logistic regression analysis, a significant inverse association between AI/IMID group and severe
SARS-CoV-2 (OR 0.28; 95% CI 0.12-0.61; p = 0.001), need of MV (OR 0.20; IC 95% 0.05-0.71; p = 0.014), and
ICU admission (OR 0.25; IC 95% 0.10-0.62; p = 0.003) was found.

Conclusions: Patients with AI/IMID who require admission for SARS-CoV-2 infection have a lower risk of
developing severe disease, including the need to stay in the ICU and MV.

1. Introduction

The first cases of coronavirus disease 2019 (COVID-19) were re-
ported from Wuhan, China in early December 2019 [1], now known to
be caused by a novel beta-coronavirus, named as severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) [2]. COVID-19 has attained
a global dimension, having been declared a pandemic by the World
Health Organization (WHO) on March 11, 2020 [3].

More than 39 million confirmed cases of SARS-CoV-2 infection and 1
101 298 deaths (mortality rate 2.8%), have been reported worldwide as
of October 17, 2020 [4]. Our center admitted the first case of
SARS-CoV-2 in the Spanish peninsula at the end of February [5]. At the
end of May, around 2500 cases including health workers at the front line
had an infection confirmed by positive Real-Time PCR-based Severe
Acute Respiratory Syndrome Coronavirus (RT-PCR SARS-CoV-2) [6].

The analysis of patients with COVID-19 allowed the identification of
conditions that increase the risk of acquiring the infection, as well as
worse outcomes including admission to the intensive care unit (ICU) and
death. The most consistent factors associated with poor prognosis
include older age, male gender, and preexisting comorbidities (e.g.,
hypertension, diabetes mellitus, chronic pulmonary disease) [7-9].
Nevertheless, there has not been an adequate representation of patients
with autoimmune/immune-mediated inflammatory diseases (Al/IMID)
in the first reported cohorts.

Although the presence of comorbidities and immunosuppressive
therapies are associated with an increased risk of viral infections, it is
not clear whether patients with AI/IMID are more susceptible to SARS-
CoV-2 infection, or, when they are infected, whether they have more
severe disease or a poorer outcome [10-13]. Therefore, there is an
increasing interest regarding SARS-CoV-2 infection in patients with
Al/IMID with some discrepancies in different studies about their risk of
hospitalization, complications development and death.

The aim of our study was to describe a multidisciplinary cohort of
patients with AI/IMID and symptomatic SARS-CoV-2 infection in a
single tertiary center and analyze sociodemographic, clinical and ther-
apeutic factors associated with poor outcomes.

2. Methods
2.1. Study population

The study was conducted in a public tertiary hospital, Hospital Clinic
de Barcelona (HCB), in Catalonia, Spain. The inclusion criteria were
patients >18 years, symptomatic SARS-CoV-2 infection (either
confirmed by RT-PCR SARS-CoV-2 positive test or probable cases), and a
medical diagnosis of at least one well-characterized Al disease (AID) or
IMID. Probable case of SARS-CoV-2 infection corresponds to patient that
meets the clinical criteria for severe respiratory illness (i.e., temperature
of >38 °C, one or more clinical findings of lower respiratory illness, and
radiographic evidence of pneumonia, or acute respiratory distress syn-
drome) as well as the epidemiologic criteria for likely exposure to SARS-
CoV-2 (i.e., close contact with a confirmed case of SARS-CoV-2 infec-
tion) [14]. The results of RT-PCR SARS-CoV-2 diagnostic assays were
obtained from the Microbiology department of HCB.

2.2. Study design

A retrospective observational study was conducted from the 1st of
March until May 29th. First, we identified all patients with an under-
lying AI/IMID and symptomatic SARS-CoV-2 infection. We classified as
AID diseases (AID) patients with rheumatoid arthritis (RA), systemic
lupus erythematosus, multiple sclerosis, autoimmune hepatitis, auto-
immune kidney disease (membranous nephropathy, IgA nephropathy,
and other primary nephropathies), myasthenia gravis, systemic vascu-
litis, Sjogren syndrome, systemic sclerosis, antiphospholipid syndrome,
pemphigus, and vitiligo; and as IMID patients with inflammatory bowel
disease (IBD, either ulcerative colitis or Crohn’s disease), psoriasis,
spondyloarthritis (SpA), psoriatic arthritis (PsA), Behget’s disease,
sarcoidosis, polymyalgia rheumatica, and seronegative arthritis.

A comparative analysis between admitted patients with AI/IMID and
controls (2:1) matched by age (£1 year), and sex without an underlying
Al/IMID disease admitted during the same period was conducted. Pa-
tients with a previous history of solid or hematological transplantation
that were under immunosuppressive treatment were excluded.

