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Immunogenicity and safety of two doses of the CoronaVac
SARS-CoV-2 vaccine in SARS-CoV-2 seropositive and
seronegative patients with autoimmune rheumatic diseases
in Brazil: a subgroup analysis of a phase 4 prospective study

Nadia E Aikawa, Leonard V K Kupa, Sandra G Pasoto, Ana C Medeiros-Ribeiro, Emily F N Yuki, Carla G S Saad, Tatiana Pedrosa, Ricardo Fuller,
Samuel K Shinjo, Percival D Sampaio-Barros, Danieli C O Andrade, Rosa M R Pereira, Luciana P C Sequro, Juliana M L Valim, Filipe Waridel,
Ana Marli C Sartori, Alberto J S Duarte, Leila Antonangelo, Ester C Sabino, Paulo Rossi Menezes, Esper G Kallas, Clovis A Silva, Eloisa Bonfa

Summary

Background We aimed to examine the immunogenicity pattern induced by the inactivated SARS-CoV-2 vaccine
CoronaVac (Sinovac Life Sciences, Beijing, China) in SARS-CoV-2 seropositive patients with autoimmune rheumatic
diseases compared with seropositive controls, seronegative patients with autoimmune rheumatic diseases, and
seronegative controls.

Methods CoronavRheum is an ongoing, prospective, controlled, phase 4 study, in which patients aged 18 years or older
with autoimmune rheumatic diseases, and healthy controls were recruited from a single site (Rheumatology Division
of Hospital das Clinicas, Faculdade de Medicina da Universidade de Sdo Paulo) in Sio Paulo, Brazil Participants were
vaccinated with two doses of CoronaVac (intramuscular injection, 3 pg in 0-5 mL of B-propiolactone inactivated SARS-
CoV-2) on day 0 and on day 28. Blood samples were taken pre-vaccination on day 0, day 28, and also on day 69. For this
subgroup analysis, participants were defined as being SARS-CoV-2 seropositive or seronegative prevaccination via
anti-SARS-CoV-2 spike (S)1 or S2 IgG (cutoff of 15-0 arbitrary units [AU] per mL) or neutralising antibody titres (cutoff
of 230%) and were matched for age and sex, via convenience sampling, in a 1:3:1:1 ratio (seropositive patients to
seronegative patients to seropositive controls to seronegative controls). The primary outcomes were rates of anti-SARS-
CoV-2 S1 and S2 IgG seropositivity and SARS-CoV-2 neutralising antibody positivity at day 28 and day 69 and
immunogenicity dynamics assessed by geometric mean titres (GMTs) of IgG and median neutralising activity in
seropositive patients with autoimmune rheumatic diseases compared with seronegative patients and seropositive and
seronegative controls. We assessed safety in all participants randomly selected for this subgroup analysis. This study is
registered with ClinicalTrials.gov, NCT04754698, and is ongoing for long-term immunogenicity evaluation.

Findings Between Feb 4 and Feb 8, 2021, 1418 patients and 542 controls were recruited, of whom 1685 received two
vaccinations (1193 patients and 492 controls). After random sampling, our immunogenicity analysis population
comprised 942 participants, of whom 157 were SARS-CoV-2 seropositive patients with autoimmune rheumatic
diseases, 157 were seropositive controls, 471 were seronegative patients, and 157 were seronegative controls; the
median age was 48 years (IQR 38-56) and 594 (63%) were female and 348 (37%) were male. For seropositive patients
and controls, an increase in anti-SARS-CoV-2 S1 and S2 IgG titres (seropositive patients GMT 52-3 [95% CI
42-9-63-9] at day 0 vs 128-9 [105-6-157-4] at day 28; seropositive controls 53-3 [45-4-62-5] at day 0 vs 202-0
[174-8-233-4] at day 28) and neutralising antibody activity (seropositive patients 59% [IQR 39-83] at day 0 vs
82% [54-96] at day 28; seropositive controls 58% [41-79] at day 0 vs 92% [79-96] at day 28), was observed from day 0
to day 28, without further increases from day 28 to day 69 (at day 69 seropositive patients’ GMT was 137-1[116- 2-161-9]
and neutralising antibody activity was 79% [57-94]); and seropositive controls’ GMT was 188-6 [167-4-212-6] and
neutralising antibody activity was 92% [75-96]). By contrast, for seronegative patients and controls, the second dose
was required for maximum response at day 69, which was lower in seronegative patients than in seronegative
controls. GMTs in seronegative patients were 2-3 (95% CI 2-2-2-3) at day 0, 5-7 (5-1-6-4) at day 28, and 29-6
(26-4-33-3) at day 69, and in seronegative controls were 2-3 (2-1-2-5) at day 0, 10-6 (8-7-13-1) at day 28, and 71-7
(63-5-81-0) at day 69; neutralising antibody activity in seronegative patients was 15% (IQR 15-15) on day 0,
15% (15-15) at day 28, and 39% (15-65) at day 69, and in seronegative controls was 15% (15-15) at day 0, 24% (15-37)
at day 28, and 61% (37-79) at day 69. Neither seronegative patients nor seronegative controls reached the GMT or
antibody activity levels of seropositive patients at day 69.

Interpretation By contrast with seronegative patients with autoimmune rheumatic diseases, seropositive patients
have a robust response after a single dose of CoronaVac. Our findings raise the possibility that the reduced
immunogenicity observed in seronegative patients might not be the optimum response potential to SARS-CoV-2
vaccination, and therefore emphasise the importance of at least a single booster vaccination in these patients.
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Introduction

In June, 2021, WHO recommended the emergency use of
the inactivated SARS-CoV-2 vaccine, CoronaVac (Sinovac
Life Sciences, Beijing, China),' which has shown a high
level of protection against COVID-19-related hospitalisation
and death in the Chilean population.” As of Aug 1, 2021,
only a quarter of the Brazilian population had received two
doses of a SARS-CoV-2 vaccine and CoronaVac accounted
for approximately 38% of all SARS-CoV-2 vaccines
administered in Brazil.?

