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ARTICLE INFO ABSTRACT

Keywords: Autoimmune responses mediated by autoantibodies have been observed in SARS-CoV-2 infection. Herein, we

COVID-19 evaluate the presence of rheumatic, thyroid and phospholipid autoantibodies in sera samples from 120 adult

iARS.'COV'? hospitalized patients with COVID-19 in comparison to pre-pandemic samples from 100 healthy individuals. In
umlmmun,lty . addition, to estimate the frequency of these autoantibodies in COVID-19, a meta-analysis of selected articles was

Latent autoimmunity 1 . . . . A .

Clusters conducted. Hospitalized patients with COVID-19 had latent autoimmunity characterized by a high frequency of

anti-thyroid peroxidase antibodies, rheumatoid factor (RF), anti-cyclic citrullinated peptide third generation
antibodies, antinuclear antibodies (ANAs), IgM anti-p2-glycoprotein I (p2GP1) and IgM anti-cardiolipin anti-
bodies. The meta-analysis confirmed our results, with RF and ANAs being the most common autoantibodies. In
addition, cluster analysis revealed that those patients with high frequency of RF, IgM anti-p2GP1 antibodies and
ANAs had a longer hospital stay, required more vasopressors during hospitalization, and were more likely to
develop critical disease. These data suggest that latent autoimmunity influences the severity of COVID-19, and

support further post-COVID studies in order to evaluate the development of overt autoimmunity.

1. Introduction

The natural history of COVID-19, the disease caused by SARS-CoV-2,
is beginning to be deciphered thanks to research and scientific collabo-
ration. One of the most intriguing phenomena of COVID-19 is the pres-
ence of autoimmunity. Indeed, a) autoimmune diseases (ADs) have been
associated with COVID-19, in particular Guillain-Barré syndrome, auto-
immune cytopenia, and antiphospholipid syndrome [1]; b) the presence
of several autoantibodies has been confirmed [2-14], and ¢) autoanti-
bodies against cytokines [15], and even against angiotensin-converting
enzyme 2 (ACE-2) [16], the receptor for SARS-CoV-2, have been
observed and associated with severity of disease.

Autoimmunity is a complex trait in which the interaction between
hereditary factors and the environment plays an important role. Both are
population specific, and influenced by heritability [17]. The

heterogenous expression of autoantibodies in COVID-19 suggest a con-
voluted effect of autoantibodies on the innate and adaptive immune
response of infected patients [18]. However, the role of systemic and
organ specific autoimmunity in COVID-19 patients from real-world data
is still unknown, and studies aimed to evaluate the role of autoantibodies
in outcomes such as mortality or hospital length stay are scarce.

In the present study, latent autoimmunity (i.e., presence of autoan-
tibodies without clinical symptoms or fulfillment of classification criteria
for AD) was evaluated in a group of hospitalized patients with COVID-19
and a meta-analysis of similar studies published to date was undertaken.
Our results indicate for the first time the presence of latent rheumatic and
thyroid autoimmunity in hospitalized patients with COVID-19, and their
association with severity of disease.
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Table 1 2. Methods
General characteristics of 120 hospitalized patients with COVID-19.

Variable (%)

COVID-19 (n: 120)

2.1. Study population

Gender
Female 35 (29.2) Patients were selected using a non-probabilistic sampling (i.e., con-
Male 85 (70.8) venience selection), from Clinica del Occidente and Hospital Uni-

Age (Median - IQR)
Symptoms on admission

57.5 (51.8-66.3)

versitario Mayor Méderi, in Bogota, Colombia. Hospitalized patients with
COVID-19 confirmed by RT-PCR, and without evidence of overt auto-

Fever 95 (79.2) A A . A

Hemoptysis 3(2.5) immunity were included (n: 120). As control group, 100 healthy subjects

Dry cough 91 (75.8) with samples collected 4 years prior the beginning of the pandemic and

Sore throat 27 (22.5) followed at the Center for Autoimmune Diseases Research (CREA) in

gnosm‘a_ fg 823 Bogota, Colombia, were also involved. This was a low-risk study ac-
ysgeusia X . . -

Rhinorrhea 14(11.7) cordlng.to the resolution 8430 of 1993 from the Ministry of Health of

Wheezing 6 (5.0) Colombia.

