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Abstract

Introduction: There is a lack of information on how immunomodulatory drugs for autoimmune rheumatic diseases (ARDs) impair humoral immune
response following SARS-CoV-2 exposure.

Methods: A prospective study was performed with ARD patients on synthetic or biologic DMARDs (sSDMARDs or hDMARDS) classified into three
groups (antimalarial monotherapy, antimalarial plus bDMARD, antimalarial plus SDMARD) and a fourth group (control). All patients underwent
a clinical baseline interview, anti-SARS-CoV-2 I1gG/IgM tests at baseline and three months later, monitored for incident respiratory symptoms at
follow-up, with rRT-PCR in suspected cases.

Results: One hundred patients were included. Fewer than half who turned IgG positive (42.8%) remained asymptomatic. All three positive rRT-PCR
patients showed seroconversion for anti-SARS-CoV-2 IgG. There was also a trend for significant association for more frequent use of bDMARDSs in
IgG-positive patients (42.9% vs. 19.8%, p=0.056). Although patients on bDMARDs were also on antimalarial drugs, most of the patients who were
not on bDMARDs were also on antimalarial drugs (group 1 and 3). Hence antimalarial use was widely present in both comparator groups. On the
other hand, none of the patients on non-antimalarial SDMARD had detectable anti-SARS-CoV-2 1gG compared to 35.4% the remaining sample
(0.0% vs. 35.4%, p=0.050).

Conclusion: Although anti-SARS-CoV-2 IgG positivity was quite common (14% incidence), half evolved asymptomatically. Temporally withholding
bDMARD therapy in ARD patients during the pandemic based on possible humoral response impairment seems not suitable. SDMARD was
associated with a lower incidence of anti-SARS-CoV-2 IgG positivity, although the study was not properly designed to clarify this matter.
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" In this pandemic setting, for the purpose of identifying susceptible groups,
Introductlon it has been shown that patients with severe SARS-CoV-2 infection share
some comorbidities, such as diabetes mellitus, arterial hypertension, coronary
heart disease, and previous lung disease [6]. Since all these conditions are
characterized by underlying inflammation, it was reasonable to presume
reported in Wuhan, Hubei Province, central China, in December 2019 [1,2]. that chronic inflammfitory_rheumatic_ diseases _might also arise as a risk
Since then, with a well-marked feature of fast dissemination by inter-human ~factor for COVID-19 infection [7]. This was particularly true because of the
contact, in addition to its high level of virulence, the disease has brought already known increased risk for viral infections in this group of patients [8].
people to an unprecedented health crisis and has forced the World Health ~ Furthermore, most synthetic and biologic disease-modifying antirheumatic
Organization (WHO) to declare that COVID-19 has become pandemic [3]. drugs (DMARDs) currently used in ARD patients have already been shown to
Currently, the entire world registers over 108 million infected people and incrg_ase both the incidence and severi_t y of infectiqns; thus, GOVID-19 COL-”d

' : - ' additionally run a more severe course in these patients [9,10]. However, with

z r)umb:ar o‘ff_ledthal cases .Of ap;;rl_oxnrratﬁa/ 2'4b1m"'°n [4. HQWEVZF dESp't,e the increase in coronavirus scientific data, from the initial case reports to well-
uzhnfllyc:hs:rlalgterziizse; br;?hoé ;E)rues:acnceeif mﬁéorezg]i;afgr?r;%r;timf??:jgﬁ, Fiesigned longitudinal gtudjes on risk factors for (?OVID-19, it bepame clear.that
fever, dyspnea and fatigue) accompanied by lymphopenia. Nevertheless, in mﬂgmmatory rheumatic diseases W.e re sgldom mcludeq gs afisk fgctor. aither
for incident or severe SARS-CoV-2 infection [11]. In addition, there is evidence

;@i;gﬁ::gﬂ:ﬁiﬁ;gﬂ;ﬂt tzvg;v;;o[gneumoma with an acute respiratory of some hiologic DMARDs being used for the treatment of severe cases of
' COVID-19 [12-14].
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Coronavirus disease 2019 (COVID-19), caused by a newly described
beta coronavirus known as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2 virus), has spread worldwide since the first official case was
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effective particularly after 10 days of symptoms onset [18]. Serology may also
prove to be important for identifying the development of persistent COVID-19
immunity, as detected by the persistence of serum antibody positivity,
particularly for 1gG; however, whether it could prevent recurrent infection is
still unknown [19].