Previously, we have shown a seroconversion rate of
70-4% with two doses of CoronaVac in adults with
autoimmune rheumatic diseases without previous
SARS-CoV-2 infection, compared with 95-5% in controls,
with a diminished frequency of COVID-19 incident cases
after vaccination.*

New SARS-CoV-2 variants are emerging and vaccine
supply is still restricted worldwide. Therefore, improving
strategies to maximise vaccine coverage and enhance
immunogenicity is crucial, especially in immuno-
suppressed populations. A few recent reports, including
some preprints, have shown that antibody responses to
the first dose of mRNA-based SARS-CoV-2 vaccines in
people with previous laboratory-confirmed SARS-CoV-2
infection were similar to or exceeded those found in
individuals without previous infection after the second

Research in context

Evidence before this study

Pre-existing immunity for COVID-19 affects vaccine response
and might allow a change in the current vaccination guidelines,
allowing for increased vaccine availability. We searched PubMed
for publications between Dec 1, 2020, and Aug 27, 2021, for
studies published in English on COVID-19 vaccines in patients
with autoimmune rheumatic disease, using the terms
“seropositive” AND (“vaccination” OR "vaccine”) AND
("COVID-19" OR "SARS-CoV-2") AND (“autoimmune” OR
“rheumatic”). Few reports suggested that one dose of mRNA-
based SARS-CoV-2 vaccine could elicit a large antibody
response in SARS-CoV-2 seropositive individuals, with no
further increase in antibody response after the second dose.
However, we found no studies with data for inactivated SARS-
CoV-2 vaccines and little information on patients with
autoimmune rheumatic diseases, in whom immunogenicity is
known to be reduced. Moreover, only few studies have focused
on immunological analysis of neutralising antibodies, which are
relevant in immune protection against SARS-CoV-2 infection.

Added value of this study
This study provides the first evidence that previous exposure to
SARS-CoV-2, independent of symptomes, in patients with

dose,™™ raising the possibility of allocating vaccine to
other at-risk groups.

However, data are scarce on immune responses to
SARS-CoV-2 vaccines in the context of previous
SARS-CoV-2 infection in patients with autoimmune
rheumatic diseases; a population known to have reduced
virus clearance and to be prone to genomic evolution.” It
is crucial to investigate whether immunogenicity of
previous SARS-CoV-2 infection in this population might
surpass that of patients without previous SARS-CoV-2
infection who have received two doses, or if humoral
response will be limited by an intrinsic defect of these
patients’ immune system or immunosuppressive treat-
ment, as previously described.”” A study in patients with
autoimmune diseases showed that a single dose of
mRNA-based or adenovirus-based SARS-CoV-2 vaccine in
those with previous SARS-CoV-2 infection could elicit
antibody responses similar to two vaccine doses in
patients without previous infection, with seroconversion
in the vast majority of patients on any immunosuppressive
treatment.* However, the small sample size of the
seropositive group, heterogeneous schedules for blood
collection, and the absence of serial samples hampered a
definitive conclusion on the kinetics of humoral
response.” Understanding antibody kinetics is even more
relevant in the context of the approval of a third

autoimmune rheumatic diseases results in distinct dynamics of
antibody response (measured via anti-SARS-CoV-2 spike
antibody titres and neutralising antibody activity) to an
inactivated SARS-CoV-2 vaccine (CoronaVac; Sinovac Life
Sciences, Beijing, China) compared with patients without
previous exposure. Our study expands on previous reports in
healthy individuals and a small sample of seropositive patients
with autoimmune rheumatic diseases immunised with mRNA-
based or adenovirus-based SARS-CoV-2 vaccines, in that
seropositive patients showed a robust boost in antibody response
after the first dose of inactivated vaccine, independent of their
underlying disease or treatment. No further increase in response
was observed between the first and second dose, and the
antibody response remained up to 6 weeks after the second dose.

Implications of all the available evidence

The CoronaVac vaccine presents distinct kinetics of immune
response in seropositive patients with autoimmune rheumatic
diseases compared to seronegative patients. Our finding raises
the possibility that the reduced immunogenicity observed in
seronegative patients might not represent the optimum
response potential and suggest that these patients might
benefit from booster doses.
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SARS-CoV-2 vaccine dose for immunocompromised
individuals in some countries.”

To add to this knowledge, we assessed the dynamics of
antibody production induced by the inactivated
CoronaVac vaccine in patients with autoimmune
rheumatic disease who were SARS-CoV-2 seropositive
and those who were SARS-CoV-2 seronegative compared
with SARS-CoV-2 seropositive and seronegative controls.

Methods

Study design and participants

This is a retrospective subgroup analysis of a large ongoing
prospective, controlled, phase 4 study (CoronavRheum) of
immunogenicity and safety of two doses of the inactivated
SARS-CoV-2 vaccine CoronaVac in patients with
autoimmune rheumatic diseases* being conducted in a
single site (Rheumatology Division of Hospital das
Clinicas, Faculdade de Medicina da Universidade de Sao
Paulo) in S3o Paulo, Brazil, to assess the dynamics of
response to this SARS-CoV-2 inactivated vaccine in
patients with autoimmune rheumatic diseases who are
seropositive for SARS-CoV-2-specific antibodies at baseline
compared with those who are seronegative at baseline and
with controls.

For the main trial, patients with autoimmune rheumatic
diseases from our outpatient rheumatology clinics in Sdo
Paulo, Brazil, were consecutively invited to participate in
the study if they were aged 18 years or older and if they
fulfilled the classification criteria for one of the following
autoimmune rheumatic diseases: rheumatoid arthritis,
systemic lupus erythematosus, spondiloarthritis, vasculitis,
primary Sjogren’s syndrome, systemic sclerosis, systemic
autoimmune myopathies, and primary antiphospholipid
syndrome. Additionally, hospital services workers, health
professionals, and hospital administrative service
employees or their relatives without autoimmune rheu-
matic disease and not taking immunosuppressive therapy
were recruited to comprise the healthy control group.
Exclusion criteria were in accordance to our previous
report.* Key exclusion criteria were history of anaphylactic
response to vaccine components, acute febrile illness or
symptoms compatible with COVID-19 at vaccination,
decompensated heart failure (class III or IV), demyelinating
disease, previous vaccination with any SARS-CoV-2 vaccine,
history of live virus vaccine up to 4 weeks before enrolment,
receipt of inactivated virus vaccine up to 2 weeks before
enrolment, patients who were being treated in hospital for
any reason, and not providing consent to participate.