Chest pain 33 (27.5)

Myalgia 44 (36.7) ..

Arthralgias 36 (30.0) 2.2. Clinical outcomes

Fatigue and malaise 94 (78.3)

Dyspnea 99 (82.5) Medical records were reviewed using a questionnaire that sought

Inability to walk 11 (9.2) information about demographic, clinical and immunological character-

Lower chest wall indrawing 6 (5.0) o s . . qees

Headache 41 (34.2) istics, including age, date of onset, symptoms at onset, comorbidities,

Seizures 2017) oxygen supplementation during hospitalization (i.e., nasal cannula, high-

Abdominal pain 8(6.7) flow nasal cannula, non-rebreather mask, or mechanical ventilation

Nausea/vomiting 15 (12.5) (MV)), pharmacological treatment, time to event since hospitalization

Diarrhea 21 (17.5) (i.e., mortality, intensive care unit (ICU) admission and MV require-

Bleeding 2(1.7) H logical (i I h . 1 . h b

Comorbidities mer%t). emat9 ogical (i.e., ymphopenia, leucopenia, t rom ocyt.o-
Hypertension 43 (35.8) penia), renal (i.e., acute renal injury), infectious (i.e., sepsis, bacterial
Thromboembolic disease 2(1.7) pneumonia), or thromboembolic (i.e., pulmonary embolism, deep vein
Dyslipidemia 14 (11.7) thrombosis) events were also registered.

COPD 3(2.5)

Asthma 0 (0.0)

Chronic kidney disease 9(7.5) 2.3. Autoantibodies

Chronic liver disease 0 (0.0)

Stoke 825) A panel of autoantibodies was evaluated in the sera of cases and pre-

Acid peptic disease 6 (5.0) R . .

Osteoporosis 0 (0.0) pandemic controls. Samples from patients treated with convalescent

Hepatitis C 0 (0.0) plasma, were analyzed prior transfusion. Detection of IgM rheumatoid

Hepatitis B 0(0.0) factor (RF), IgG anti-cyclic citrullinated peptide third generation (CCP3),

?IZ losi (1); ﬂg Egﬁ; IgM and IgG anti-cardiolipin antibodies (ACAs), IgM and IgG anti-p2
uberculosis . . . . .

Diabetes 34/119 (28.6) glycoprotem-.l ([?ZGPI) ant}bod1es, IgG. antl-doub?e-str'anded DN{\

Cancer 1/119 (0.8) (dsDNA) antibodies, IgG anti-thyroglobulin (Tg) antibodies and anti-

Obesity 29 (24.2) thyroid peroxidase (TPO) antibodies were all quantified by enzyme-

Hypothyroidism® 10 (8.3) linked-immunosorbent assay (ELISA), as previously reported in detail

Current smoker 325 [19,20]. In addition, antinuclear antibodies (ANAs) were evaluated by

Former smoker 13 (10.8) ; L. ] .

Pharmacological therapy on admission using an indirect immunofluorescence assay. Positive results were
ACE inhibitors 9(7.5) considered from dilution 1/80. In case of ANA positivity, anti-SSA/Ro,
ARB II 34(28.3) anti-SSB/La, anti-ribonucleoprotein (RNP) and anti-smith (Sm) anti-
Corticosteroids 108 (90.0) bodies were further evaluated by a commercial ELISA. All the assay kits
Antibiotics 117 (97.5) f L DI tics, Inc (San Di CA, USA)

NSAIDs 40 (33.3) were from Inova Diagnostics, Inc (San Diego, CA, .
Bronchodilators 60 (50.0)

Anticoagulants 114 (95.0) 2.4. Statistical analysis

Antimalarials 6 (5.0)

Antivirals 2(1.7)

Oxygen therapy during hospitalization Univariate descriptive statistics were performed. Categorical vari-
Pronation 81 (67.5) ables were analyzed using frequencies, and quantitative continuous
Nasal “s““‘ia . 100 (83.3) variables were expressed as the mean and standard deviation (SD) or the
Non-rebreather mas] 77 (64.2) . . . .
High-flow nasal cannula 17 142) medla.n and 1nterqua.rt11e range (IQR). The Kruskal-Wallis, Man-

Interventions during hospitalization n-Whitney U test, or Fisher’s exact tests were used based on the results.
Dialysis 13 (10.8) Next, we tested the association between antibody levels and critical
ICU admission 73 (60.8) disease (i.e., MV or died) using multivariable logistic regression. To ac-
My 63 (52.5) count for confounding factors, we included age and sex in the regression
Vasopressors 57 (47.5) lvsis. We th d inal babili lysi hicall

Outcomes during hospitalization analysis. We then used a marginal proba ility analysis to graphically
Renal 49 (40.8) display mortality risk at a range of antibody levels.

