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Abstract: Breakthrough COVID-19 (occurring in fully vaccinated people) has been described. Data
on its characteristics among immune mediated rheumatic disesases (IMRD) patients are scarce. This
study describes breakthrough COVID-19 among IMRD patients participating of SAFER-study, a
Brazilian multicentric cohort evaluating safety, effectiveness and immunogenicity of SARS-Cov-2
vaccines in autoimmune diseases. Descriptive analysis and a binary logistic regression model, to
evaluate predictors of COVID-19-related hospitalization, were performed. P-value < 0.05 was
significant. The included 160 patients were predominantly females (83.1%), with mean (SD) age
40.23 (13.19) years. Patients received 2 (19%), 3 (70%) or 4 (11%) vaccine doses. The initial two-dose
series was mainly with ChAdOx1 (Oxford/AstraZeneca) (58%) or BBIBP-CorV (Sinopharm-Beijing)
(34%). The first booster (n=150) was with BNT162b2 (BioNtech/Fosun Pharma/Pfizer) (63%) or
ChAdOx1 (29%). The second booster (n=112) was with BNT162b2 (40%) or ChAdOx1 (26%).
COVID-19 hospitalization rate was 17.5%. IMRD moderate/high activity (OR: 5.84, CI: 1.9-18.5,
p=0.002) and treatment with corticosteroids (OR: 2.94, CI: 1.02-8.49, p=0.0043) associated with higher
odds of hospitalization, while the increasing number of vaccine doses was protective (OR: 0.37, CI:
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0.15-0.9, p=0.032). These findings, along with previous reassuring results about the safety of the
COVID-19 vaccines, argue in favour of booster vaccination in IMRD patients.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been a serious cause for concern among
patients with immune mediated inflammatory and rheumatic diseases (IMID and IMRD). These
patients are a unique vulnerable subgroup, as they typically require long-term treatment with
multiple immunosuppressive and immunomodulatory (IS/IM) therapy, which is associated with
impaired host response to infections and vaccination and may also have multiple sequelae of their
disease (e.g., impaired strength, lung fibrosis, chronic kidney disease) and frequent comorbidities
(e.g., cardiovascular disease, obesity, and diabetes). Thus, this patient subgroup may be at greater
risk of getting SARS-Cov-2 infection and severe COVID-19 complications than healthy controls [1].

Data from the registries from Argentine, Mexico and Brazil, including more than 4000 adult
IMID patients with COVID-19, reported a hospitalization rate of 22.7% and a mortality rate of 5.3%.
Although these registries did not include a control group, the general population mortality from
COVID-19 in these countries was nearly 50% lower than that found in this study [2].

In patients with IMID, SARS-CoV-2 vaccines is well tolerated and not associated with a
significant increase of disease activity, thus, current evidence suggests that the benefits of vaccination
outweigh the potential risks of adverse effects [3].

A major concern is the possibility of attenuated immunogenicity and, consequently, reduced
efficacy of vaccines induced by the concomitant use of IS/IM therapies in these patients, which could
leave them vulnerable to breakthrough COVID-19 infections [4-6]. A systematic review highlighted
the risk of low immunogenicity of COVID-19 vaccines in immunocompromised populations. It
included 31 studies reporting immunogenicity in 4680 patients with IMID. Non-response rates
(antibody and/or cellular responses) ranged from 0% to 63%. Specific treatments of the inflammatory
disease negatively impacted post-vaccine response included B-cell depleting agents, methotrexate,
and other disease-modifying anti-rheumatic drugs (DMARDs) or corticosteroids [7].

Some evidence indeed supports the recommendation to administer a third dose of COVID-19
vaccine in patients with IMID, since, in this group, double and triple-vaccinated patients showed a
lower rate of COVID-19-related hospitalization and triple-vaccinated patients presented a reduction
of COVID-19-related deaths [3].

Data on the presentation and the severity of breakthrough infections in patients with IMRD
vaccinated against COVID-19 in Brazil are lacking.