The ability to produce detectable levels of anti-SARS-CoV-2 antibodies
after COVID-19 exposure seems to vary among patients. Some patients will
develop high titers of IgM/IgA and most importantly 1gG, while a substantial
amount of them will not present any serum antibody detected by current
methods, even after a PCR-confirmed COVID-19 infection [20]. The factors,
either clinical or demographic, that determine one person to produce detectable
antibodies after exposure are unclear. Likewise, it is also unknown whether
rheumatic patients and the use of conventional or biologic DMARDs have any
effect on anti-SARS-CoV-2 antibody development.

This study aimed to assess the serologic performance of rheumatic
patients, for both non-autoimune rheumatic diseases and autoimune rheumatic
diseases (ARDs), on synthetic and biologic DMARD during the COVID-19
pandemics in Sao Paulo, Brazil.

Materials and Methods

Patient selection

One hundred patients (>18 yrs) with a diagnosis of rheumatic diseases
followed by four rheumatologists (members of this research team: FMS, MOP,
JBL, JFC) were enrolled in this prospective study from March 2020 to August
2020 in Sao Paulo, Brazil.

To ensure representativeness of using multiple different synthetic and
biologic DMARDs, a convenience sampling method was performed by selecting
patients according to medication use into four groups: Group 1 (antimalarial
monotherapy), Group 2 (antimalarial plus biologic DMARD), Group 3
(antimalarial plus any other synthetic DMARD) and Group 4 (no antimalarial/
DMARD). The latter consisted of a control group of patients currently not on
any synthetic or biologic DMARD, including antimalarials. To proceed with
the identification of potential patients for enrollment, the rheumatologists
performed an electronic systematic search in their medical records searching
for common names of antimalarials, non-antimalarial sDMARDs and
bDMARDs. Diseases known not to use any of these medications, such as
Fibromyalgia, Osteoarthritis and Osteoporosis, were searched for the control
group (Group 4). Patients were then sequentially invited from these lists and,
once informed consent signed, they were allocated into each group according
to medication use.

Clinical and demographic data

Patients underwent a baseline clinical interview by telephone, email or
office appointment to confirm medical information. Demographic and disease
clinical data were collected. Patients were also asked at baseline whether
they had any respiratory symptoms suggestive of COVID-19 at any time since
the beginning of the pandemic. They were then weekly assessed for a total
period of 12 weeks using a specific questionnaire to monitor symptoms such
as cough, rhinorrhea, dyspnea, anosmia, fatigue, diarrhea and fever, as well
as the need for hospitalization.

Laboratory data assessment

Study participants were scheduled for two at-home blood sample
collections for anti-SARS-CoV-2 IgM and IgG identification. An automated
chemiluminescence immunoassay (CLIA) for the qualitative determination of
IgG and IgM antibodies against the spike (S) and nucleocapsid (N) proteins
from SARS-CoV-2 in human serum or plasma was run in the MAGLUMI
analyzer (Snibe Diagnostics, Shenzhen China) according to the manufacturer’s
instructions. The results are presented in aleatory units per mL (AU/mL) in
comparison to calibrators also provided in the kit.

The first blood collection was drawn at baseline and the second one up to
twelve weeks later. Between these two procedures, all patients were monitored
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through weekly telephone contact actively searching for new-onset respiratory
symptoms. Symptomatic patients were referred to their treating rheumatologist
to judge whether these symptoms could not be otherwise explained by previous
chronic respiratory conditions. If the acute respiratory syndrome was deemed
to be highly suggestive of COVID-19 infection by the treating physician, then
the patient was submitted to at-home naso/oropharyngeal swab collection for
SARS-CoV-2 rRT-PCR testing. The combined naso/oropharyngeal swabs
were immersed in 3 mL of sterile saline 0.9% and transported to the lab.