Infectious 28 (23.3)

?ﬁmati’)bgicsll, 22é68.3) ACE: Angiotensin-converting enzyme; ARB II: Angiotensin receptor blockers 2;
Se\l;:z ;i::;s: ¢ 5 6( (47; 7 COPD: Chronic pulmonary obstructive disease; HIV: Human immunodeficiency
Critical disease (MV or death) 66 (55:0) virus; ICU: Intensive care unit; IQR: Interquartile range; MV: Mechanical venti-
Death 44 (36.7) lation; NSAIDs: Nonsteroidal anti-inflammatory drugs.

2 Not autoimmune
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Table 2
Autoantibodies in hospitalized patients with COVID-19 and pre-pandemic
controls.

Autoantibody COVID-19 (n: Pre-Pandemic Controls (n: P value®
(%) 120) 100)

TPO 44 (36.7) 20 (20.0) 0.0074
Tg 2(1.7) 3(3.0) 0.6611

p2GP1 IgG 0 (0.0) 3(3.0 0.0924

p2GP1 IgM 17 (14.2) 1(1.0) 0.0003
ACA IgG 2(1.7) 5 (5.0) 0.2495

ACA IgM 22 (18.3) 5(5.0) 0.0033
ANAs 14 (11.7) 25 (25.0) 0.0127
RNP 0/14 (0.0) 1/25 (4.0) 1.0000

Sm 2/14 (14.3) 1/25 (4.0) 0.2888

SSB/La 0/14 (0.0) 1/25 (4.0) 1.0000

SSA/Ro 0/14 (0.0) 2/25 (8.0) 0.5277

dsDNA 0 (0.0) 0 (0.0) -

RF 31 (25.8) 14 (14.0) 0.0432
CCP3 7 (5.8) 0 (0.0) 0.0168

@ P values were obtained by Fisher’s exact test. TPO: Thyroid peroxidase ; Tg:
Thyroglobulin, B2GP1: p2-Glycoprotein 1; ACA: Anti-cardiolipin antibody; ANAs:
Antinuclear antibodies; RNP: Ribonucleoprotein, Sm: Smith; dsDNA: Double-
stranded DNA; RF: Rheumatoid factor; CCP3: Cyclic citrullinated peptide third
generation.

To summarize the diverse information of frequencies of autoanti-
bodies in COVID-19, a meta-analysis approach for selected articles was
employed. The logit transformed proportion was used to derive the
weighted proportion. The overall pooled prevalence and 95% confidence
intervals (CIs) were obtained using a random effect model for latent
autoantibodies. Statistical heterogeneity between studies was evaluated
by Cochran’s Q-statistic, as well as Ta? and P statistics. A P value > 0.10
in Q-statistics or <50% in I statistic indicated a lack of heterogeneity
[21].

To determine clusters of patients with COVID-19 disclosing similar
characteristics based on autoantibodies positivity, we used the mixed-
cluster methodology proposed by Lebart et al. [22]. Briefly, a multiple
correspondence analysis was done to obtain the representation of data
based on principal components. Next, the number of clusters by a hier-
archical cluster analysis was determined. Finally, a consolidation step by
k-means clustering was performed. Autoantibodies with frequencies
<5% were excluded since these variables with low frequencies tend to
generate clusters that include only those atypical values. Then, to eval-
uate the clinical relevance of clusters obtained, the risk for critical disease

100% 1

80% 1

60% 1

Probability of MV or Death

40%
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(i.e., MV or died) was tested using a multivariable logistic regression
adjusted for age and sex. A P value of <0.05 was set as significant for all
type of comparisons. All analyses were done using R version 4.0.1.