2.3. Outcome definition

The primary outcome evaluated was severe SARS-CoV-2 infection,
which was a composite endpoint including admission to intensive care
unit (ICU), need for mechanical ventilation (MV), development of car-
diovascular complications, thrombosis, kidney failure requiring renal
replacement therapy, and/or death as previously used in other studies
[1,11]. Cardiovascular events included congestive heart failure,
new-onset heart arrhythmias, and acute myocardial infarction. Throm-
boembolic events included venous thromboembolic disease (either deep
vein thrombosis or pulmonary embolism), or arterial thrombosis. Severe
outcomes including ICU admission, need of MV and death were analyzed
separately also as secondary outcomes.

2.4. Variables

The information on patient socio-demographic and cumulative
clinical and laboratory data were obtained by electronic medical records
review. The data collected from each individual were stored in a secure
survey platform (REDCap) hosted by HCB and designed for the current
study. The database was audited by two independent reviewers from the
research group.

Several sociodemographic and clinical variables were assessed
including age, sex, AI/IMID diagnosis, treatment background, comor-
bidities, smoking status, and need for hospital and ICU admission. The
age-adjusted Charlson comorbidity index (ACCI) was calculated for each
individual [15] at the time of admission. A high ACCI was defined as a
score equal to or greater than 2. The need for hospital admission
depended on the criteria established by the hospital protocol. Overall, it
depended on the clinical status of the patient (i.e., need for supple-
mentary oxygen, evidence of pneumonia on chest X-ray, presence of
serological factors associated with poor prognosis), and their comor-
bidities, among others. The criteria for judging admission to the ICU
depended on the clinical situation of the patient and the therapeutic
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threshold established by the treating medical team.

All patients were classified based on their treatment background:
Prednisone-equivalent glucocorticoid use (1-9 mg/day, > 10 mg/day);
conventional synthetic disease-modifying anti-rheumatic drugs
(csDMARDs; hydroxychloroquine (HCQ), methotrexate, leflunomide,
sulfasalazine, azathioprine, mycophenolate mofetil/mycophenolic acid,
cyclophosphamide, cyclosporine, and tacrolimus); biologic therapy
categorized as: Tumour Necrosis Factor inhibitors (anti-TNF), non-anti-
TNF agents (including IL-6, IL-12/IL-23, and IL-17 inhibitors, B-cell-
depleting therapy, Vedolizumab, and Natalizumab); and Janus Kinase
(JAK) inhibitors (Tofacitinib and Baricitinib). Disease activity prior to
SARS-CoV-2 infection was collected and categorized as a binary variable
(remission or active) when applied according to the type of AI/IMID.

Variables related with SARS-CoV-2 infection were collected until the
end of admission (either discharge or death) in order to describe the
progression of the disease and included duration of symptoms before
hospital admission, main symptoms, evidence of pneumonia by plain X-
ray, pharmacological treatments, duration of hospital stay, and clinical
outcomes (including ICU admission, MV and death). The clinical status
was determined according to a 7-category ordinal scale that ranges from
1 (discharged with normal activity) to 7 (death), which has been used as
the primary endpoint in several clinical trials including COVID-19 pa-
tients [16-19]. The highest value of the scale reached during admission
was recorded. This ordinal scale was also grouped into two categories.
Non-severe corresponds to categories 2 and 3 (no oxygen requirement or
low requirement) and the severe corresponds to categories 4 to 7 (high
oxygen requirement, need for additional organic support and death).

Laboratory data were collected at baseline and during follow-up. The
cut-off point of normality of the HCB laboratory was taken into account
in order to classify abnormal values: C-reactive protein (CRP, > 1 mg/
dL), ferritin (>400 ng/mL), D-dimer (>500 ng/mL), lactate dehydro-
genase (LDH, > 234 U/L), lymphopenia (<900 10°/L), and procalcito-
nin (PCT, > 0.50 ng/mL). Hyperinflammation score was defined as
lymphocyte counts lower than 1000 cells per mL, and 2 of the following
three criteria: serum ferritin higher than 500 ng/mL, LDH higher than
300 U/L, and D-dimer higher than 1000 ng/mL. The cutoffs had been
defined in the context of an ongoing clinical trial that is exploring the
efficacy and safety of targeted therapies in reducing hyperinflammation
in patients with SARS-CoV-2 [20], and included in two recently pub-
lished studies [21,22]. Finally, we registered AI/IMID flares according to
clinician’s opinion, either during admission or after discharge as well as
immunosuppressive treatment interruption due to SARS-CoV-2
infection.