This study presents an analysis of the SARS-CoV-2 breakthrough infections among fully
vaccinated individuals with immune-mediated rheumatic diseases from the “Study of safety,
effectiveness and immunogenicity duration after vaccination against the new SARS-Cov-2 in patients
with immune mediated inflammatory diseases (SAFER-Study)”’—of the Brazilian Society of
Rheumatology. It intends to describe the profile and the severity of SARS-Cov-2 infection in fully
vaccinated IMRD patients presenting breakthrough COVID-19, and the predictors of hospitalization
among these patients.
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Materials and Methods

SAFER-Study

The “Study of safety, effectiveness and immunogenicity duration after vaccination against the
new SARS-Cov-2 in patients with immune mediated inflammatory diseases (SAFER-Study)” is a
Brazilian national, multicenter, observational, longitudinal real-world cohort of consecutive patients
with IMRD or IMID who have been vaccinated for SARS-CoV-2 evaluating the safety, effectiveness
and immunogenicity of SARS-CoV-2 vaccines in this population. The inclusion period was held from
June/2021 to March/2024. Follow-up is still ongoing. The present study presents data on the
occurrence of breakthrough COVID-19 among patients participating of the SAFER-Study. Data-from
June/2021 to February/2023 were included.

SAFER-Study has included pediatric or adult patients, with a prior diagnosis of IMID or IMRD.
IMRD diagnosis, according to the American College of Rheumatology (ACR) or European League
against Rheumatism (EULAR) classification criteria, were rheumatoid arthritis, juvenile idiopathic
arthritis, spondylarthritis and other inflammatory joint diseases, and systemic lupus erythematosus,
Sjogren’s disease, inflammatory myopathies, systemic vasculitis, systemic sclerosis, mixed
connective tissue, disease and other connective tissue diseases or other rheumatic diseases. IMID
patients participating in SAFER-Study were those diagnosed with inflammatory bowel disease (IBD)
or psoriasis. All patients gave written informed consent. SAFER-Study is a non-probability sampling
study with enrollment of consecutive patients who met the selection criteria.

All patients included in this study received one to four doses of a SARS-CoV-2 vaccine. The
vaccines available in Brazil during the data assessment for breakthrough COVID-19 infection were
the CoronaVac vaccine (Sinovac Biotech), the AstraZeneca vaccine (ChAdOx1), and the vaccines
developed by Pfizer (BNT162b2) and Janssen (Ad26.COV2.S). SAFER-study patients will be
followed-up from the inclusion until December of 2024.

Baseline evaluation took place before the first dose of SARS-CoV-2 vaccine application. Follow-
up visits occurred 4-weeks after each vaccine dose and, later, every 3 months until 12 months of
complete follow-up.

Sociodemographic data, the presence of comorbidities, characteristics and severity of IMRD or
IMID, treatments received, and clinical characteristics and outcomes of SARS-CoV-2 infection were
recorded (previous or acquired during the study).

In addition, the date and place of vaccination, type of vaccine applied, scheme, and indication
were registered. Blood samples were collected for immunogenicity analysis. Adverse events, disease
flares, and new immune-mediated manifestations related to the vaccines were registered.

Breakthrough COVID-19

Breakthrough infection among fully vaccinated individuals was defined according to the US
Centers for Disease Control and Prevention (CDC) as infection occurring >14 days after the second
dose in a two-dose series or 214 days after a single-dose vaccine [8].

COVID-19 diagnosis

COVID-19 was confirmed by a positive reverse transcriptase-polymerase chain reaction (RT-
PCR) or antigen (Ag) test for SARS-CoV-2 virus from nasopharyngeal or oropharyngeal swab.
Outcomes

The primary outcomes of this study were the clinical presentation of breakthrough COVID-19.
The secondary outcomes were COVID-19-related severe outcomes (need of supplemental oxygen or
ventilatory assistance, hospitalization, infectious complications, and death).
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Inclusion and exclusion criteria

Adult patients, fully vaccinated against SARS-Cov-2, with the diagnosis of an IMRD, developing
COVID-19 confirmed by RT-PCR or Antigen-COVID-19 test were included. Patients reporting
COVID-19 before the inclusion in SAFER-Study or when partially vaccinated (after the first dose or
<14 days after the second dose in a two-dose series, or of a single-dose vaccine), those with the
diagnosis of IBD or psoriasis (IMID), and patients not presenting COVID-18 were excluded. Patients
presenting chronic infections (e.g. HIV infection, chronic viral B or C-hepatitis) or neoplasms as
comorbidities were also excluded.