3. Results
3.1. Study population

General characteristics of patients are shown in Table 1. Most of pa-
tients were men (n:85, 70.8%), with a median age of 57.5 years. The most
common symptoms at onset were dyspnea, fever, malaise and fatigue,
and dry cough (Table 1). Myalgias and arthralgias were present in 36.7%
and 30% of patients, respectively. Other symptoms such as chest pain,
diarrhea, anosmia and dysgeusia were exhibited in <30% of patients.
There was no evidence of overt AD among patients. Levels of thyroid-
stimulating hormone (TSH) were within the normal range. The most
common comorbidities were hypertension (35.8%), type 2 diabetes
mellitus (28.6%), and obesity (24.2%).

During hospitalization, all patients received supplementary oxygen,
by nasal cannula (83.3%), non-rebreather mask (64.2%), MV (52.5%), or
high-flow nasal cannula (14.2%). Most of the patients received antibi-
otics (97.5%), anticoagulation with heparins (95%), and corticosteroids
(90%). Almost half of the patients required management with vaso-
pressors (47.5%). Nine patients were treated with convalescent plasma.
The most common complications during hospitalization were hemato-
logical (68.3%), and renal (40.8%). The 60.8% of patients required ICU
admission, and 36.7% deceased.

3.2. Latent autoimmunity

Frequencies of autoantibodies in COVID-19 patients are shown in
Table 2. Thyroid autoimmunity, given by anti-TPO antibodies, was most
frequent in COVID-19 than in pre-pandemic controls. These patients
showed high positivity for RF and CCP3 antibodies. Infected patients
exhibited higher frequency of IgM ACA and IgM anti-2GP1 antibodies.
COVID-19 patients showed a lower frequency of ANAs than pre-
pandemic controls.

In addition, a concentration-dependent effect of IgG ACAs on the
probability of critically ill disease (i.e., MV or died) in hospitalized pa-
tients with COVID-19 was observed (OR, 1.13; 95% CI, 1.01 to 1.25, P =
0.0439). High titers of these autoantibodies were associated with a
higher probability for this outcome (Fig. 1). None of the other