RT-PCR: An aliquot of 200 uL was extracted by the DSP Virus/Pathogen kit
in the automated platform QIAsymphony and eluted in 60 pL. Five microliters
of eluate was subjected to rRT-PCR with primers and probe from the viral
E gene in duplex to the cellular control RNAseP, as described, employing
TaqMan Fast Virus 1-Step Master Mix (ThermoFisher, Brazil). A Ct value of 35
was adopted as the cut-off [21]. The limit of detection was determined as 408
copies/mL by probit analysis using the ACCUPLEX SARS-COV-2 reference
material (0505-0126, Seracare, USA).

Patients whose serologic test resulted in IgG positivity at baseline were
censored and thus not submitted to the second blood collection.

Statistical analysis

All demographic and clinical variables were compared between patients
according to serologic status, which was assessed in four different scenarios:
positivity for any immunoglobulin (Ig) at any time, positivity for IgG at any time,
seroconversion for any Ig throughout the follow-up and seroconversion for IgG
throughout the follow-up. Seroconversion was defined as the absence of the
respective antibody at baseline followed by a later positive test.

All analyses were performed using R software version 3.5.2 (R
Development Core Team, 2005). Chi-square, Fisher's exact, Mann-Whitney,
Student’s T, and Welch's T tests were used as appropriate. A univariate
analysis was performed between baseline variables for the different serologic
classifications. The significance level was set at 5% (P=0.05).

The study was approved by the local ethical board (Ethics Committee
from Hospital Santa Paula) and by the national ethical board (CONEP-
National Commission on Ethics and Research) at the register number CAAE:
30444020.3.0000.0008. All patients signed a written informed consent form
before enrollment, and the study was conducted in accordance with the
Declaration of Helsinki [22].

Results

A total of 100 patients were selected and included in the final analysis
(Figure 1). The demographic data are described in Table 1. The cohort was
largely represented by autoimmune rheumatic diseases (ARDs). Systemic
lupus erythematous (SLE) was the most common diagnosis (19%), followed
by psoriatic arthritis (PsA) (16%) and rheumatoid arthritis (RA) (15%). The
remainder ARDs consisted of Undifferentiated Connective Tissue Diseases
(UCTDs), Ankylosing Spondylitis (ASs), other spondyloarthritis (SpAs), Sjogren
Syndromes (SS), Antiphospholipid Syndrome (APS) and Kikuchi Disease.
Overall, the cohort of ARDs consisted of patients in remission of disease activity
(76.3%). Those with mild and moderate disease activity represented 14.5%
of ARDs patients. Percentage of patients in disease remission according to
specific diagnosis were as follows: UCTD (100%), AS (100%), Kikuchi Disease
(100%), APS (100%), PsA (94%), other SpAs (83%), RA (64%), SLE (63%),
and SS (60%). The sample size for each group was as follows: Group 1
(n=28), Group 2 (n=23), Group 3 (n=23) and Group 4 (n=26). Twenty-six (26%)
patients were not on any synthetic or biologic DMARD, including antimalarial
drugs. These individuals represented a miscellaneous combination of non-
ARDs including Fibromyalgia, Osteoporosis and Osteoarthritis. They served
the purpose of a control group (Group 4). Antimalarials used included
Hydroxychloroquine Sulphate and Chloroquine Diphosphate. Non-antimalarial
synthetc DMARD (sDMARD) included Methotrexate, Sulfasalazine,
Azathioprine, 6-mercaptopurine and Mycophenolate Mofetil. Biologic DMARDs
(bDMARD) included Abatacept, Secukinumab, Infliximab, Golimumab and
Adalimumab.
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Figure 1. Schematic overview of the study design. Prospective study with four treatment
arms. A total of 100 patients with rheumatic diseases were enrolled. Six of these patients
had detectable anti-SARS-CoV-2 IgG at baseline. All patients were followed for up to 12
weeks with regular weekly telephone contact actively searching for incident respiratory
symptoms. Seroconversion for anti-SARS-CoV-2 IgG was found in eight patients.