Study variables

Demographic variables including age, sex and self-declared color were registered.

The presence and the number of comorbidities (cardiomyopathy, diabetes mellitus, pulmonary
disease, chronic kidney disease, systemic arterial hypertension, obesity) was recorded. IMRD
diagnosis, treatment and activity at the time of SARS-CoV-2 vaccination and infection were recorded.

Immune-mediated inflammatory diseases differ regarding the DMARDs approved for their
treatment. To minimize the impact of this heterogeneity on the associations of interest, diagnostic
categories were defined according to what was done by COVID-19 Global Rheumatology Alliance
(C19-GRA): inflammatory joint diseases (IJDs), connective tissue diseases (CTDs)/vasculitis, and
other rheumatic diseases. In addition, treatments were categorized as follows: glucocorticoids,
conventional DMARDs (cDMARDs; antimalarials, leflunomide, methotrexate, sulfasalazine),
immunosuppressants (IS): (azathioprine, cyclophosphamide, cyclosporine, mycophenolate
mofetil/mycophenolic acid, tacrolimus), tumor necrosis factor (TNF) inhibitors, rituximab, biologic
DMARDs (bDMARDs; abatacept, belimumab, interleukin 1 [IL-1], IL-6, IL-12/23, IL-17, and IL-23
inhibitors), targeted synthetic DMARDs (tsDMARDs; Janus kinase inhibitors [JAKi)] [9].

IMRD activity was stratified into categories based on the treating physician criteria, and grouped
as remission/low or moderate/high disease activity.

Regarding SARS-CoV-2 vaccination, date, and vaccine type (CoronaVac vaccine (Sinovac
Biotech), the AstraZeneca vaccine (ChAdOx1), and the vaccines developed by Pfizer (BNT162b2) and
Janssen (Ad26.COV2.S) were recorded. The completion of the initial two-dose or single dose regimen
and the receiving of one to two booster doses were registered.

Breakthrough COVID-19 clinical presentation (asymptomatic, cough, dyspnea, sore throat,
fever, dysgeusia, hyposmia, myalgia, malaise, headache, rhinorrhea), date of diagnosis, confirmatory
test performed and outcomes of interest (hospitalization, death) were recorded.

Data management and monitoring

All variables were collected face-to-face, virtual, or by telephone and the review of medical
records, according to availability. The data was entered into the Research Electronic Data Capture
Platform (Redcap, https://redcap.reumatologia.org.br/). Datasets of this study are not deposited in a
publicly available database study. Data will be available upon reasonable request.

Ethical considerations

The study protocol and its corresponding informed consent form were approved by the
coordinator center ethics committee (CAAE: 43479221.0.1001.5505) and the independent ethics
committee of all participating centers. All patients signed the informed consent before data collection.

This study was conducted in accordance with Good Clinical Practice (GCP) guidelines, the
International Conference on Harmonization (ICH), the ethical principles established in the
Declaration of Helsinki, the law 3301/09, and the guidelines of the local ethics committee.

Personal identification data was kept anonymous and protected according to international and
national regulations to guarantee confidentiality, in accordance with the Law on Protection of
Personal Data.
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For the purposes of this project, only medical researchers had access to patients’ medical records
to obtain the data required for the investigation, thus ensuring their confidentiality.

Statistical analysis

Descriptive analysis of sociodemographic and clinical data was carried out. Continuous
variables are expressed as mean and standard deviation when the distribution was considered
normal, or as median and interquartile range otherwise. Categorical variables are presented as
frequencies and percentages.

Comparative analysis of patients requiring hospitalization due to COVID-19 versus those not
requiring hospitalization was performed applying T-Student or Mann-Whitney tests for continuous
variables, according to a normal or non-normal distribution. Categorial variables were compared
using the Chi-square or Fisher’s exact test, as appropriate.

A binary logistic multiple regression, applying a backward stepwise selection was performed to
evaluate the variables associated with breakthrough COVID-19-related hospitalization. Variables
presenting a p-value < 0.2 were included in the initial model and excluded until only significant
variables persisted in the final model. A p < 0.05 was considered significant. Statistical analyses and
model development were performed with

R version 4.3.1 (R Core Team, 2023), with the software RStudio version 2023.6 (Posit Team, 2023),
along with the packages “tidyverse” (Wickham et al., 2019) and “gtsummary” (Sjoberg et al., 2021).