T

0 10

T T

20 30

IgG ACA levels

Fig. 1. Marginal probabilities for critical disease based on IgG ACA levels. MV: Mechanical ventilation; ACA: Anti-cardiolipin antibody.
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Table 3 Table 4
Latent autoimmunity in COVID-19 (Meta-analysis). Cluster analysis of latent autoimmunity in hospitalized patients with COVID-19.
Autoantibody ~ Number of Cases/COVID-19 " (%, Q (Tai, P) Variable (%) Cluster 1 Cluster 2 Cluster 3 P
articles “ 95% CI) (n: 83) n:7) (n: 30) value®
p2GP1 IgG 12 43/848 (5.40, <0.01 (0.17, Gender 0.3422
3.53-8.18) 32.79% Female 21 (25.3) 2 (28.6) 12 (40.0)
ACA IgG 12 73/848 (8.63, <0.01 (1.37, Male 62 (74.7) 5(71.4) 18 (60.0)
4.29-16.75) 86.25%) Age (median - IQR) 57 (50-66) 58 58 0.7084
ACA IgM 11 98/817 (10.56, 6.82-16) <0.01 (0.42, (53.5-70) (53.25-67)
73.12%) Symptoms on admission
P2GP1 IgM 11 69/817 (7.69, 0.08 (0.2, 47.53%) Fever 67 (80.7) 5(71.4) 23 (76.7) 0.6806
5.21-11.21) Hemoptysis 1(1.2) 0 (0.0) 2(6.7) 0.3093
ANAs 8 109/390 (32.11, <0.01 (1.66, Dry cough 64 (77.1) 4 (57.1) 23 (76.7) 0.4974
15.6-54.71) 92.47%) Sore throat 16 (19.3) 3 (42.9) 8(26.7) 0.2228
RNP 6 2/306 (1.87, 0.74-4.61) 0.87 (0, 0%) Anosmia 15 (18.1) 0 (0.0) 5 (16.7) 0.7566
Sm 6 2/306 (1.52, 0.60-3.8) 1 (0, 0%) Dysgeusia 15 (18.1) 0 (0.0) 4(13.3) 0.6297
dsDNA 6 2/297 (1.92, 0.76-4.74)  0.88 (0, 0%) Rhinorrhea 8 (9.6) 0 (0.0) 6 (20.0) 0.2981
SSB/La 6 1/306 (1.32, 0.46-3.71)  0.97 (0, 0%) Wheezing 3 (3.6) 0 (0.0) 3(10.0) 0.3337
SSA/Ro 5 0/286 (0.99, 0.29-3.36) 0.96 (0, 0%) Chest pain 24 (28.9) 1(14.3) 8 (26.7) 0.8278
MPO 4 2/164 (3.14, 1.1-8.65) 0.39 (0, 0%) Myalgia 34 (41.0) 0 (0.0) 10 (33.3) 0.0882
Proteinase 3 4 5/164 (4.43, 0.45 (0.09,9.79%) Arthralgias 24 (28.9) 0 (0.0) 12 (40.0) 0.1087
1.82-10.40) Fatigue and malaise 67 (80.7) 5(71.4) 22 (73.3) 0.5840
ANCA 3 10/137 (4.9, <0.01 (2.64, Dyspnea 70 (84.3) 6 (85.7) 23 (76.7) 0.7080
0.56-31.91) 70.47%) Inability to walk 8 (9.6) 1(14.3) 2(6.7) 0.7388
RF 3 43/171 (19.9, 0.06 (2.26, Lower chest wall 4 (4.8) 0 (0.0) 2(6.7) 0.7615
3.64-61.96) 93.09%) indrawing
Ro 52 3 4/82 (6.38, 1.25-26.74) 0.06 (1.07, Headache 29 (34.9) 1(14.3) 11 (36.7) 0.6701
46.56%) Seizures 0 (0.0) 0 (0.0) 2(6.7) 0.0933
Ro 60 3 5/82 (6.6, 1.04-32.04) 0.03 (1.65, Abdominal pain 7 (8.4) 0 (0.0) 1(3.3) 0.8046
57.76%) Nausea/vomiting 13 (15.7) 0 (0.0) 2(6.7) 0.4228
cep 2 8/149 (5.46, 0.61 (0, 0%) Diarrhea 17 (20.5) 0 (0.0) 4(13.3) 0.4121
2.75-10.54) Bleeding 0 (0.0) 0 (0.0) 2(6.7) 0.0933
TPO 1 44/120 (36.67, NA Comorbidities
28.54-45.63) Hypertension 32 (38.6) 2(28.6) 9 (30.0) 0.6765
Tg 1 2/120 (1.66, 0.42-6.42)  NA Thromboembolic 2(2.4) 0 (0.0) 0 (0.0) 1.0000
Tau? is the variance of the effect size parameters across the population of studies (]?;:E;?demia 14 (16.9) 0 (0.0) 0 (0.0) 0.0274
and it reflects the variance of the true effect size (i.e., heterogeneity among COPD 2(2.4) 0(0.0) 13.3) 1.0000
studies). I refers to the percentage of heterogenetic among the included studies. Asthma 0 (0.0) 0 (0.0) 0 (0.0) _
B2GP1: p2-Glycoprotein 1; ACA: Anti-cardiolipin antibody; ANAs: Antinuclear Chronic kidney disease 8(9.6) 0 (0.0) 1(3.3) 0.6807
antibodies; RNP: Ribonucleoprotein ; Sm: Smith; dsDNA: Double-stranded DNA; Chronic liver disease 0(0.0) 0(0.0) 0(0.0) -