Table 1. Demographic and clinical characteristics of RD patients enrolled in the study.

N =100

Age (years), mean (SD) 46.5 (14.2)
Sex, n (%)
Male 15 (15.0%)
Female 85 (85.0%)
Months since RD diagnosis, median
(QR) 36 (21-80)
RD activity, n (%)

Remission 49 (73.1%)

Mild 8 (11.9%)

Moderate 6 (9.0%)

Severe 4 (6.0%)
Respiratory symptoms, n (%) 33 (33.0%)

Groups according to therapy, n (%)

Group 1 28 (28.0%)
Group 2 23 (23.0%)
Group 3 23 (23.0%)
Group 4 26 (26.0%)
Antimalarial use, n (%) T4 (74.0%)
sDMARD use, n (%) 31(31.0%)

Months on SDMARD use, median (IQR) 7(3-31)
bDMARD use, n (%) 23 (23.0%)
Months on bDMARD use, median (IQR) 16 (1-45)
GC use, n (%) 43 (43.0%)

GC dose?, median (IQR) 0(0-3)

Note: SD, standard deviation; RD, rheumatic disease; IQR, interquartile
range; SDMARD, synthetic DMARD; bDMARD, biologic DMARD; GC,
glucocorticoid.'prednisone or equivalent to prednisone.

At baseline, 7 (7%) patients tested positive for anti-SARS-CoV-2
antibodies, either 1gG, 1gM or both. Of these, 6 were positive for IgG and,
hence, were censored. None except for 1 could recall any respiratory
symptoms since the beginning of the pandemics. The patient who did recall
respiratory symptoms presented four weeks before study enrollment with
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typical COVID-19 symptoms, including fever, fatigue, cough and dyspnea. By
that time, her chest CT confirmed a highly likely COVID-19 pneumonia, and
although she was admitted for a few days, no oxygen supplementation was
warranted. Her recovery was unremarkable. The remaining 94 (94%) patients
were submitted to weekly follow-up and finally to the second blood test.

Thirty-three (33%) patients presented respiratory symptoms, mostly mild,
during the follow-up. None of them required admission. Nine of these cases
were considered highly suggestive of COVID-19 infection and were then
submitted to SARS-CoV-2 rRT-PCR testing. Three (33.3%) were positive, and
six (66.7%) were negative. Notably, all three positive rRT-PCR patients later
had detectable anti-SARS-CoV-2 IgG. Additionally, two suspected patients
whose rRT-PCR results were negative also had detectable anti-SARS-CoV-2
IgG in the follow-up.

Twenty-one (21%) individuals tested positive for some anti-SARS-
CoV-2 Ig at some point of the study. As expected, there was a trend for a
higher incidence of respiratory symptoms among those who tested positive
for some Ig compared to those who did not (52.6% vs. 29.1%, P=0.062). No
other significant difference or trend was found when Ig-positive patients were
compared to Ig-negative patients (Table 2). Fourteen (14%) patients tested
positive for anti-SARS-CoV-2 IgG at some point of the study. These patients
were significantly older (54.3 yrs + 8.2 vs. 45.2 yrs + 14.6, p=0.002) than their
IgG-negative counterparts. There was also a trend for significant association
for more frequent use of bDMARDSs in IgG-positive patients (42.9% vs. 19.8%,
P=0.056) (Figure 2). It is remarkable to note that fewer than half of the patients
(42.8%) who tested 1gG positive (6/14) in the study reported no respiratory
symptoms (Table 3). In Figure 3, the final results for any time anti-SARS-CoV-2
positivity in the entire sample is depicted.