2.5. Statistical analysis

Continuous variables are reported as median and interquartile range
(IQR). Categorical variables are reported as count and percentage (%).
In bivariate analyses, differences in demographic, clinical and thera-
peutic factors according to severe SARS-CoV-2 outcome were compared
using chi square tests or Fisher’s exact tests for categorical variables and
Mann-Whitney U tests for ordinal or continuous variables.

Multivariate logistic regression models (adjusted by age and
comorbidities) were run in a stepwise manner (backward elimination)
having severe SARS-CoV-2 as the dependent variable using the likeli-
hood ratio test with a p value > 0.1. Additionally, other models with
secondary outcomes (ICU admission, need of MV and death) were
analyzed using the same approach. Odds ratios (OR) were calculated
with 95% confidence intervals (CI). P-values less than 0.05 were
considered significant. Statistical analyses were done by SPSS, v.22,
Chicago, IL, USA).

To assess the impact of AID and IMID categories in primary and
secondary outcomes, a sensitivity analyses were performed. Addition-
ally, a stratified analysis was conducted including only PCR-confirmed
cases. Odds ratios (OR) were calculated with 95% confidence intervals
(CI). P-values less than 0.05 were considered significant. Statistical
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analyses were done by SPSS, v.22, Chicago, IL, USA).
2. 6 Ethical considerations

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the local Ethical Committee (HCB/2020/
0582).

3. Results
3.1. Baseline characteristics of AI/IMID cohort

More than 6100 patients with AI/IMID are under follow-up in our
institution. During the study period, 989 patients with SARS-CoV-2
infection were admitted to our hospital. Fig. 1 shows a flowchart for
selection of cases and matched controls in the present study. Eighty-five
patients with AI/IMID and symptomatic SARS-CoV-2 were identified
(prevalence of 1.3%), and 58 (68%) of them required hospitalization.
Eight (9%) patients had more than one underlying disease. Therefore,
there were a total of 93 AI/IMID diagnoses (see Supplementary
Table A1). The proportion of patients with AID (57%) or IMID (43%)
were similar. IBD, RA and psoriasis were the most common diseases in
14%, 11%, and 9% of patients, respectively.

The median duration of the AI/IMID was 8 years (IQR 4-16). Disease
activity was evaluated at the moment of admission in 62 patients with an
AID or IMID with a clinical course characterized by flares or remission.
Most cases were in remission prior to SARS-CoV-2 infection (45/62,
72%). Regarding baseline immunomodulatory treatment for AI/IMID,
most patients were on glucocorticoids (29%, median prednisone-
equivalent dose of 5 mg), followed by csDMARDs (31%, mainly meth-
otrexate), and targeted therapies (mostly non-anti-TNF agents). During
admission, some patients stopped their background therapies following
onset of SARS-CoV-2 symptoms: glucocorticoids in 1/19 (5%), immu-
nosuppressive therapies in 6/17 (35%), and targeted therapies in 1/3
(33%) cases, but treatments were resumed after hospital discharge in the
majority of them. Nine (10%) patients presented a clinical flare (5
during admission and 4 patients within one month after discharge).
There were no differences regarding immunomodulatory treatment be-
tween AID and IMID categories: prednisone-equivalent doses per day (8
mg vs 5.6 mg; p = 0.642), csDMARDs (34% vs 22%; p = 0.212), or
targeted therapies (14% vs 25%; p = 0.212).

3.2. Hospital admission
In patients with AI/IMID, the comparison of hospitalized and non-

Flowchart for selection of patients for matched-cohort study

Hospital Clinic
Barcelona
1 = |
AI/IMID cohort SARS-CoV-2 patients
(n=6,157) evaluated at emergency
| department
SARS-CoV-2 cases ; |
identified | Hospital
| (PCR-confirmed and 1 admission
probable) (n=989)
(n=85)
: ] [ Non-ai/viD |
Ambulatory Hospitalized | matched-
patients patients controls

(n=27) (n=58) (n=117)

|
Comparative analysis

AI/IMID: Autoimmune or immune-mediated inflammatory disease

Fig. 1. Flowchart for selection of patients for matched-cohort study.



J.C. Sarmiento-Monroy et al.

hospitalized cases demonstrated a number of significant differences.
Most hospitalized patients had hypertension (50 vs 18%; p = 0.08);
likewise, most ambulatory patients were female (81 vs 48%; p = 0.006),
had IBD (29 vs 8%; p = 0.018), and received non-anti-TNF anti-Cytokine
therapy in monotherapy at baseline (11 vs 1%; p = 0.012). General
characteristics of symptomatic SARS-CoV-2 patients with AI/IMID
stratified by hospitalization status are summarized in Supplementary
Table A2.