The study protocol was approved by the National
and  Institutional  Ethical ~Committee (CAAE:
42566621.0.0000.0068) and written informed consent
was obtained from all participants.

Procedures

The CoronaVac COVID-19 vaccine (batch number
20200412, Sinovac Life Sciences, Beijing, China) used in
this study was supplied by the Instituto Butantan

www.thelancet.com/rheumatology Vol 4 February 2022

(Sao Paulo, Brazil). Patients and controls were vaccinated
in a two-dose schedule, via intramuscular injection with
3 pg of vaccine in 0-5 mL of B-propiolactone inactivated
SARS-CoV-2. The first dose and blood collection were
done for most participants on Feb 9-10, 2021 (day 0), the
second dose with blood collection was done on
March 9-10, 2021 (day 28), and the last blood collection
was done on April 19, 2021 (day 69) at the hospital
convention center. For this subgroup analysis, incident
COVID-19 cases were assessed from day 0 to day 79.

Laboratory tests were done at the central laboratory
division of Hospital das Clinicas da Faculdade de
Medicina da Universidade de Sdo Paulo (supervised by
AJSD and LS). Human IgG antibodies against the
SARS-CoV-2 spike (S) 1 and S2 proteins were measured
using a chemiluminescent immunoassay (Indirect
ELISA, LIAISON SARS-CoV-2 S1/S2 IgG, DiaSorin,
Italy). The lower limit of quantification of the assay was
3-8 UA/mL and seropositivity was defined as
anti-SARS-CoV-2 (S1/S2) IgG of more than 15-0 UA/mL.
For titres below the limit of quantification, a value of
1-9 UA/mL was assigned.

A SARS-CoV-2 neutralising antibody assay was done
using the cPass SARS-CoV-2 neutralisation antibodies
detection kit (GenScript, Piscataway, NJ, USA). Results are
expressed as positive or negative neutralising antibodies
according to the manufacturer recommended cutoff of
percentage signal inhibition (=30% inhibition)."” Medians
and IQRs of the percentage of neutralising activity were
calculated at all timepoints (at day 0, day 28 and day 69),
attributing the value of 15% (half of positive inhibition
cutoff) to undetectable levels (<30%).

The study was monitored by independent vaccine
experts, who comprised the Data Safety Monitoring
Board. Local and systemic vaccine-related adverse effects
were carefully reviewed with each participant at in-person
visits on day 28 and day 69, as previously reported.”
Vaccine adverse effect severity was ranked according to
WHO definitions.” 24 h access to the medical team was
available to all participants, including telephone contacts,
email, and WhatsApp messages for safety support, from
day 0 until day 69.

All participants completed a standardised questionnaire
to assess their history of SARS-CoV-2 infection at baseline
(appendix 2 p 8). Reports of any previous positive RT-PCR
test were requested. Social risk factors associated with
increased risk of exposure to SARS-CoV-2 were also
registered by all participants. Incident cases were defined
as new cases of symptomatic SARS-CoV-2 infection,
confirmed with RT-PCR between day 0 and day 79.* All
positive samples tested at our site were further
characterised for variants of concern at the same hospital.
RNA was extracted using QIAamp Viral RNA Mini Kit
(Qiagen, Hilden, Germany) according to manufacturer’s
instructions, as previously described.”

For this subgroup analysis, seronegative and seropositive
patients with autoimmune rheumatic disease and

See Online for appendix 2
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seropositive and seronegative controls were selected from
the main cohort. Patients with pre-vaccination positive
COVID-19 serology (ie, anti-S1 or S2 IgG or neutralising
antibodies) were classified as being seropositive patients
or controls and those with pre-vaccination negative
COVID-19 serology were classified as seronegative
patients or controls.

Outcomes

The primary outcomes were rates of anti-SARS-CoV-2 S1
and S2 IgG seropositivity and SARS-CoV-2 neutralising
antibody positivity at day 28 and day 69 and immuno-
genicity dynamics were assessed by median neutralising
activity (ie, activity of neutralising antibodies) and by
geometric mean titres (GMT5) of anti-SARS-CoV-2 S1 and
S2 IgG and median neutralising antibody activity in
SARS-CoV-2 seropositive patients with autoimmune
rheumatic diseases compared with seronegative patients
and seropositive and seronegative controls.

Secondary outcomes were the influence of previous
(ie, prevaccination) symptomatic versus asymptomatic
SARS-CoV-2 infection ascertained by RT-PCR or rapid
antigen test on vaccine-induced antibody response,
antibody dynamics in patients who had symptomatic
SARS-CoV-2 infection within the past 3 months (inclusive)
versus more than 3 months previously, and vaccine safety.

Exploratory outcomes were prevalence of RT-PCR
positive test results among participants (ie, COVID-19
incident cases), analysis of variants of concern, and
analysis of infection severity and of social risk factors
associated with exposure to SARS-CoV-2.

We did post-hoc analyses of demographic and disease-
specific factors associated with anti-SARS-CoV-2
S1 and S2 IgG seropositivity and neutralising antibody
positivity at day 28 in seropositive patients, and
comparison of vaccine-induced anti-SARS-CoV-2 antibody
seropositivity between previously asymptomatic patients
and seronegative patients.

Statistical analysis

All treatment groups in this subgroup analysis were
selected via convenience sampling from the large phase 4
prospective cohort CoronavRheum.' Seronegative and
seropositive patients with autoimmune rheumatic
disease and seropositive and seronegative controls were
selected from the main cohort, in a 1:3:1:1 ratio, matched
for age (up to 5 years difference) and sex using an in-
house program run on Excel (Microsoft 2018) for random
selection of individuals in each category.

We present categorical variables as n (%), continuous
variables as median (IQR), and anti-SARS-CoV-2 S1and S2
IgG serology titres as geometric means (95% CI). We did
statistical comparisons between groups using the x2 test or
Fisher’s exact test for categorical variables and Student’s
t test or the Mann-Whitney U test for continuous variables.
We transformed anti-SARS-CoV-2 S1 and S2 IgG titre data
in natural logarithm(In) before analysis, and we describe

the values of In(IgG) titres and neutralising antibodies
according to groups (seropositive and seronegative patients
with autoimmune rheumatic diseases and seropositive
and seronegative controls) and at each assessment
timepoint (day 0, day 28, and day 69). We compared In-
transformed anti-SARS-CoV-2 S1 or S2 IgG titres and
neutralising antibody activity between groups and between
timepoints (day 0, day 28, and day 69) using generalised
estimating equations with normal marginal distribution
(for IgG titres) and gamma distribution (for neutralising
antibodies) and identified binding function assuming first
order autoregressive correlation matrix between time-
points. We did Bonferroni multiple comparisons to
identify differences between groups and timepoints.