Results

Study population

By the time the data for this analysis were extracted, SAFER-Study had included 1600 IMID
patients. In this analysis, 162 cases of breakthrough COVID-19 reported in the study database are
described. Figure 1 depicts the algorithm with selection of the population of this study.

Exclusions
< 18 years of age (n=114)
IMID (psoriasis and inflammatory bowel disease (n= 82)
COVID reported previous to the inclusion in SAFER-Study (n=114) SAFER-Study
COVID-19 in not fully vaccinated patients (n= 92) population
Lack of confirmatory RT-PCR or Ag tests for COVID-19 (n= 63) N=1600
Other exclusion criteria (chronic infections, neoplasms) (n=5)
|
| ]
1131 individuals Bvoagmoush
e COVID-19: 162 Not presenting
evaluated for this R COVID-19 (n=968)
study outcomes (n=132)
|
| ]
Outcomes of
2 Hosr(:::;;)a ton Deaths (n=2) Excluded
interest

Figure 1. Patient selection from the SAFER-Study.

In SAFER-Study database, 162 cases of breakthrough COVID-19 were described: 132 presented
no severe outcomes, 28 were hospitalized and two died.
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The characteristics of the 160 patients surviving breakthrough COVID-19, and the comparative
analysis between the hospitalized (n=28, 17.5%) and the patients not developing severe outcomes
(n=132, 82.5%) are shown on Table 1.

Table 1. Comparative analysis of the breakthrough COVID-19 patients not hospitalized (n=132)
versus hospitalized (n=28). .

Characteristic Overall No Yes, p-value?
(N =160)! (N =132)1 (N =28)1
Age (years) 44.08 (12.81) 44.21 (13.21) 43.46 (10.93) 0.9
Gender [Female] 133 (83.1%) 110 (83.3%) 23 (82.1%) >0.9
Self-declared o o o
white color 97 (60.6%) 77 (58.3%) 20 (71.4%) 0.2
CTD/Vasculitis/Ot o Y o
her RD 96 (60.0%) 78 (60%) 18 (64%) 0.67
IJD 62 (39%) 52 (40%) 10 (36%) 0.67
RD time length
9.50 (4.00 - 15.00) 10.00 (4.00 - 15.00) 8.50 (3.00 - 16.00) 0.5
(years)
RD moderate/high
activity before o o o
breakthrough 23 (14%) 14 (11.5%) 9 (37.5%) 0.001
COVID-19
Comorbidity (any) 102 (63.8%) 83 (62.9%) 19 (67.9%) 0.6
Number of
comorbidities 1(0-1) 1 (0-1.25) 1(0-1) 0.3
Number of
COVID-19 vaccine 3 (3-4) 3 (2-4) 3(2-3) 0.028
doses
RD treatment before COVID-19
Gl“mflo:encmds 34 (21%) 24 (10%) 10 (34%) 0.04
Glucocorticoids
daily doses 7.5 (5-10) 8.75 (5-10) 5 (5-7.5) 05
(mg/Prednisone)
¢cDMARDs 96 (60%) 79 (60%) 17 (60%) 0.16
bDMARDSs 19 (12%) 15 (11.5%) 4 (15%) 0.4
tsDMARDs 3 (1.9%) 1(0.8%) 2 (7.1%) 0.08
Rituximab 1(0.6%) 1(1%) 0 (0%) 0.6
IS 14 (9%) 14 (11%) 0 (0%) 0.13