A total of 175 patients admitted for SARS-CoV-2 (58 with AIl/IMID
and 117 matched-controls) were included. In general terms, we had a
well-balanced comparison between groups (AI/IMID vs non-Al/IMID)
including demographics characteristics, comorbidities, and duration of
hospital stay. As expected, there were more prevalence of glucocorti-
coids (32% vs 1%; p = 0.000), and HCQ (8% vs 0%; p = 0.008) use
before SARS-CoV-2 infection in AI/IMID cohort. Only 2 patients in the
non-Al/IMID cohort were taking glucocorticoids (prednisone-equivalent
median dose 5 mg/day). Just minor differences in general COVID-19
symptoms were found among groups. Specific treatment for SARS-
CoV-2 including antiviral therapies and anti-IL-6 agents were more
common used in controls. General characteristics of admitted SARS-
CoV-2 patients are summarized in Table 1.

Journal of Autoimmunity 117 (2021) 102580
3.3. Complications and severe SARS-CoV-2 infection

Nearly half of the patients developed complications during hospi-
talization, the most frequent being acute respiratory distress syndrome
(ARDS). Main complications during hospitalization of SARS-CoV-2 pa-
tients are shown in Table 2. Regarding severe outcomes, significant
differences were found between groups (AI/IMID vs non-Al/IMID): Se-
vere SARS-CoV-2 (20% vs 44%; p = 0.002), ICU admission (12% vs 35%;
p =0.003), ARDS (12% vs 44%; p = 0.000), MV (5% vs 20%; p = 0.008),
and need of prone ventilation (0% vs 7%; p = 0.003). Of the total of 59
patients who developed ARDS, 25 were admitted to the ICU and
required MV, 23 needed high-flow oxygen, and 8 non-invasive ventila-
tion. A total of 13 patients died during admission (AI/IMID 4, 6.9%;
Controls 9, 7.7%), being the majority older than 65 years and all having
at least one comorbidity. The main cause of death corresponds to SARS-
CoV-2-associated respiratory insufficiency. A thrombotic event during
hospital admission occurred in 7% of cases but none of these patients
had positivity for antiphospholipid antibodies.

There were statistically significant differences in the 7-category
ordinal scale between AI/IMID and non-Al/IMID groups (3.00 [IQR
2.00-3.00] vs 3.00 [IQR 3.00-4.00]; p = 0.028), AUC = 0.6 95% CI
0.51-0.68. The non-severe subgroup (i.e., 2 and 3 categories) was sta-
tistically significantly more common in the AI/IMID compared to the
non-Al/IMID group (OR 2.35; 95% CI 1.14-5.11; p = 0.003). For details