Potential predictors for any Ig seroconversion and specifically for I8G
seroconversion were also assessed. Fourteen (14%) patients subsequently
tested positive for some anti-SARS-CoV-2 Ig at follow-up after negative
baseline serology. These patients presented more frequently with respiratory
symptoms during the follow-up compared to those patients who remained
persistently Ig negative (64.3% vs. 27.7%, P=0.012) (Table 2). Eight (8%)
patients developed detectable IgG in the second serology after testing negative
at baseline. A trend for a higher incidence of respiratory symptoms was found
in these patients compared to those who showed no IgG seroconversion
(62.5% vs. 31.4%, P=0.075). While none of these patients were on use of
non-antimalarial SDMARD, nearly one-third of patients who remained 1gG
negative during the follow-up were on non-antimalarial SDMARD, resulting in
a trend for statistical significance (0.0% vs. 35.4%, P=0.050) (Table 3). IgG
seroconversion according to specific groups are shown in Figure 1.

Discussion

This was a prospective study in which all patients underwent the same
standardized protocol, with blood serology by a highly accurate method at
two different time points. This study assessed the pattern of anti-SARS-CoV-2
antibodies during the pandemics of COVID-19 in Brazilian rheumatic patients,
and fourteen percent were infected by SARS-CoV-2, as confirmed by anti-
SARS-CoV-2 IgG positivity. Herein, although infected patients presented more
often with respiratory symptoms, it is remarkable to note that asymptomatic
COVID-19 infections were fairly frequent in this population (50.0%). None of
the patients showed severe COVID-19, and all patients who presented with
respiratory symptoms in the study fully recovered. A higher use of bDMARD
and a lower use of SDMARD in those patients who turned SARS-CoV-2 IgG
positive were also found, even among asymptomatic COVID-19 infections.
To date, this is the first prospective study to assess anti-SARS-CoV-2
seroconversion in rheumatic disease patients.

Synthetic and biologic DMARDs are well known for increasing both the
frequency and severity of infections in rheumatic disease patients who are
on chronic use [10]. Although the magnitude and propensity for specific
pathogens may vary among different drugs, on average, this has been true
for both bacterial and viral etiologies [8,23]. In this scenario, COVID-19 started
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Table 2. Baseline characteristics of patients according to immunoglobulin (Ig) positivity at any time point and seroconversion to Ig during the study.

Ig Neg (n = 79) Ig Pos (n = 21) p Semgf:‘gg Neg Se”’(f]":vl"g Pos p
Age (years), mean (SD) 45.6 (14.4) 49.8 (13.0) 0.238 46.4 (14.3) 46.7 (14.3) 0.936
Sex, n (%) 1.000 1.000
Men 12 (15.2%) 3(14.3%) 13 (16.3%) 2 (14.3%)
Women 67 (84.8%) 18 (85.7%) 72 (84.7%) 12 (85.7%)
Months since RD diagnosis, median (IQR) 36 (64-20) 60 (24-96) 0.399 36 (19-69) 60 (28-105) 0.219
RD activity, n (%) 0.680
Remission 36 (70.6%) 13 (81.2%) 40 (71.4%) 8 (80.0%)
Mild 7 (13.7%) 1(6.2%) 7 (12.5%) 1(10.0%)
Moderate 4(7.8%) 2 (12.5%) 5(8.9%) 1(10.0%)
Severe 4(7.8%) 0(0.0%) 4(7.1%) 0(0.0%)
Respiratory symptoms, n (%) 23 (29.1%) 10 (52.6%) 0.062 23 (27.7%) 9 (64.3%) 0.012
Groups according to therapy, n (%) 0.655 0.888
Group 1 24 (30.4%) 4(19.0%) 24 (28.2%) 4 (28.6%)
Group 2 17 (21.5%) 6 (28.6%) 20 (23.5%) 2 (14.3%)
Group 3 17 (21.5%) 6 (28.6%) 19 (22.4%) 4 (28.6%)
Group 4 21 (26.6%) 5(23.8%) 22 (25.9%) 4 (28.6%)
Antimalarial use, n (%) 58 (73.4%) 16 (76.2%) 1.000 63 (74.1%) 10 (71.4%) 1.000
NAM sDMARD use, n (%) 24 (32.0%) 8 (38.1%) 0.609 28 (34.6%) 4 (28.6%) 0.767
Months on NAM sDMARD use, median (IQR) 7 (3-25) 7 (5-60) 0.490 1(0-9) 5(1-7.5) 0.499
bDMARD use, n (%) 17 (21.5%) 6 (28.6%) 0.562 20 (23.5%) 2 (14.3%) 0.729
Months on bDMARD use, median (IQR) 24 (2-48) 12 (0-36) 0.515 15 (2-48) 9 (0-25) 0.433
GC use, n (%) 36 (42.4%) 7 (50.0%) 0.772 34 (40.5%) 8 (57.1%) 0.260
GC dose?, median (IQR) 0(0-3) 3(0-3) 0.171 0(0-3) 3(0-4) 0.373