The primary outcomes and post-hoc analysis of factors
associated with anti-SARS-CoV-2 S1 and S2 IgG
seropositivity and neutralising antibody positivity at
day 28 were assessed in all participants who were selected
as part of random sampling. Secondary outcomes were
assessed in all participants who received vaccine, before
random sapling. We assessed incident case surveillance in
all participants of CoronavaRheum of data cutoff
(April 29, 2021) from day O to day 79. Participants with
RT-PCR-confirmed previous SARS-CoV-2 infection
between day 0 and day 69 were excluded from the
immunogenicity analyses, but were included in incident
case surveillance (from day 0 to day 79).

We assessed vaccine safety among all the participants
who were randomly selected for this subgroup analysis.
We did this by analysing reports of any vaccine side-effect
and the reviewing the standardised diary completed by
the participants, including local and systemic
manifestations. Vaccine-related adverse effects were
carefully reviewed with each participant at in-person
visits on day 28 and day 69.

We did all analyses using the IBM-SPSS for Windows
(version 22.0) and we made graphs of mean profiles and
SEs using the Microsoft-Excel 2010 software. The tests
were performed with a significance level of 5%. This
study is registered with ClinicalTrials.gov, NCT04754698

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. Instituto Butantan supplied the study product
and had no other role in the trial.

Results

Between Feb 4 and Feb 8, 2021, 1418 patients and
542 controls were recruited to CoronavRheum, of whom
1193 patients and 492 controls attended three study visits
that occurred on Feb 9-10, 2021 (day 0), on March 9-10, 2021
(day 28), and on April 19, 2021 (day 69), and received
two doses of inactivated SARS-CoV-2 vaccine on days 0
and 28. Of the 1685 participants who received both doses
of CoronaVac, 86 were excluded from further analyses
because they became infected with SARS-CoV-2 during the
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study or did not have available data for analysis (figure 1).
After applying the exclusion criteria and random sampling,
the final study groups for this immunogenicity analysis
comprised 942 participants, of whom 157 were SARS-CoV-2
seropositive patients with autoimmune rheumatic
diseases, 157 were seropositive controls, 471 were sero-
negative patients with autoimmune rheumatic diseases,
and 157 were seronegative controls (figure 1).

In the analysable population, the median age was 48
years (IQR 38-56) and 594 (63%) were female and
348 (37%) were male. Participant groups were comparable
with regards to baseline age, sex, and ethnicity
distribution (table 1). A shorter disease duration was
observed in SARS-CoV-2 seropositive patients with
autoimmune rheumatic disease than in seronegative
patients (p=0-011; table 1). Disease and treatment
distributions were similar between seropositive and
seronegative patients (table 1).

A high proportion of seropositive patients and controls
had anti-SARS-CoV-2 S1 or S2 IgG seropositivity at day
28 (149 [95%] of 157 vs 155 [99%)] of 157; p=0-10) and these
proportions remained high at day 69 (154 [98%] vs
157 [100%]; p=0-25) with comparable seropositivity rates
at both timepoints (table 2). In the seropositive patient
and control groups we also observed high proportions of
participants with neutralising antibody positivity at
day 28 (138 [88%] vs 151 [96%]; p=0-0067), which was
sustained at day 69 (141 [90%] vs 155 [99%]; p=0-0005);
although, a lower proportion of patients were neutralising
antibody positive than controls.

A distinct pattern was detected for seronegative patients
with autoimmune rheumatic diseases, with a low
proportion of patients having anti-SARS-CoV-2 S1 or S2
IgG seropositivity (99 [21%] of 471) and neutralising
antibody positivity (108 [23%]) at day 28, and the second
dose was required to obtain moderate proportions with

1418 patients with autoimmune rheumatic diseases
in the CoronavRheum trial assessed for eligibility

542 healthy individuals assessed for eligibility

225 excluded

1 had demyelinating disease

161 refused to participate
13 being treated in hospital

24 were suspected to have COVID-19 at day 0 or had
RT-PCR confirmed SARS-CoV-2 <4 weeks before day 0

25 had previous SARS-CoV-2 vaccination
1 received inactivated virus vaccine <2 weeks before day 0

50 refused to participate

v v

v v

239 seropositive for 954 seronegative for

177 seropositive for

315 seronegative for

anti-SARS-CoV-2 S1or S2
19G serology or neutralising
antibodies, or both

anti-SARS-CoV-2 S1orS2
IgG serology or neutralising
antibodies, or both

anti-SARS-CoV-2 S1or S2
19G serology or neutralising
antibodies, or both

anti-SARS-CoV-2 S1or S2
IgG serology or neutralising
antibodies, or both

v

v

v

v

239 vaccinated with two
doses of CoronaVac

954 vaccinated with two
doses of CoronaVac

177 vaccinated with two
doses of CoronaVac

315 vaccinated with two
doses of CoronaVac

study

3 became infected with
SARS-CoV-2 during

study

39 became infected with
SARS-CoV-2 during

study

1 became infected with
SARS-CoV-2 during

43 excluded
8 became infected
with SARS-CoV-2
during study
35 did not have results
atday 69