MPO: Myeloperoxidase; ANCA: Anti-neutrophil cytoplasmic antibody; RF: Stroke 224 0(0.0) 133 1.0000
Rheumatoid factor; CCP: Cyclic citrullinated peptide; TPO: Thyroid peroxidase; Acid peptic disease 6(7.2) 0(0.0) 0(0.0) 0.4371
Tg: Thyroglobulin; CI: Confidence interval; NA: Not applicable/available; Esti- osmo[_"?rom 0(0.0) 00.0) 0(0.0) -
. . Hepatitis C 0 (0.0) 0 (0.0) 0 (0.0) -
m:tlon was donej assuming a rz.mdom eff.ects model. . Hepatitis B 0(0.0) 0(0.0) 0(0.0) B
Results of this study were included in the global analysis. Results were or- HIV 1/82 (1.2) 0(0.0) 0 (0.0) 1.0000
dered according to the number of articles included in each meta-analysis. Tuberculosis 0 (0.0) 0 (0.0 0 (0.0) _
Y COVID-19 represents the total of patients reported in selected articles. Diabetes 25/82 1(14.3) 8(26.7) 0.7360
(30.5)
autoantibodies evaluated exhibited association with this outcome (Data 8122?; ;(/)8(225‘.11'?) (1) E(l)f.)s) 222)7) (1):2(7)28
not shown). Hypothyroidism 8(9.6) 0(0.0) 2(6.7) 1.0000
In order to estimate the prevalence of latent autoantibodies in pa- Current smoker 2(2.4) 0 (0.0 1(3.3) 1.0000
tients with COVID-19 a meta-analysis of selected articles reporting fre- Former smoker 12 (14.5) 0(0.0) 163 0.2038
quencies of autoantibodies in hospitalized patients with COVID-19 was Pharmf’w_lo,glcal therapy on admission
. L. ) . ACE inhibitors 6(7.2) 0 (0.0) 3(10.0) 0.8273
conducted [2-14]. The detailed description of these manuscripts is ARB II 24 (28.9) 4(57.1) 6 (20.0) 0.1342
shown in Supplementary Appendix 1. This analysis disclosed a hetero- Corticosteroids 75 (90.4) 6 (85.7) 27 (90.0) 0.8734
geneous autoimmune phenomenon (i.e., latent autoimmunity). ANAs Antibiotics 82 (98.8) 7 (100.0) 28 (93.3) 0.3093
and RF were the most common, whereas other autoantibodies exhibited ESAH;S il i: Ei;;g 2 Egg-gg 1; Egg-gg 8-312358
. ronchodilators . . . .
frequencies lower than 11% (Table 3). Anticoagulants 78 (940)  7(100.0) 29 (96.7) 1.0000
Antimalarials 3(3.6) 0(0.0) 3(10.0) 0.3337
. Antivirals 1(1.2) 0 (0.0) 1(3.3) 0.5234
3.3. Latent autoimmune clusters Oxygen therapy during hospitalization
Pronation 54 (65.1) 5(71.4) 22 (73.3) 0.7501
General characteristics of clusters are shown in Table 4. Three main Nasal cannula 69 (83.1) 5714 26 (86.7) 0.5907
clusters were observed. The first cluster was characterized by a low fre- Non-rebreather mask 51(614) 6857 20 (66.7) 0.5193
. . . . | High-flow nasal cannula 13 (15.7) 0 (0.0) 4 (13.3) 0.7382
quency of autoantibodies and included 83 patients (Fig. 2). The second Interventions during hospitalization
cluster included 7 patients with high positivity for anti-CCP3 (P = Dialysis 10 (12.0) 0 (0.0 3 (10.0) 1.0000
0.0001), and the third cluster comprised 30 patients with high positivity ICU admission 49 (59.0) 3 (42.9) 21 (70.0) 0.3412
for multiple autoantibodies including RF (56.7%, P = 0.0001), IgM anti- My 40 (48.2) 3 (42.9) 20 (66.7) 0.2006
p2GP1 antibodies (56.7%, P = 0.0001), and ANAs (43.3%%, P =  ViOPressors T Ee 14y 19633 00457
i K X utcomes during hospitalization
0.0002). Patients from the third cluster frequently required management Renal 33 (39.8) 4(57.1) 12 (40.0) 0.6590