CTD: connective tissue diseases. RD: rheumatic diseases. IDJ: inflammatory joint diseases.
CTD/vasculitis/other rheumatic diseases: 44 systemic lupus erythematosus, 16 vascutitis, 5 systemic
sclerosis, 4 inflammatory myopathy, 20 Sjogren’s disease, 3 mixed connective tissue disease and 6
connective diseases overlapping syndrome). IJD (31 rheumatoid arthritis, 1 juvenile idiopathic
arthritis, 24 anquilosing spondylitis, 5 psoriasic arthritis, 1 enteropatic arthritis). Comorbidities were
cardiomyopathy (n=4), diabetes mellitus (n=8), pulmonary disease (n=8), chronic kidney disease (n=3),
arterial hypertension (n=54), obesity (n=20), other comorbidities (n=53), smoking (n=2), alcoholism
(n=9). cDMARDs: conventional DMARDs (Methotrexate, Leflunomide, Sulfasalazine, antimalarials).
bDMARDs: biologic DMARDs other than Rituximab (abatacept, TNF inhibitors, belimumab, IL-1, IL-
6, 1L-12/23, IL-17 and IL/23 inhibitors). tsDMARDs: Janus kinase inhibitors (tofacitinib, baricitinib,
upadacitinib). IS: immunosuppressants: azathioprine, cyclosporine, tacrolimus, mycophenolate
mofetil/mycophenolic acid, cyclophosphamide). "Mean (SD); Median (IQR); n (%). Mann-Whitney
test; Fisher's exact test; Pearson's Chi-squared tests.
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The distribution of the different rheumatic diseases and comorbidities between non-severe and
hospitalized patients was similar.

Vaccination

Thirty-one (19.4%) patients received only the two-dose regimen of vaccines, while 112 (70%) and
17 (10.6%) received respectively one and two booster doses. The number of vaccine doses was higher
in the non-hospitalized group (p=0.028).

The initial two-dose regimen was mainly with the AstraZeneca vaccine (ChAdOx1) in 93
(58.1%), followed by the CoronaVac vaccine (Sinovac Biotech) in 53 (34.4%), and the Pfizer
(BNT162b2) vaccine in 12 (7.5%) patients. The first booster dose was mainly with the Pfizer
(BNT162b2) vaccine [n=101 (63.1%)], followed by the AstraZeneca vaccine (ChAdOx1) [n=46 (28.7%)]
and the CoronaVac vaccine (Sinovac Biotech) [n=3(1.9%)]. The second booster dose again presented
a predominance of the Pfizer (BNT162b2) vaccine [n=64 (40%)], followed by the AstraZeneca vaccine
(ChAdOx1) [n=41 (25.6%)] and Janssen (Ad26.COV2.S) [n=7 (4.4%)]. The multiple vaccination
schemes applied were not associated to hospitalization.

Before vaccination, patients were using oral glucocorticoids (n=28), csDMARDs (n=133),
bDMARDs (n=41), rituximab (n=13), immnosuppressants (n=35) and tsDMARDs (n=2). These
frequencies were similar between non-hospitalized and hospitalized individuals.

Breakthrough COVID-19

Breakthrough COVID-19 occurred [Median (IQR)] 113.46 (75.25-134.75) days after the last
vaccine dose received. This interval was similar between non-hospitalized and hospitalized patients
(Median 102 versus 94 days, p=0.3).

Confirmatory tests were RT-PCR in 73 (46%) and antigen test in 77 (48%) individuals. By the
time of COVID-19 diagnosis, 47 (29%) patients were not receiving antirheumatic drugs.

Most (96%) patients reported COVID-19 symptoms: headache (57%), cough (54%), rhinorrhea
(51%), sore throat (49%), fever (46%), fatigue (32%), astenia (31%) hyposmia (20%), dysgeusia (18%),
and dyspnea (18%), diarrhea (17%), nausea (14%), dizziness (9%), vomiting (4%), myalgia (3%),
arthralgias (3%). COVID-19 symptoms lasted 1 to 60 [Median (IQR): 8.95 (5-12)] days. Patients
requiring hospitalization had an in-hospital stay of 1 to 33 [Median (IQR): 10.2 (1-23.5)] days. Six
hospitalized patients required supplemental oxygen, one needed non-invasive ventilation and no
invasive ventilation was reported. Five patients presented an infectious complication (bacterial
pneumonia) of COVID-19.

COVID-19- related hospitalization determinants

Univariate and multivariate analysis evaluating COVID-19-related hospitalization are shown in
table 3. In this population, RD moderate to high activity, using corticosteroids and presenting fever
or dyspnea associated with increased odds of hospitalization, while the number of COVID-19 doses
decreased this chance (Table 2, Figure 2).

Table 2. Univariate and multivariate analysis of the COVID-19-related hospitalization determinants.