Note: Seroconv.lg Neg: Patients who remained negative for ANY immunoglobulin (Ig) during follow-up. Seroconv.lg Pos: Patients who were negative for ANY Ig at baseline and
turned positive for ANY Ig during follow-up

SD, standard deviation; RD, rheumatic disease; IQR, interquartile range; NAM, Non-antimalarial; SDMARD, synthetic DMARD; bDMARD, biologic DMARD; GC, glucocorticoid.
1 prednisone or equivalent to prednisone.

Results that reached statistical significance (P < 0.05) or a trend toward it (P = 0.05-0.1) are highlighted in bold.

Percentage of bDMARD use

IGG POS (N=14) (6)42,9%

IGGNEG (N=86) [RFARLE-LH)
p=0.056

0 10 20 30 40 50 60 70 80 90 100

Figure 2. Distribution of biologic disease-modifying anti-rheumatic drug (-(DMARD) users in anti-SARS-CoV-2 IgG seroconverted patients.

to be a challenge to rheumatologists: whether the rheumatic diseases or their factors such as age and previous cardiovascular and pulmonary diseases
own treatment could be a risk factor for SARS-CoV-2 infection or either for are likely to play a major role in determining the risk for infection severity in
the outcome of coronavirus disease in those infected rheumatic patients. At~ rheumatic disease patients [28]. Accordingly, in this study, despite synthetic
first, it was reasonable to expect that autoimmune rheumatic disease patients ~ and biologic DMARD users, no severe clinical manifestations were found in
on synthetic and/or biologic DMARDs would be particularly vulnerable to infected patients. However, how the immune system in synthetic and biologic
more frequent and severe COVID-19 infections. Recently, different cohorts ~ DMARD users reacts to SARS-CoV-2 exposure and the degree to which its
with rheumatic patients infected by SARS-CoV-2 have been published, and  &ntibody production capacity is affected is vastly unknown.

this idea has been contradicted [24-27]. However, some authors have shown To contribute to filling in the knowledge gap on the matter, this cohort was
that the clinical course and disease severity of COVID-19 in these patients able to show some seroconversion patterns in rheumatic disease patients
are closely related to what overtakes the general population. Therefore, risk on synthetic and biologic DMARDs after SARS-CoV-2 exposure. Fourteen
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Table 3. Baseline characteristics of patients according to immunoglobulin G (IG) positivity at any time point and seroconversion to IgG during the study.