with vasopressors during hospitalization (63.3%, P = 0.0457), had pro-
longed hospital stay (Kruskal-Wallis test, P = 0.0314), and were more

(continued on next page)
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Table 4 (continued)

Variable (%) Cluster 1 Cluster 2 Cluster 3 P
(n: 83) (n:7) (n: 30) value®

Infectious 19 (22.9) 2 (28.6) 7 (23.3) 0.9339
Hematological 56 (67.5) 3 (42.9) 23 (76.7) 0.2226
Thromboembolic 8(9.6) 0 (0.0) 0 (0.0) 0.1944
Severe disease 44 (53.0) 3(42.9) 9 (30.0) 0.0879
Critically ill disease (MV 41 (49.4) 4 (57.1) 21 (70.0) 0.1409
or death)
Death 31 (37.3) 2 (28.6) 11 (36.7) 1.0000

Days of hospital stay 13 (8-21) 8 (6-13) 17 0.0314
(median - IQR) (13-27.8)

Days of ICU management 14 (9-19) 8 (8-10) 13 (10-20) 0.3204
(median - IQR)

Days on MV (median — 13 9 (6.5-9) 13 0.2281
IQR) (8.8-19.3) (8.8-20.3)

Quantitative variables were analyzed by Kruskal-Wallis test. ACE: Angiotensin-
converting enzyme; ARB II: Angiotensin receptor blockers 2; COPD: Chronic
pulmonary obstructive disease; HIV: Human immunodeficiency virus; ICU:
Intensive care unit; IQR: Interquartile range; MV: Mechanical ventilation;
NSAIDs: Nonsteroidal anti-inflammatory drugs.

@ P values for categorical variables were obtained by Fisher’s exact test.

likely to develop a critical disease (AOR, 2.75; 95% CI, 1.08 to 7.02; P =
0. 0339) (Table 5).

4. Discussion

In this study, hospitalized patients with COVID-19 exhibited latent
rheumatic, thyroid and antiphospholipid autoimmunity. Anti-
phospholipid, ANAs, RF, anti-CCP3 and anti-TPO antibodies were the
most common autoantibodies, and levels of IgG ACA were associated
with MV or mortality. Cluster analysis revealed that patients with ANAs,
RF, and IgM anti-p2GP1 antibodies together were more prone to develop
critical disease. The temporal association of autoimmunity and COVID-
19 suggests that SARS-CoV-2 may be a trigger for autoimmunity.

Autoimmunity is a continuum spectrum phenomenon ranging from
latent autoimmunity (i.e., pre-clinical disease) to overt ADs (Fig. 3) [21,
23-26]. Little is known about the precise frequency of autoantibodies in
patients with COVID-19, and their influence on clinical outcomes.

TPO
mml@e== Cluster 1
Cluster 2
m=@e==  Cluster 3
RF
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Table 5
Latent autoimmune clusters and critical COVID-19 (multivariate analysis).
Variable AOR 95% CI P value
Cluster®
2 1.19 0.23 to 6.21 0.8333
3 2.75 1.08 to 7.02 0.0339
Age 1.03 1.0 to 1.06 0.0326
Sex (Male) 2.11 0.9 to 4.95 0.0879

? Cluster 1 was set as reference. AOR: Adjusted odd ratio; CI: Confidence
interval.

Several reports have shown diverse prevalence of autoantibodies. The
most reported are the antiphospholipid antibodies and ANAs [2-14].
Herein, we found that adult hospitalized patients with COVID-19
exhibited higher frequency of latent phospholipid, rheumatic and thy-
roid autoimmunity when compared with pre-pandemic controls. In
addition, meta-analysis of selected articles showed that ANAs and RF
were the most common autoantibodies, followed by antiphospholipid
antibodies. This suggest that COVID-19 is characterized by an autoim-
mune phenomenon that may influence inflammatory response. Longi-
tudinal analysis of recovered patients will be critical to understand the
persistence of these autoreactivities and the role of latencies in the
development of overt ADs (Fig. 3). This is of paramount importance to
personalized medicine, early pharmacological therapeutics and to
establish effective long-term care protocols.

Latent autoimmunity and its association with clinical outcomes in
COVID-19 have been mainly associated with antiphospholipid [1], ACE-2
[16], and IFN-a [15] autoantibodies. However, recent evidence suggests
that patients with COVID-19 may present other autoantibodies that in-
fluence the progression of the disease. In the study of Wang et al. [18], in
addition to IFN-a autoantibodies, patients with COVID-19 exhibited a
convoluted immune response secondary to the increase of antibodies
against lymphocytes or the central nervous system. In our study, we
demonstrated that clustering of autoantibodies allowed the recognition
of patients with worse prognosis. Patients with positivity for ANAs, RF,
and IgM anti-p2GP1 antibodies were more likely to develop critically ill
disease, having longer clinical stay, and requiring more vasopressors
during hospitalization.