Table 1
Baseline demographics and clinical characteristics and treatment of admitted SARS-CoV-2 patients.
Variable Total AI/IMID (n = 58) Non-AI/IMID (n = 117) P value
N =175n (%)
Male gender 90 (51.4) 30 (51.7) 60 (51.3) 0.956
Age, median (IQR) years 61 (50-70) 61 (48-71) 62 (51-69) 0.612
<65 years 109 (62.3) 36 (62.1) 73 (62.4) 0.967
PCR-confirmed SARS-CoV-2 infection 137 (78.3) 41 (70.7) 96 (82.1) 0.086
Pneumonia at admission 144 (82.3) 42 (72.4) 102 (87.2) 0.016
Duration of hospital stay, days 10 (6-18) 8 (5-14) 10 (6-20) 0.215
Most common comorbidities 142 (81.1) 50 (86.2) 92 (78.6) 0.228
Hypertension 79 (45.1) 29 (50.0) 50 (42.7) 0.363
Dyslipidemia 46 (26.3) 11 (19.0) 35 (29.9) 0.121
Chronic pulmonary disease” 44 (25.1) 12 (20.7) 32 (27.4) 0.339
Charlson comorbidity index (high >2) 130 (74.3) 39 (67.2) 91 (77.8) 0.133
Ever smoking 54 (30.8) 16 (27.6) 38 (32.49) 0.525
Baseline treatment
ACE inhibitor or ARB 51 (29.1) 16 (27.6) 35 (29.9) 0.259
Statins 44 (25.1) 12 (20.7) 32 (27.4) 0.339
Glucocorticoids 21 (12.0) 19 (32.8) 2(1.7) 0.000
Hydroxychloroquine 5(2.8) 5(8.6) 0 (0.0) 0.008
Main SARS-CoV-2 symptoms
Duration of symptoms before hospital admission, days 7 (4-9) 6 (4-9) 7 (4-10) 0.374
Fever 138 (78.9) 39 (67.2) 99 (84.6) 0.008
Cough 125 (71.4) 37 (63.8) 88 (75.2) 0.115
Dyspnea 85 (48.6) 20 (34.5) 65 (55.6) 0.009
Prognostic factors”
CRP, > 1 mg/dL (n = 157) 147 (84.0) 47 (81.0) 100 (85.5) 0.451
Ferritin, > 400 ng/mL (n = 81) 42 (24.0) 12 (20.7) 30 (25.6) 0.470
D-dimer, > 500 ng/mL (n = 126) 75 (42.9) 25 (43.1) 50 (42.7) 0.963
LDH, > 234 U/L (n = 136) 116 (66.3) 35 (60.3) 81 (69.2) 0.242
Lymphopenia, < 900 10°/L (n = 159) 78 (44.6) 24 (41.49) 54 (46.2) 0.550
Hyperinflammation score 29 (16.6) 10 (17.2) 19 (16.2) 0.867
SARS-CoV-2 treatment
Lopinavir/ritonavir 144 (82.3) 38 (65.5) 106 (90.6) 0.000
Hydroxychloroquine 157 (89.7) 43 (74.1) 114 (97.4) 0.000
Azithromycin 148 (84.6) 42 (72.4) 106 (90.6) 0.002
Remdesivir 17 (9.7) 3(5.2) 14 (12.0) 0.153
High-dose glucocorticoids 75 (42.9) 21 (36.2) 54 (46.2) 0.211
Anti-IL-6° 74 (42.3) 18 (35.0) 56 (47.9) 0.034
Anakinra 10 (5.7) 4(6.9) 6 (5.1) 0.635
Baricitinib 1 (0.6) 0 (0.0) 1(0.9) 0.480

AI/IMID: Autoimmune or immune-mediated inflammatory disease; ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CRP: C-reactive protein;

IQR: Interquartile range; LDH: Lactate dehydrogenase.

@ Chronic obstructive pulmonary disease, Asthma, Bronchiectasis and/or Sleep apnea.

b proportion of patients with abnormal values.
¢ Anti-IL-6 include (n): Tocilizumab (63), Siltuximab (11), and Sarilumab (1).
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Table 2
Complications during hospitalization of SARS-CoV-2 patients.
Variable Total (N = AI/IMID Non-Al/ P
175) n (%) (n =58) IMID (n = value
117)
Severe SARS-CoV-2" 64 (36.6) 12 (20.7) 52 (44.4) 0.002
ARDS 59 (33.7) 7 (12.1) 52 (44.4) 0.000
ICU admission 50 (28.6) 8 (13.8) 42 (35.9) 0.003
Invasive mechanical 29 (16.6) 4(6.7) 25 (21.3) 0.008
ventilation
Non-invasive ventilation 10 (5.7) 4 (6.9) 6 (5.1) 0.635
High-flow oxygen 29 (16.6) 2(3.4) 27 (23.1) 0.119
Prone ventilation 9(5.1) 0 (0.0) 9(7.7) 0.003
Organizing Pneumonia 32 (18.3) 6 (10.3) 26 (22.2) 0.056
ECMO 2(1.1) 1(1.7) 1(0.9) 0.317
Vasoactive/inotropic 11 (6.3) 4(6.9) 7 (6.0) 0.080
drugs
Hospital-acquired 21 (12.0) 3(5.2) 18 (15.4) 0.050
infection
Acute kidney injury 17 (9.7) 3(5.2) 14 (12.0) 0.153
Without hemodialysis/ 4(2.3) 1(1.7) 3(2.6) 0.726
hemofiltration
With hemodialysis/
hemofiltration
Thromboembolic event” 13 (7.4) 2(3.4) 11 (9.4) 0.157
Cardiovascular event* 11 (6.3) 3(5.2) 8(6.8) 0.669
Hemorrhagic 8 (4.6) 3(5.2) 5(4.3) 0.789
complications
Mortality 13(7.4) 4 (6.9) 9(7.7) 0.850

AI/IMID: autoimmune or immune-mediated inflammatory disease; ARDS: Acute
Respiratory Distress Syndrome; ECMO: Extracorporeal membrane oxygenation;
ICU: Intensive care unit.

2 Defined as: intensive care unit admission, intratracheal intubation, cardio-
vascular complications (heart failure or myocarditis), thrombosis, kidney failure
requiring hemodialysis, and death.

b Venous thromboembolic disease (either deep vein thrombosis or pulmonary
embolism), or arterial thrombosis.