A 4

A 4

v

A 4

236 included in convenience
sampling for this subgroup
analysis

915 included in convenience
sampling for this subgroup
analysis

176 included in convenience
sampling for this subgroup
analysis

272 included in convenience
sampling for this subgroup
analysis

79 excluded due to random
selection

>

444 excluded due to

random selection

b

selection

19 excluded due to random

115 excluded due to
random selection

A

y

v

A

157 included in subgroup
analysis

471 included in subgroup
analysis

157 included in subgroup
analysis

157 included in subgroup
analysis

Figure 1: Study profile
S=spike.
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SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 p value
seropositive patients seronegative patients  seropositive seronegative
with autoimmune with autoimmune controls (n=157) controls (n=157)
rheumatic diseases rheumatic diseases
(n=157) (n=471)
Demographic data
Age, years
Median 48 (38-57) 48 (38-56) 48 (36-56) 48 (38-57) 0-98
>65 4 (3%) 12 (3%) 4 (3%) 7 (4%) >0-999
At diagnosis 33(22-43) 30 (22-40) - - 011
Disease duration, years 12 (7-19) 14 (8-22) - - 0-011
Sex . . . >0-999
Female 99 (63%) 297 (63%) 99 (63%) 99 (63%)
Male 58 (37%) 174 (37%) 58 (37%) 58 (37%)
Race - . . 012
White 78 (50%) 234 (50%) 58 (37%) 76 (48%)
African-Latin American 76 (48%) 6 (48%) 95 (61%) 74 (47%)
Asian 1(1%) 7 (1%) 4(3%) 4(3%)
Indigenous Brazilian 2 (1%) 4 (1%) 0 3(2%)
Clinical data
Autoimmune rheumatic disease
Rheumatoid arthritis 39 (25%) 125 (27%) 0-68
Axial spondyloarthritis 32 (20%) 80 (17%) 034
Psoriatic arthritis 16 (10%) 56 (12%) 0-56
Systemic lupus erythematosus 37 (24%) 115 (24%) 0-83
Systemic vasculitis 10 (6%) 32 (7%) - - 0-85
Systemic autoimmune myopathy 6 (4%) 20 (4%) - - >0-999
Systemic sclerosis 7 (4%) 13 (3%) . . 029
Primary Sjégren’s syndrome 6 (4%) 16 (3%) - - 0-80
Primary antiphospholipid syndrome 4 (3%) 13 (3%) - - >0-999
Current therapies
Hydroxychloroquine 44 (28%) 127 (27%) 0-80
Sulfasalazine 20 (13%) 45 (10%) - - 0-26
Prednisone 47 (30%) 182 (39%) - - 0-050
Dose, mg per day 6 (5-10) 5 (5-10) - - 0-21
Immunosuppressive drugs 94 (60%)* 296 (63%) - - 0-51
Methotrexate 44 (28%) 135 (29%) - - 0-88
Leflunomide 18 (11%) 57 (12%) 0-83
Mycophenolate mofetil 16 (10%) 55 (12%) - - 0-61
Azathioprine 15 (10%) 49 (10%) 0-76
Othert 8 (5%) 19 (4%) - - 0-57
Biologic agent 53 (34%) 174 (37%) - . 047
TNF inhibitor 27 (17%) 81 (17%) - . >0-999
Abatacept 5(3%) 20 (4%) - - 0-56
Secukinumab 11 (7%) 21 (4%) - - 0-21
Othert 10 (6%) 49 (10%) - . 013
Data are n (%) or median (IQR). p values are calculated using data across all groups where possible, and only between the seropositive and seronegative patients for
rheumatic disease characteristics. Categorical variables were compared between groups using the x test or Fisher’s exact test and all continuous variables were compared
using the Mann-Whitney U. *Sums to more than the patient numbers provided because seven patients were taking more than one immunosuppresive drug.
‘tCyclophosphamide, cyclosporin, tacrolimus, and tofacitinib. £Tocilizumab, rituximab, belimumab, and ustekinumab.
Table 1: Baseline demographic and clinical characteristics of SARS-CoV-2 seropositive and seronegative patients with autoimmune rheumatic diseases
and seropositive and seronegative controls

anti-SARS-CoV-2 S1 or S2 IgG seropositivity (353 [75%)]) reach a moderate response at day 69 (proportion with
and neutralising antibody positivity (289 [61%)]) at day 69. IgG seropositivity was 57 [36%] of 157 at day 28 and
Likewise, seronegative controls also needed two doses to 150 [96%)] at day 69; neutralising antibody positivity was
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56 [36%)] at day 28 and 128 [82%)] at day 69; table 2). The
proportion of seronegative patients who had a response
was significantly lower than among seropositive patients
at day 28 (p<0-0001) and day 69 (p<0-0001). Also, the
proportion of seronegative controls with IgG
seropositivity and neutralising antibody positivity was
lower than among seropositive patients at day 28
(p<0-0001) but not at day 69 (p=0- 34), and the proportion
who had neutralising antibody positivity was lower at
day 28 (p<0-0001) and day 69 (p=0-036; table 2).

Seropositive patients and controls had similar vaccine-
induced antibody dynamics, with substantial increases
from day 0 to day 28 and no further increase from day 28
to day 69 (table 3, figure 2; appendix 2 pp 2-3).

We observed changes from day 0 to day 28 in
seronegative patients for anti-SARS-CoV-2 S1 or S2 IgG
GMTS (from 2- 3 arbitrary units [AU]/mL[95% CI 2-2-2-3]
to 5-7 [5-1-6-4]; table 3, figure 2 [data presented as

In(IgG)]) and for neutralising antibody activity
(15% [IQR 15-15] to 15% [15-15]; table 3; appendix 2
pp 2-3). A substantial increase was seen in

anti-SARS-CoV-2 S1 or S2 IgG GMTs from day 28 to
day 69 for seronegative patients (from 5-7AU/mL [95% CI
5-1-5-4] to 29-6 AU/mL [26-4-33-3]). A similar increase
was observed for neutralising antibody activity from day
28 to day 69 (15% [IQR 15-15] to 39% [15-65]; table 3;
appendix 2 pp 1-2). Seronegative controls had a similar
pattern, with minor increases after the first dose and
substantial increases after the second dose for both
anti-SARS-CoV-2 S1 or S2 IgG GMTs and neutralising
antibody activity (table 3; appendix 2 pp 1-2). Significantly
lower proportions of seronegative patients had IgG
seropositivity and neutralising antibody positivity at day 28
and day 69 than did seronegative controls (table 2).

In line with these findings, when the groups were
compared at different timepoints, seropositive patients
and controls had similar IgG titres at day 0 (p>0-999) and
day 69 (p=0-41) but titres were higher in seropositive
controls at day 28 (p=0-0080; table 3). For neutralising
antibody activity, the values were similar at day 0 (p>0-999),
day 28 (p=0-119), and day 69 (p=0- 300; table 3). By contrast,
seropositive patients had significantly higher values than
seronegative patients at all timepoints for IgG GMTs and
neutralising antibody activity (table 3). Seropositive
patients also had significantly higher IgG GMTs and
neutralising antibody activity than did seronegative
controls at all timepoints (table 3; appendix 2 pp 1-2).