18G Neg (n=86) 1gG Pos (n=14) p Seroconv.IgG Neg (n=86)  Seroconv.IgG Pos (n=8) p
Age (years), mean (SD) 45.2 (14,6) 54.3 (8,2) 0.002 45.2 (14.6) 51.4(9.3) 0.246
Sex, n (%) 0.687 1.000
Men 14 (16.3%) 1(7.1%) 14 (16.3%) 1(12.5%)
Women 72 (83.7%) 13 (92.9%) 72 (83.7%) 7 (87.5%)
Months since RD diagnosis, median (IQR) 36 (19-67) 54 (25-105) 0.384 36 (19-67) 54 (28-111) 0.361
RD activity, n (%) 0.401 1.000
Remission 39 (684%) 10 (100.0%) 39 (68.4%) 5 (100.0%)
Mild 8 (14.0%) 0(0.0%) 8 (14.0%) 0(0.0%)
Moderate 6 (10.5%) 0 (0.0%) 6 (10.5%) 0(0.0%)
Severe 4(7.0%) 0(0.0%) 4(7.0%) 0(0.0%)
Respiratory symptoms, n (%) 27 (31.4%) 6 (42.8%) 0.211 27 (31.4%) 5 (62.5%) 0.075
Groups according to therapy, n (%) 0.111 0.253
Group 1 26 (30.2%) 2 (14.3%) 26 (30.2%) 2 (25.0%)
Group 2 17 (19.8%) 6 (42.9%) 17 (19.8%) 2 (25.0%)
Group 3 22 (25.6%) 1(7.1%) 22 (25.6%) 0 (0.0%)
Group 4 21 (24.4%) 5 (35.7%) 21 (24.4%) 4 (50.0%)
Antimalarial use, n (%) 65 (75.6%) 9 (64.7%) 0.511 65 (75.6%) 4 (50.0%) 0.202
NAM sDMARD use, n (%) 29 (35.4%) 3(21.4%) 0.373 29 (35.4%) 0(0.0%) 0.050
Months on NAM sDMARD use, median (IQR) 6 (4-24) 60 (30-66) 0.456 1(0-7.5) 0(0-0) 0.180
bDMARD use, n (%) 17 (19.8%) 6 (42.9%) 0.056 17 (19.8%) 2 (25.0%) 0.661
Months on bDMARD use, median (IQR) 24 (2-48) 12 (0-36) 0.515 24 (2-48) 9 (0-25) 0.391
GC use, n (%) 36 (42.4%) 7 (50.0%) 0.772 36 (42.4%) 3(37.5%) 1.000
GC dose?, median (IQR) 0 (0-4) 1(0-3) 0.846 0 (0-4) 0(0-3) 0.610

Note: SD, standard deviation; RD, rheumatic disease; IQR, interquartile range; NAM, Non-antimalarial; SDMARD, synthetic DMARD; bDMARD, biologic DMARD; GC,

glucocorticoid.
Iprednisone or equivalent to prednisone.

Results that reached statistical significance (P < 0.05) or a trend toward it (P = 0.05-0.1) are highlighted in bold.

IgM + I1gG
1gG only 3

No Ig
-

Figure 3. Prevalence of any time anti-SARS-CoV-2 antibody positivity in study patients.
Only 20% of them evolved to anti-SARS-CoV-2 positivity for either IgG, IgM or both.

(14.0%) percent eventually had anti-SARS-CoV-2 IgG detected by CLIA, which
has been shown to be highly specific for diagnosing COVID-19 [29]. Supporting
this is the fact that all PCR-confirmed COVID-19 infections had a later IgG titer
above the upper limits and were hence considered IgG positive. Anti-SARS-
CoV-2 IgM positivity was not considered as a surrogate of COVID-19 infection
because of the cross reaction with rheumatoid factor IgM, present in part of
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the sample [30]. Notably, the only patient who initially tested positive for IgM
and negative for IgG further tested negative for both antibodies in the follow-up
blood collection. He remained asymptomatic throughout the study. A second
patient whose serology was negative in the first blood exam tested positive
for isolated IgM in the follow-up test. She also remained asymptomatic during
the study and ever since. IgM titers can be detected before IgG increases in
acute COVID-19 infections; however, persistent or transient positivity for IgM
not followed by IgG detection is rather common in the authors’ experience, and
false positivity must be considered in these cases [20].

A statistical trend was found for a higher prevalence of bDMARD use
in patients who tested positive for anti-SARS-CoV-2 IgG when compared to
patients not on bDMARDs. This difference must be analyzed carefully, since
it might simply represent a more frequent use of health services by hDMARD
users than their counterparts. Hence, it should not be automatically taken as
an immune promoting influence or as any sort of COVID-19 infection protective
role by bDMARDs. It is, however, reassuring to notice that slightly over one
quarter (26.0%) of bDMARD patients in the study adequately produced anti-
SARS-CoV-2 IgG, and none evolved into severe COVID-19 infection. Although
no definitive conclusion can be drawn from these data, it does seem that
bDMARD users retain their humoral immunity against SARS-CoV-2. These
results are in line with the recently published data from the COVID-19 Global
Rheumatology Alliance, where bDMARD use was associated with less severe
COVID-19 infection in autoimmune rheumatic disease patients [24].