¢ Include congestive heart failure, new-onset heart arrhythmias, and acute
myocardial infarction.

Al/IMID Non-Al/IMID
P=0.028
- Number (%) of patients in each category
Al/IMID Non-
—_— P
- 2 16 (27.6) 21(17.1)
3 28 (48.3) 50 (42.7)
4 4(6.9) 17 (14.5)
7 4(6.9) 9(7.7)
2 non-ICU hospital ward, not requiring supplemental oxygen
3 non—ICU hospital ward, requiring supplemental oxygen
4 ICU or non—ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen
7 death
ND no data

Fig. 2. Highest value of clinical status using 7-category ordinal scale dur-
ing admission.

see Fig. 2.

The results of the bivariable analysis by severe SARS-CoV-2 status are
shown in Supplementary Table A3. Older age (67 [IQR 56-73] vs 59
[IQR 49-67]1; p = 0.002), and certain comorbidities including hyper-
tension (OR 2.49; 95% CI 1.32-4.68; p = 0.004), and dyslipidemia (OR
2.42; 95% CI 1.21-4.83; p = 0.012), were associated with a greater risk
of severe SARS-CoV-2. Patients with severe SARS-CoV-2 had higher
baseline biomarkers than patients with non-severe disease, including
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CRP (10 [IQR 6-16] vs 6 [IQR 3-9]; p = 0.000), serum ferritin (998 [IQR
421-2495] vs 357 [IQR 172-1015]; p = 0.001), and LDH (419 [IQR
292-501] vs 280 [IQR 244-384]; p = 0.001). Additionally, those with
severe phenotype had lower lymphocyte count (800 [IQR 600-900] vs
1000 [IQR 700-1200]; p = 0.000) than non-severe group.

Compared with non-severe SARS-CoV-2, those with severe pheno-
type were more likely to received treatment with high-dose glucocorti-
coids (OR 5.67; 95% CI 2.90-11.11; p = 0.000), and Tocilizumab (OR
2.58; 95% CI 1.35-4.90; p = 0.004) for systemic inflammatory response
due to COVID-19. Patients with AI/IMID had a significant lower pro-
portion of severe infection (OR 0.32; 95% CI 0.15-0.67; p = 0.003).
There were no differences in gender, the ACCI, and the presence of
hyperinflammation comparing AI/IMID vs non-Al/IMID.

A significant inverse association between AI/IMID group and severe
SARS-CoV-2 (OR 0.28; 95% CI 0.12-0.61; p = 0.001), MV (OR 0.20; IC
95% 0.05-0.71; p = 0.014), and ICU admission (OR 0.25; IC 95%
0.10-0.62; p = 0.003) was found in the multivariable model (Table 3).

A sensitivity analysis evaluating our primary outcome in AID and
IMID separately, showed an attenuation of the effect but towards to the
same direction of association that the main analysis for primary outcome
(AID OR 0.36; 95% CI 0.14-0.89; p = 0.028 - IMID OR 0.31; 95% CI
0.09-0.99; p = 0.05). The stratified analysis limited to PCR-confirmed
cases shows similar results (OR 0.33; 95% CI 0.14-0.79; p = 0.013).

4. Discussion

This single-center study reports factors associated with poor prog-
nosis, clinical features related to hospital admission, and the prevalence
of symptomatic SARS-CoV-2 infection in a wide spectrum of AID and
IMID. Our study found that patients with AI/IMID who required
admission for SARS-CoV-2 infection had a lower risk of developing se-
vere disease, including the need to stay in the ICU and MV. However, no
differences with mortality were found among groups. Different from
other similar cohorts, we had a low mortality rate in the whole group
due to severe SARS-CoV-2 infection [11,12,21,23-26].

Some reports from Italy described only a few cases of COVID-19
infection in patients with inflammatory rheumatic diseases, in most
cases with favorable outcomes [27,28]. In a German study, patients with
inflammatory rheumatic diseases did not have a more severe course of
SARS-CoV-2 infection [29]. In a population with sustained immuno-
suppressive treatment such as liver transplantation standardized mor-
tality rates were similar to general matched population. Only those
patients with mycophenolate doses greater than 1000 mg/day had a
higher risk of severe SARS-CoV-2 infection [30].