In a post-hoc analysis, we found no significant
associations between demographic data and specific
autoimmune rheumatic diseases and therapies and
anti-SARS-CoV-2 S1 or S2 IgG seropositivity and
neutralising antibody positivity in the seropositive patient
group at day 28 (appendix 2 p 3).

We assessed the effect of previous symptomatic versus
asymptomatic SARS-CoV-2 infection on vaccine-induced
response. Of 157 seropositive patients with autoimmune
rheumatic diseases, 43 had no confirmation of previous
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Anti-SARS-CoV-2 S10rS21gG Neutralising antibody positivity
seropositivity
Day 0 Day 28 Day 69 Day 0 Day 28 Day 69
SARS-CoV-2 seropositive 140 (89%) 149 (95%) 154 (98%)  135(86%) 138 (88%) 141 (90%)
patients with
autoimmune rheumatic
diseases (n=157)
SARS-CoV-2 seropositive 149 (95%)  155(99%) 157 (100%) 140 (89%) 151(96%) 155 (99%)
controls (n=157)
SARS-CoV-2 seronegative 0 99 (21%) 353 (75%) 0 108 (23%) 289 (61%)
patients with
autoimmune rheumatic
diseases (n=471)
SARS-CoV-2 seronegative 0 57 (36%) 150 (96%) 0 56 (36%) 128 (82%)
controls (n=157)
p value
Seropositive patients vs 0-061 0-10 0-25 0-39 0-0067 0-0005
seropositive controls
Seropositive patients vs <0-0001  <0-0001 <0-0001 <0-0001 <0-0001 <0-0001
seronegative patients
Seropositive patients vs <0-0001 <0-0001 034 <0-0001 <0-0001 0-036
seronegative controls
Seronegative patientsvs ~ >0-999 <0-0001 <0-0001 >0-999 0-0016 <0-0001
seronegative controls
Data are n (%). Positivity for anti-SARS-CoV-2 S1 or S2 IgG was defined as post-vaccination titre of =15 AU/mL.
Positivity for neutralising antibodies was defined as a neutralising activity 230%. Frequencies of seropositivity were
compared using the y* test.
Table 2: Anti-SARS-CoV-2 S1 or S2 IgG and neutralising antibody seropositivity rates at baseline and
after the first (day 28) and second (day 69) doses of CoronaVac vaccination

acute infection by RT-PCR or rapid antigen test and
therefore they were excluded from this analysis. The
remaining 114 patients with a previous symptomatic
RT-PCR or rapid antigen test confirmed COVID-19 were
included. 41 (36%) of 114 had a previous symptomatic
infection and 73 (64%) had a previous asymptomatic
infection. We found significantly higher levels
anti-SARS-CoV-2 S1 or S2 IgG GMTs on day 0 in the
symptomatic group than in the asymptomatic group
(75-1 AU/mL [95% CI 55-4-101-8] vs 39-0 AU/mL
[28-0-54-3]; p=0-010) and thereafter similar levels after
each vaccine dose (figure 3A). Neutralising antibody
activity responses showed the same pattern, with higher
day 0 neutralising activity in the previously symptomatic
group than in the previously asymptomatic group (74%
[IQR 47-88] vs 53% [37-75]; p=0-042) but similar levels at
day 28 (p=0-12) and day 69 (p=0-20; figure 3B). At
day 69, the comparison of previously asymptomatic
patients with seronegative patients revealed significantly
higher IgG seropositivity (71 [97%] of 73 vs 353 [75%]
of 471; p<0-0001) and neutralising antibody positivity
(66 [90%] wvs 289 [61%]; p<0-0001) in previously
asymptomatic seropositive patients than in seronegative
patients (post hoc). IgG and neutralising antibodies
positivities were also higher in previously asymptomatic
seropositive patients than in seronegative patients at
day 0 (p<0-0001) and at day 28 (p<0-0001; data not
shown).
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Anti-SARS-CoV-2 IgG S1 or S2 IgG GMT, AU/mL (95% Cl)

Median neutralising activity of
neutralising antibodies, % (IQR)

Day 0 Day 28

Day 69 Day 0 Day 28 Day 69

SARS-CoV-2 seropositive patients with
autoimmune rheumatic diseases (n=157)

autoimmune rheumatic diseases (n=471)

52:3(429-639) 1289(105-6-157-4) 1371(1162-1619)  59(39-83) 82(54-96) 79 (57-94)

SARS-CoV-2 seropositive controls (n=157) 53-3(45-4-62-5)  202-0 (174-8-233-4) 1886 (167-4-212-6) 58 (41-79) 92(79-96) 92 (75-96)
SARS-CoV-2 seronegative patients with 2:3(2:2-2:3) 57 (5:1-6-4)

SARS-CoV-2 seronegative controls (n=157) 2:3(2:1-2:5) 106 (8:7-131) 717 (63-5-81.0) 15(15-15)  24(15-37)  61(37-79)
p value
Seropositive patients vs seropositive >0-999 0-0080 0-41 >0-999 0-119 0-300
controls
Seropositive patients vs seronegative <0-0001 <0-0001 <0-0001 <0-0001 <0-0001 <0-0001
patients
Seropositive patients vs seronegative <0-0001 <0:0001 <0:0001 <0:0001 <0-0001 0-010
controls
Seronegative patients vs seronegative >0-999 <0-0001 <0-0001 >0-999 <0-0001 <0-0001
controls

Proportion of neutralising activity of neutralising antibodies are expressed as median (IQR) and anti-SARS-CoV-2 S1 or S2 IgG antibody titres are expressed as GMTs with
95% Cls. The minimum possible value for neutralising activity is 15% (attributed for values of <30%). AU=arbitrary units. GMT=geometric mean titre.