Univariate analysis Multivariate analysis
Characteristic N OR (95%CI) p-value  OR (95%CI) p-value
White color 160  1.83(0.78-4.7) 0.2 - -
RD moderate/high
o 146 4.63 (1.68-12.6) 0.003 5.73 (1.85-18.3)  0.002
activity

Number of COVID-19

] 160 0.42 (0.19-0.92)  0.003 0.38 (0.15-0.91)  0.035
vaccine doses
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Treatment with

glucocorticoids before 160  2.40 (0.95-5.86  0.056 2.92(1.01-8.45) 0.045
COVID-19

Lack of treatment with

antirheumatic drugs 160  0.46 (0.14-1.2 0.14 - -
before COVID-19

COVID-19 manifestations

Dysgeusia 160  2.58 (1.03-6.27)  0.038 - -
Dyspnea 160  4.30(1.7-10.8 0.002 3.44 (1.05-11.2)  0.038
Sore throat 160  2.10(0.92-5.06  0.086 - -
Fever 160  2.45(1.07-5.92) 0.038 2.95(1.05-9.08)  0.047
Hyposmia 160  2.20 (0.86-5.4) 0.090 - -
Cough 160  2.42(1.03-6.21)  0.051 - -

10R: Odds Ratio, CI: Confidence interval.

Rheumatic disease moderatefhigh activity ——

MNumber of COVID-19 vaccinges 1 —*—

Treatment with corticosteroids —*—

Dysgeusia —f—
Dyspnea ——
Fever 1 —
EI.IIII‘I EI.I‘I 1 'IIEI 'IEIIEI
Odds Ratios

Figure 2. COVID-19-related hospitalization determinants.

COVID-19 related deaths

There were three COVID-19-related deaths registered in SAFER-Study. Two deaths were
attributed to breakthrough COVID-19 (fatality rate: 1.2%) and one occurred in a not fully vaccinated
patient (after the first dose of a two-doses regimen). They were registered retrospectively and are
shown in Table 3.
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Table 3. COVID-19-related deaths.

Characteristic Case 1 Case 2 Case 3
SEX Female Male Female
AGE (YEARS) 43 63 62
DI jil\G/III\{IIO)SIS SLE IgA-vasculitis SLE
NUMBER OF
COVID-19 3 3 1
VACCINE DOSES
Dose 1: CoronaVac
DATES AND (11Sep2021) Dose 1: ChAdOx
TYPES OF Dose 2: CoronaVac (05May2021)
Dose 2: ChAdOx1 Dose 1: ChAdOx1
COVID-19 (130c¢t2021)
(27May2021) (05May2021)
VACCINES Dose 3: Dose 3: ChAdOx1
ADMINISTERED ChAdOx1 (275ep2021)
(130ct2022)
CKD stage 11, CKD stage II-11I,
COMORBIDITIES arterlal. None arterial hypertension,
hypertension, type 2 diabetes mellitus
obesity (BMI: 41) yp
IMRD PDN 12,5 mg +
TREATMENT MMEF i PPN 10 mg HCQ
Flu-like symptoms, fever
and cough starting on
14Nov2021. Positive Flu-like symptoms
COVID-19 on 17Nov2021. starting on 03Jun2021.
Hospitalized on Positive COVID-19 RT-
COVID-19 19Nov2021. Was PCR 01.1 04.]1,11’12021.
MANIFESTATIO NR transferred to the ICU on Hc.)spltahzed for
NS 23Nov2021. Developed  respiratory support.
SARS with acute Developed SARS and
respiratory failure and the died com 03Jul2021
need for invasive
mechanical ventilation,
and AKI and died on
29Nov2021.
DEATH DATE 19Nov2022 29Nov2021 03Jul2021

IMRD: Immune-mediated rheumatic disease. SLE: Systemic lupus erythematosus. CKD: chronic
kidney disease. BMI: body mass index. PDN: prednisone. MMF: mophetil mycophenolate. HCQ:
Hydroxychloroquine. NR: Not reported. SARS: Severe acute respiratory syndrome. ICU: Intensive care
unit. AKI: Acute kidney injury.