Compared with the control group, patients with AI/IMID had a
significantly lower risk to meet our primary outcome (severe COVID-
19), but not other surrogates of severe infection. We hypothesize that
the protective effect of AI/IMID may be related to several aspects: 1) a
potential protective benefit of chronic use of immunomodulatory agents
and low doses of glucocorticoids; 2) possible immunomodulatory effects
of Vitamin D taking into account that a large proportion of these patients
take continuous Vitamin D supplements (despite we were unable to
quantified this factor) [31,32]; 3) a better baseline vaccination status
preventing superinfections [33]; and, 4) a tighter control during hos-
pitalization from health workers due to their baseline condition.

In the current study, 58 (68%) out of 85 patients required hospital-
ization due to SARS-CoV-2 infection. Different reports from Spain,
informed a rate of admission between 44% and 71% [11,12,24].
Contrarily to our results where no differences were observed, one study
[12] showed that patients with an autoimmune systemic condition have
a higher risk of hospital admission related to COVID-19 compared with
those with chronic inflammatory arthritis. These results must be inter-
preted with caution because there is no standard classification of Al/I-
MID diagnosis in different published studies and no homogeneous
criteria for admission are used in different centers.

We observed several differences by gender, primary AI/IMID
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Table 3
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Multivariate logistic analysis for Severe SARS-CoV-2 and secondary outcomes.

Outcome Adjusted Odds ratio (95% confidence interval)
iabl

Variable Severe SARS-CoV-2 (n = 64) ICU admission (n = 49) MV (n = 27) Mortality (n = 13)

Age 1.02 (0.99-1.06) 0.99 (0.95-1.02) 0.99 (0.95-1.04) 1.07 (0.98-1.16)

AI/IMID 0.28 (0.12-0.61)* 0.25 (0.10-0.62)* 0.20 (0.05-0.71)* 0.75 (0.18-3.16)

Hypertension 1.77 (0.80-3.94) 1.48 (0.63-3.49) 2.92 (0.99-8.57) 8.67 (0.93-80.64)

CHD 1.64 (0.66-4.02)

Dyslipidemia 1.58 (0.70-3.57) 1.33 (0.50-3.55) 1.41 (0.37-5.42)

COPD 1.78 (0.57-5.51) 1.34 (0.38-4.73)

Diabetes 1.25 (0.33-4.74)
*P < 0.005.

Al/IMID: autoimmune or immune-mediated inflammatory disease; CHD: chronic heart disease; COPD: chronic obstructive pul-
monary disease; GC: glucocorticoids; ICU: intensive care unit; MV: mechanical ventilation.

diagnosis, comorbidities, and baseline treatment according to hospital
admission status. Among all the identified AI/IMID diagnoses, only IBD
showed a lower proportion (5/13, 38%) of hospital admission. Similar
results were found in a large cohort of 6000 IBD patients from France
and Italy [34]. A study including 40 patients with IBD and a positive test
for SARS-CoV-2 in the Basque Country (Spain) showed that although
half of them required hospital admission, none were admitted to the ICU
or required MV [35].

In the present cohort, patients receiving non-anti-TNF anti-cytokine
therapy in monotherapy (i.e., IL-6, IL-12/IL-23, and IL-17 inhibitors) at
baseline were less likely to require hospitalization. Recent data suggest
that patients with IMID receiving cytokine inhibitors may not have an
enhanced but at a lower risk for SARS-CoV-2 infection compared with
the general population and IMID patients not receiving such drugs [36].
Our data show that baseline anti-TNF treatment had no impact on the
need for hospital admission in patients with AI/IMID.

In a cohort-based on medical records from a health insurance in
Detroit, USA, patients with IMID were analyzed according to COVID-19
status, admission rates, need for MV and dead. Those patients under
glucocorticoid treatment had a 5-fold higher risk of admission, while
patients under biologic DMARDs and specifically, those receiving anti-
TNF had lower rates of admission [37]. In a national registry for pa-
tients with inflammatory rheumatic diseases in Germany, hospitalized
patients were more often treated with glucocorticoids while bDMARDs
were used less often [38]. A cohort from New York [39] including pa-
tients with inflammatory arthritis reported higher admission rates in
patients receiving glucocorticoids after adjusting for body mass index
and comorbidities. No differences were found for patients under
anti-TNF therapies or IL-17 blockers. By the other hand, in general
population the RECOVERY trial has shown that treatment with dexa-
methasone at a dose of 6 mg once daily for up to 10 days reduces 28-day
mortality in patients with COVID-19 who are receiving respiratory
support [40].