296 (26-4-33:3) 15(15-15)  15(15-15) 39 (15-65)

(day 28) and second (day 69) doses of CoronaVac vaccination

Table 3: Geometric mean titres of anti-SARS-CoV-2 S1 or S2 IgG and median percentage of neutralising activity and before (day 0) and after the first

The median of elapsed time after SARS-CoV-2 infection
in symptomatic patients was 81 days (IQR 8-395) before
vaccination. Antibody dynamics in patients with
symptomatic infection less than or equal to 3 months (n=21)
and more than 3 months (n=20) before vaccination were
similar for IgG GMTs and neutralising antibody activity,
with a significant increase from day 0 to day 28 (<3 months
only for IgG [p=0-038]; >3 months both IgG [p<0-0001]
and neutralising antibodies [p=0-0040]) with no further
increase from day 28 to day 69 (<3 months: IgG p=0-92
and neutralising antibodies p=0-64; >3 months: IgG
p=0-55 and neutralising antibodies p=0-49; data not
shown).

The inactivated SARS-CoV-2 vaccine CoronaVac was well
tolerated, with only mild adverse events reported
(appendix 2 pp 5-6). Most adverse events were reported at
higher frequencies among seropositive patients than
among seronegative patients and seropositive and sero-
negative controls, particularly abdominal pain (p=0-026)
and tremor (p=0-0040) after the first vaccine dose. After
the second dose, vaccine injection erythema (p=0-022) and
induration (p=0-023) were also more frequently reported
by seropositive patients than the other groups. (appendix 2
p 5-6). Among all participants in CoronavRheum as of
data cutoff (April 29, 2021), incident cases of SARS-CoV-2
infection confirmed with RT-PCR from day 0 to day 79
were less often observed in seropositive patients than in
seronegative patients (three [1%] of 239 vs 39 [4%] 954;
p=0-031). Eight cases of SARS-CoV-2 infection were
reported between day 38 (10 days after complete
vaccination) and day 79 (seven among seronegative
patients with autoimmune rheumatic diseases and one in
a seropositive patient). Regarding infection severity among

these cases, seronegative and seropositive patients had a
similar frequency of hospital admissions for COVID-19
(one [33%] of three vs five [13%] 39; p=0-378) and
mechanical ventilation (one [33%)] vs zero; p=0-071). SARS-
CoV-2 genotyping could not be done for all symptomatic
participants because 24 participants could not attend our
centre for testing and instead had a PCR test for suspected
SARS-CoV-2 infection at an external site. Among the
18 samples analysed for variants of concern, 16 (89%) had
the gamma (P.1) variant, one (6%) had the alpha (B.1.1.7)
variant, and one (6%) had a distinct variant.

Further analysis of incident RT-PCR-confirmed
COVID-19 cases in seronegative patients with and
without seroconversion after full vaccination (from
10 days after vaccine second dose to day 79) showed no
difference between both groups (six [1%] of 707 wvs
one [<1%)] of 247; p=0-68).

In the convenience sampled population, the analysis
of social risk factors associated with exposure to
SARS-CoV-2 showed that suspected COVID-19 contact
in close relatives was significantly higher among sero-
positive patients (70 [45%)] of 157) than among sero-
negative patients (92 [20%] of 471; p<0-0001) and
seronegative controls (33 [21%)] of 157; p<0-0001), but
similar to among seropositive controls (57 [36%] of 157;
p=0-035; appendix 2 p 7). Adherence to social quarantine
was lower in seropositive controls (25 [16%]) and
seronegative controls (35 [22%)]) than among seropositive
patients (98 [62%]), whereas use of public transportation
was less frequent in patients (86 [55%] of seropositive
patients and 221 [47%] of seronegative patients) than
among controls (130 [83%)] of seropositive controls and
121 [77%)] seronegative controls; appendix 2 p 7).

www.thelancet.com/rheumatology Vol 4 February 2022



Articles

—B- Seropositive patients with autoimmune rheumatic diseases
—#- Seronegative patients with autoimmune rheumatic diseases
~@- Seropositive controls
-@- Seronegative controls
A
61
a 5
5
i
wv
a
2 47
9 —~
¢E
< =
D2 3
[t}
-2
[
£ 2+
4
c
c
w
5 14
0 T T T
B
100
90 p>0-99
» &
—e
~ 80+ p<0-0001
S
2 704
=
s}
I 60+
>
o
2
2 50
c
]
2 404
=2
®
2 30 p<0-0001
Z 20
104
0 T T T
Day 0 Day 28 Day 69
Timepoint

Figure 2: Anti-SARS-CoV-2 S1 or S2 IgG GMTs (A) and neutralising antibody
activity (B) before (day 0) and after the first (day 28) and second (day 69)
doses of CoronaVac

Datapoints are mean values, with error bars showing SD. The minimum possible
value for anti-SARS-CoV-2 S1 or S2 IgG is 0-64 (In 1.9, the value attributed IgG
titres of <3-8 AU/mL) and for neutralising activity is 15% (attributed for values
of <30%). Data are also shown after Bonferroni’s multiple comparison in the
appendix (pp 2-3). Tests were always two-sided. AU=arbitrary units.
GMT=geometric mean titre. S=spike.

Discussion
Here we provide the first evidence that previous exposure
to SARS-CoV-2, with or without symptoms, results in
distinct dynamics of antibody response in a large
population of seropositive and seronegative patients with
autoimmune rheumatic diseases and controls immunised
with an inactivated SARS-CoV-2 vaccine, CoronaVac.
Seropositive patients developed a robust response that
plateaued between the first and second dose, whereas
seronegative patients had moderate antibody production
only after two doses of vaccine.

The criterion of positive pre-vaccination immune
response that we used, which was independent of
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Figure 3: Anti-SARS-CoV-2 S1 or S2 IgG GMTs (A) and neutralising antibody
activity (B) before (day 0) and after the first (day 28) and second (day 69)
doses of CoronaVac in seropositive patients with autoimmune rheumatic
diseases who had symptomatic infection (n=41) versus asymptomatic
infection (n=73)

Datapoints are means with error bars showing SDs. The minimum possible value
for anti-SARS-CoV-2 S1or S2 IgG is 0-64 (In 1.9, the value attributed IgG titres of
<3-8 AU/mL) and for neutralising activity is 15% (attributed for values of <30%).
AU=arbitrary units. GMT=geometric mean titre. S=spike.

symptoms or RT-PCR positivity, offered a broader
definition of SARS-CoV-2-exposure.” In fact, serological
detection is a more precise estimation of previous
SARS-CoV-2 infection because asymptomatic infection
can account for 40-50% of cases.”