Our results are in line with those of Woodruff et al. [14], who found
that patients with high levels of C reactive protein (CRP) exhibited high

ACA IgM
100%

59%,. — — ANAs
Ve
\ /
\\ ~ ///
= B2GPI IgM
CCP3

Fig. 2. Radar plots of frequency of autoantibodies by cluster. ACA: Anti-cardiolipin antibodies; ANAs: Anti nuclear antibodies; p2GP1: p2-Glycoprotein 1; CCP3: anti-
cyclic citrullinated peptide third generation; RF: Rheumatoid factor; TPO: Thyroid peroxidase antibodies.
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From autoimmunity to autoimmune diseases (polyautoimmunity)

The presence of autoantibodies or biomarkers of autoimmunity
without clinical symptoms and signs of autoimmune disease (AD).
Also known as pre-clinical AD.

The presence of clinical symptoms or signs as a consequence of
T cell activation (i.e., positive tissue biopsy) or B cell activation
(i.e., presence of specific autoantibodies) configuring a disease.

-
< <

Latent

The presence of autoantibodies or biomarkers of autoimmunity
unrelated (non-specific) to an undergoing AD, with no clinical
symptoms and signs of such an additional autoimmune condition.
Expanded polyautoimmunity, when there are autoantibodies or
V biomarkers associated with at least two ADs.

Polyautoimmunity

&
<

The presence of two or more well-characterized and clinically
manifested ADs in a single patient. Multiple autoimmune syndrome,
if three or more ADs.

The simultaneous presence of both overt and latent
polyautoimmunity is possible as well as the presence of both
systemic and organ-specific autoimmunity.

Fig. 3. Continuum spectrum of autoimmunity. From latent to overt autoimmune diseases. AD: autoimmune disease.

positivity for ANAs and RF. Other studies found similar results in which
ANAs and antiphospholipid antibodies were associated with mortality
[14] or thromboembolic manifestations [4,11]. This is of critical rele-
vance since clinical testing for ANAs, RF, and IgM anti-p2GP1 may allow
the identification of patients that will develop deleterious outcomes
during hospitalization. Altogether, data indicate that the miscellaneous
clinical presentation of patients with COVID-19 is influenced by multiple
pathways of autoimmunity and support the use of immunomodulatory
therapies in hospitalized patients, which have been recently confirmed as
modifiers of disease [27]. It would be of interest to evaluate whether
early administration of immunomodulatory therapies based on anti-
antibodies profiling may help to lessen the inflammatory response and
impact the adverse outcomes in this condition.

Several biomarkers have been tested for their reliability in clinical
settings for patients with COVID-19. The CRP, IL-6, ferritin and D-Dimer
have been associated with deleterious outcomes [28-31]. However,
other immunological parameters have emerged as potential biomarkers
for monitoring the disease. In the study of Zuo et al. [13], levels of
antiphospholipid antibodies were associated with neutrophil hyperac-
tivity (i.e., including the release of neutrophil extracellular traps), higher
platelet count, more severe respiratory disease and lower glomerular
filtration rate. In other study, anti-Annexin A2 antibody levels were
associated with mortality [32]. In our study, it was found that IgG ACA
levels were associated with prediction of critical disease, suggesting that
levels of antiphospholipid antibodies may help monitoring the disease
and guide the treatment (e.g., appropriate anticoagulation and immu-
nosuppresive regimens).

Our study has several strengths. We included hospitalized patients
with COVID-19 that did not have prior history of autoimmunity, and
those patients with overt autoimmunity were excluded from the study.
This guaranteed that evaluation of latency was accurate allowing a pre-
cise estimation of the real clinical effect of latencies in COVID-19 from
real-world data. In addition, loss of data was lower than 1%.

Limitations must be also acknowledged. This was a retrospective
study that could have been susceptible for selection bias. However,
grouping for this study was researcher independent given by the unsu-

pervised machine learning approach implemented. It is highly unlikely
that our results might be influenced by chance alone or the moderate
sample size.

5. Conclusions

Latent autoimmunity is common in adult hospitalized patients with
COVID-19. Follow-up of patients with latent autoimmunity may clarify
the role of autoantibodies in post-COVID disease, or the development of
overt autoimmunity. Latent autoimmunity is useful to classify patients
that may develop a critical disease. IgG ACA should be considered in
monitoring the disease.
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