The prevalence of symptomatic SARS-CoV-2 infection in this cohort
of patients with AI/IMID was low (1.3%). The risk of SARS-CoV-2
infection in patients with AI/IMID remains unclear. A case-control
study from Milano [23] reported a negative association between AID
and positivity for COVID-19 test. Some studies suggested a higher risk in
patients on immunosuppressive or immuno-modulatory treatment [41],
while other studies go in the opposite direction [42]. A recent systematic
review [43] demonstrated a higher prevalence of COVID-19 in patients
with AID (0.011; 95% CI 0.005-0.025) relative to a reference popula-
tion. The meta-analysis demonstrated that the risk of COVID-19 in AID
was significantly higher than in control patients (OR 2.19; 95% CI
1.05-4.58; p = 0.038). Meta-regression analysis showed glucocorticoids
were significantly associated with the risk of COVID-19. Glucocorti-
coids, csDMARDs and biologic/targeted synthetic DMARDs-csDMARDs
combination therapy increased the risk of severe outcomes, whereas
anti-TNF agents in monotherapy were associated with a lower risk of
hospitalization and death.

National health authorities reported a prevalence of SARS-CoV-2

infection around 7% of the general population in Barcelona province
during the first wave [44]. A study focused on AI/IMID in Spain reported
a slightly higher prevalence (0.76% vs 0.58%) of hospital
PCR-confirmed COVID-19 cases than in the general population, espe-
cially in patients under targeted therapies and patients with systemic
disease [45]. In another referral center in Catalonia, only 11 out of 959
patients (1.1%) with rheumatic diseases who completed a telephonic
survey were confirmed as SARS-CoV-2 positive cases [46]. The inci-
dence rates of the rheumatic patients in this cohort were very similar to
that of the general population (0.48% vs 0.58%) [46]. Since many pa-
tients with AI/IMID remained confined during the COVID-19 outbreak, a
protective effect related to self-care and distancing may explain this
lower prevalence respect to the general population [13,47].

Several findings reported in this work were in agreement with the
observations of the largest collection of COVID-19 cases among patients
with rheumatic diseases, the COVID-19 Global Rheumatology Alliance
(C19-GRA) [48]. The C19-GRA has collected more than 2000 patients as
of September 2020 worldwide. The last report containing data for 600
patients from 40 countries [10]. Nearly half of the cases were hospi-
talized (46%) and 55 (9%) died. After multivariable analysis, comor-
bidities including hypertension were associated with higher odds of
hospitalization. On the other hand, treatment with any anti-TNF agent in
monotherapy just prior to COVID-19 diagnosis was significantly asso-
ciated with lower odds of hospitalization compared with no DMARD
therapy.

Information about the impact of SARS-CoV-2 infection over clinical
disease activity is limited. A minor proportion of patients included in our
study had a flare either during SARS-CoV-2 infection or 1 month later. In
most patients, the disease flare was not related to the discontinuation of
baseline immunosuppressive treatment. Identification of flares is not a
simple task after COVID-19 infection since a significant number of pa-
tients persist with symptoms even after 60 days of initiation of infection,
including fatigue, dyspnea, joint and chest pain [49].

Our study has some limitations. Since we included a heterogeneous
group of AI/IMID and targeted therapies, an individual effect by class or
by therapy is difficult to assess. Another limitation of our data is the fact
that we were only able to capture symptomatic patients given the re-
strictions of local health authorities to test for SARS-CoV-2 infection in
asymptomatic patients during the first outbreak. Additionally, we did
not account for obesity as co-variate given a lot of cases with missing
data. However, the present work also has remarkable strengths
including a well-balanced 1:2 control group with a database designed
for the same purpose, identification of disease flare during or after SARS-
CoV-2 infection, a broad spectrum of AI/IMID analyzed, and the analysis
of different severity tools for SARS-CoV-2 infection including hyper-
inflammation score and the 7-category ordinal scale.

5. Conclusions

Most of the information coming from referral centers reporting series
of patients (including our current series) are toward the direction that
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patients with AI/IMID are not at a higher risk of SARS-CoV-2 infection or
are more susceptible to suffer severe disease. The prevalence of symp-
tomatic SARS-CoV-2 infection in patients with AI/IMID is low. Some
sociodemographic factors, certain comorbidities, and the use of targeted
anti-cytokine therapies have an impact on hospitalization. Patients with
Al/IMID who require hospital admission for SARS-CoV-2 infection have
a lower risk of developing severe disease, including the need for
admission to the ICU and MV. Many questions remain unresolved,
including the real protective effect of a sustained immunosuppressive
status over inflammatory response secondary to SARS-CoV-2 infection
as well as the long-term effect over disease activity during disease course
of patients with an underlying AI/IMID. Long term follow-up, infor-
mation from second waves, and bigger data will provide us with more
light to optimize the approach to this type of patients.
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