Discussion

This study brings important information on breakthrough COVID-19 clinical presentation and
hospitalization determinants in a Brazilian populaiton of IMRD patients. It corroborates previous
data on the association of IMRD moderate to high activity and using glucocorticoids, and COVID-19
symptoms of fever or dyspnea, with severe outcome of hospitalization associated with this infection.
It also suggests a protective effective of the increased number of vaccine doses, highlighting the
importance of booster doses in these patients.

In this cohort, only two (1.2%) COVID-19 related deaths were reported in fully vaccinated
individuals, precluding the authors from the evaluation of the determinants of death in these
patients. In the study by Global Rheumatology Alliance (GRA) reporting breakthrough COVID-19 in
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86 fully vaccinated people with RD, five (6%) deaths occurred. The determinants of COVID-19-
related deaths were not evaluated in that study also, but four of these five individuals were older
than 60 years and three individuals were on B-cell depleting therapy (BCDT) at the time of
vaccination [4]. In the present study, from the two patients who died, one patient was older than 60
years and none received rituximab before vaccination, however, both were using glucocorticoids, one
of the predictors of hospitalization in our population.

The hospitalization rate for COVID-19 in this study (17.5%) was lower than the reported in a
Latin America study (22.7%), in which data on vaccination were not available [2]. Accordingly, better
outcomes, with lower mortality and hospitalization rates, in partially or fully vaccinated IMRD,
compared to unvaccinated individuals, have been described [10].

The hospitalization rate described in the present study, was lower than that reported in the study
by Global Rheumatology Alliance (GRA), reporting COVID-19 in 86 fully vaccinated people with RD,
in which 22 (26%) patients were hospitalized and 5 (6%) died [4]. The lower hospitalization rate may
be attributed to different vaccination schemes and genetic backgrounds from the different
populations from both works, and to the high frequency of patients receiving booster doses of the
vaccine in the present study. Booster vaccination has been shown to further reduce the frequency of
COVID-19-related hospital admissions and deaths in people with systemic RDs [11].

The mean period between the infection and the second vaccine dose, or the first or second
booster, and the breakthrough COVID-19 was similar to previous studies, as well as the clinical
presentation of the COVID-19 [4-6].

Despite the established efficacy of COVID-19 vaccines, breakthrough infections occur in those
who are fully vaccinated. In IMRD patients, studies have shown that specific classes of medications,
e.g. BCDT, bDMARDS, TNFI, immunosuppressants, JAKi, and glucocorticoids, can hamper the
humoral response and have negative impact on the T cell-mediated response. Moreover, the
decreased severity of breakthrough COVID-19 after booster doses of the vaccines in patients with
systemic RDs, in combination with the reassuring results about the safety of vaccines, argues in
favour of booster vaccination in patients with IMRDs. Thus, the decrease in hospitalization
attributable to the increased number of vaccine doses found by the present work highlight the need
for additional booster doses in this population [4-6,11,12].

To the authors knowledge, this is the first Brazilian study describing breakthrough COVID-19
in IMRD patients. The main strength of this study is that the population was extracted from a
multicenter cohort, conducted by experienced rheumatologists from tertiary Rheumatology Services
across Brazil. The number of confirmed cases and their in-depth description shall also be highlighted.

This study has certain limitations, mainly the lack of a control group of healthy individuals
presenting breakthrough COVID-19. Moreover, the loss of asymptomatic breakthrough infections,
because we only included patients who presented for testing, and the exclusion of symptomatic
patients that did not perform a diagnostic test, may have underestimated the frequency of
breakthrough COVID-19. Still, the low occurrence of COVID-19 related deaths precluded the
researchers from performing the evaluation of the predictors of death in these patients. The
evaluation of the immunogenicity of COVID-19 vaccines in the population of this study is ongoing
and will be published in another report, allowing further conclusions on the effectiveness of these
vaccines in this populations.

Conclusions

In this large cohort study, consisting of fully vaccinated IMRD patients, higher disease activity
or chronic use of corticosteroids increased the chance of hospitalization due to COVID-19, while
booster vaccine showed protective effect. The decreased severity of breakthrough COVID-19 after
booster doses of the vaccines in patients with IMRDs, in combination with the reassuring results
about the safety of vaccines, argues in favour of booster vaccination in patients with IMRD. New
studies, evaluating the impact of breakthrough COVID-19 and the effects of vaccine booster doses in
these patients, are warranted.
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