Our findings support those of a previous small study in
seropositive patients with autoimmune rheumatic
diseases showing that mRNA-based and adenovirus-
based SARS-CoV-2 vaccines induced high and similar
IgG responses, with a substantial increase after the first
dose, and no further increase after a second dose.* We
found here that, in a larger population, the same response
occurred with an inactivated vaccine in an immuno-
suppressed population. The possible underlying
mechanism for this robust response is related to pre-
existing memory B cells, because recurrent exposure is
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known to recall responses to a greater extent than the
primary response.® In line with these findings, previous
reports on an mRNA-based SARS-CoV-2 vaccine have
already found that one dose of vaccine was sufficient to
increase both cellular and humoral immune responses in
healthy individuals who have recovered from
COVID-19.7721%

Although patients with autoimmune rheumatic diseases
have reduced vaccine immunogenicity, not only to
SARS-CoV-2 infection'* but also to other vaccines (eg, for
H1N1influenza),” our study provides convincing evidence
that patients who have been exposed to SARS-CoV-2
respond adequately to an inactivated SARS-CoV-2 vaccine
independent of intrinsic immunological defects or
therapy. This finding is of great relevance for individuals
who are immunocompromised because the presence of
anti-SARS-CoV-2 S1 or S2 antibodies after infection was
associated with a considerable reduction of the risk of
COVID-19 in health-care workers.”

Supporting this result, we observed the same kinetics
for neutralising antibody activity in seropositive patients
and controls, with a peak reached after the first dose in
both groups without further increase after the second
dose, and with both groups achieving levels of
approximately 70-80%. This immune response in
seropositive patients with autoimmune rheumatic
disease contrasts with the lower neutralising antibody
activity observed in seronegative patients after two doses
of same the vaccine* and it was also higher than in the
seronegative controls. This observation is relevant
because of the reported correlation between serum
neutralising antibody titres and protection from
SARS-CoV-2 infection in human and animal models.”
Notably, the mRNA-based vaccine BNT162b2 (BioNTech—
Pfizer) elicited an increase in anti-SARS-CoV-2 S1and S2
antibody response after two doses in seropositive healthy
individuals (20 times higher than in seronegative
individuals)® compared with what we observed after
vaccination with CoronaVac after two doses; an
approximately five times higher antibody response in
seropositive patients and controls than in seronegative
patients.

Previous studies in patients with autoimmune rheumatic
diseases have shown effects of immunosuppressive
therapy on antibody production after inactivated virus-
based, mRNA-based, and adenovirus-vector-based
SARS-CoV-2 vaccinations.***” Mycophenolate mofetil,
methotrexate, rituximab, and TNF inhibitors had a
negative effect on anti-SARS-CoV-2 antibody responses,
especially in seronegative populations of patients.**” By
contrast, immunosuppression might be less relevant in
seropositive patients, because we observed no detrimental
effect on humoral response with these drugs, although we
cannot draw any definitive conclusions because of the
small sample of patients who were seronegative at day 28.
The longer disease duration in our population of
seronegative patients than in our seropositive patient

population is probably not clinically important for
immunogenicity, because age remained balanced between
the groups.

Neutralising antibody activity before vaccination was
higher in seropositive patients with RT-PCR-confirmed or
serology-confirmed previous infection who were
symptomatic than in those who were asymptomatic, in
accordance with previous reports that neutralising
antibody activity correlates positively with disease severity.”*
However, after the first dose of vaccine, both groups
reached a similar peak without further increase after the
second dose, suggesting that for seropositive patients, a
single dose of vaccine results in a boost to the maximum
level of response with CoronaVac, independent of the
underlying immunosuppressive condition. However,
other investigators have reported that asymptomatic or
oligosymptomatic individuals who have been exposed to
SARS-CoV-2 but are otherwise healthy had a different
response after an mRNA-based vaccine (BNT162b2), with
lower antibody responses after two doses than symptomatic
individuals.’

In line with previous studies that included healthy
individuals,”® we found that seropositive patients with
autoimmune rheumatic diseases had more vaccine-
related adverse events than did seronegative patients,
which could be related to exacerbated immunity after
vaccination, although more data are needed to define the
underlying mechanism.*” Ebinger and colleagues’ found
that previously infected individuals had adverse post-
vaccine symptoms more frequently than did individuals
who had not been previously infected.

The main strength of our study was its prospective
design, with all participants receiving vaccine within
2 days at one site, which enabled an adequate comparison
of the kinetics of humoral response between study groups.
Moreover, the inclusion of study groups balanced for sex
and age, and similar groups of patients with autoimmune
rheumatic diseases with regards to the diverse diagnoses
allowed a more precise assessment of the specific effect of
previous exposure to SARS-CoV-2 on the humoral
response pattern in the different groups. SARS-CoV-2
vaccine responses might be affected by the presence of
immune-mediated inflammatory diseases, age, and sex.”
Treatment was also similar in the patient groups, which is
relevant because glucocorticoids, immunosuppressives,
and biological therapies have been reported to impair
SARS-CoV-2 vaccine immunogenicity*” Additionally,
few studies on pre-vaccination SARS-CoV-2-exposed
individuals have focused on the detailed immunological
analysis of neutralising antibodies;* the leading candidate
for a surrogate marker of protection.” Notably, the ELISA
kit we used to detect neutralising antibodies does not
completely replace the gold standard live-virus
neutralisation assay, but a comparison between the
two tests revealed 98 - 2% sensitivity and 69 - 5% specificity.”

Our study limitations include the paucity of
assessment of memory B-cell and T-cell responses,
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which is relevant to assess the recall of antibody
response.® Also, we have not assessed the effect of
CoronaVac on disease activity, but previous large studies
in patients with autoimmune rheumatic diseases
reported that disease remains stable after SARS-CoV-2
vaccination.” The absence of mRNA vaccination as a
comparator is another limitation.

In summary, we found that SARS-CoV-2-exposed
patients with autoimmune rheumatic diseases have a
robust response that plateaus between the first and second
dose of CoronaVac, independent of disease or therapy. Our
finding raises the possibility that the reduced
immunogenicity observed in seronegative patients might
not represent the optimum response potential after a first
SARS-CoV-2 vaccination, and therefore emphasises the
importance of at least a second dose of vaccine in these
patients. Future studies are urgently needed to assess
whether a third dose of vaccine would be of additional
value regarding clinical protection against COVID-19.
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