In the opposite direction, the absence of non-antimalarial SDOMARD users
in those patients who seroconverted for anti-SARS-CoV-2 IgG during the
follow-up must be interpreted with caution, as confounding factors might have
influenced this result. For instance, different levels of SARS-CoV-2 exposure
may exist between SDMARD users and non-sDMARD users. Furthermore, the
lack of anti-SARS-CoV-2 production may not necessarily be associated with a
lack of immune response to COVID-19, as cellular immunity has been studied
and seems to play a protective role in COVID-19 infection [31-33].

Nine patients (9.0%) developed highly suggestive symptoms of COVID-19
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infection during the follow-up. All of them underwent a single rRT-PCR test, but
only three (33.0%) tested positive. These three patients later had detectable
anti-SARS-CoV-2 IgG antibodies. Two additional patients who initially tested
negative by rRT-PCR later also developed anti-SARS-CoV-2 IgG antibodies.
Hence, anti-SARS-CoV-2 serology proved a more sensitive method for
COVID-19 than a single rRT-PCR test from oropharyngeal swab. This finding
does not come to us as a surprise, since previous studies have reported
the sensitivity for a single oropharyngeal rRT-PCR test as close to 60% for
detecting COVID-19 infection [34]. Reported sensitivity for serologic tests,
however, have ranged from 88% to 100% [35].

It is noteworthy to mention that, although 43% of the cohort was on
glucocorticoid (GC) use, no significant difference was found for any pattern
of serologic status between patients currently on use of GC and those who
were not. Use of GC had no statistical influence on anti-SARS-CoV-2 IgG or
IgM positivity during the follow-up. However, this study was not appropriately
designed to assess this association. Since immunosuppressive effects of GC
are well-known, further studies are needed to assess this relationship [36].

The strength of this cohort is based on the fact of being a prospective
study analyzing the region with one of the highest COVID-19 infection
incidences during the peak rate and the overwhelming health system; data
reliability, as the responsible treating physicians were also members of the
research team; the sensitivity and specificity of the serologic tests; and the
feasibility in assessing patients suspected for COVID-19 infection with PCR
throughout the protocol.

The limitations of this study include the convenience, non-random sample,
which included patients diagnosed with a wide range of different rheumatic
diseases, some of which were not autoimmune diseases. Thus, a role for each
of these conditions on SARS-CoV-2 seroconversion could not be assessed
separately. Similarly, both SDMARD and bDMARD use encompassed many
different drugs, and the distinct role of SARS-CoV-2 seroconversion for each
of these drugs is expected and could not be assessed due to the small sample
size. Furthermore, due to few observations in the anti-SARS-CoV-2 IgG sero-
converted patients, running a multivariate analysis was not feasible.

Conclusion

Although anti-SARS-CoV-2 1gG positivity was quite common in the
rheumatic patients of the sample (14% incidence); half of these patients evolved
asymptomatically, with no clinical detectable COVID-19 infection. Moreover,
none of the patients presented with severe clinical manifestations and this
is reassuring. Although the study was not designed to answer this question,
temporally withholding rheumatic patient treatment during the pandemic based
on this concern may not be warranted. Furthermore, bDMARD use seems not
to hamper the humoral immune response to SARS-CoV-2 although no final
conclusion about this matter can be drawn from this study. Non-antimalarial
sDMARD use was associated with a lower incidence of anti-SARS-CoV-2 IgG
positivity, although no causal effect can be drawn from this result due to the
study design. Whether sSDMARD hampers the humoral immune response,
switches humoral to cellular immunity or even impacts COVID-19 infection
remains to be elucidated.
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