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Objectives:  To  evaluate  humoral  responses  to three  doses  of  the  inactivated  SARS-CoV-2  vaccine  (Coron-
aVac)  in patients  with  spondyloarthritis  (SpA)  and  the effect  of therapy,  compared  with  a control  group
(CG).
Methods:  Prospective  cohort  of  axial  SpA/psoriatic  arthritis  patients  and age/sex-balanced  CG  from  the
CoronavRheum  phase  4 trial (NCT04754698).  CoronaVac  was  given  in  two  doses  (28-days  interval)  with
a booster  at  day  210.  Blood  samples  were  collected  in  the  days  0/28  (D28)/69  (D69)  and  240  (D240)  to
evaluate  anti-SARS-CoV-2  IgG  seropositivity  (SP)  and  neutralising  antibodies  (NAb).
Results:  One hundred  and  ninety-four  SpA  patients  were  enrolled  and  183  patients  were age/sex-balanced
with  183  CG.  At  D69,  SpA  patients  showed  a high  SP (80.2%  vs.  95.7%,  P  <  0.001)  and  moderate  NAb
positivity  (61.6%  vs.  82.7%,  P <  0.001),  but lower  than CG.  In  patients,  older  age  prednisone  (P  <  0.001),
methotrexate  (MTX)  (P <  0.001)  and TNF  inhibitors  (TNFi)  (P  <  0.001)  were  independently  associated  with
lower  SP,  while  Caucasian  ethnicity  (P < 0.05)  and  prednisone  (P <  0.01)  were  associated  with  diminished
NAb.  In contrast,  sulfasalazine  (SSZ)  use  was  associated  with  NAb  presence  (P  <  0.05).  In monotherapy,
only  TNFi  was  also  associated  with  absence  of  SP  (P  <  0.05).  Further  comparison  with  CG  revealed  that
TNFi  and/or  MTX  negatively  impacted  SP/NAb  (P < 0.05).  In  contrast,  patients  under  SSZ monotherapy
achieved  100%  SP (P > 0.999)  and  83.3%  NAb  positivity  (P  >  0.999).  SSZ  +  TNFi combination  resulted  in
a  similar  response  than  CG  [SP  (P =  0.153)  and  NAb  (P =  0.715)].  After  third  dose  (D69–D240),  a  major
increment  occurred  for SP (81.3%  to 93.1%,  P  <  0.001)  and  NAb (63.2%  to  86.1%,  P <  0.001),  but still  lower

than  CG  (P  <  0.05),  and only  TNFi  impaired  both  SP (P =  0.016)/NAb  (P =  0.002).
Conclusions:  We  provided  novel  data  demonstrating  that  TNFi  attenuates  immunogenicity  in SpA  patients
while  SSZ  has  a positive  impact  on vaccine  antibody  production.  We  also  confirmed  that  MTX  in  combina-
tion  with  TNFi  had  a major  negative  impact  in  vaccine  humoral  response  (CoronavRheum  clinicaltrials.gov
#NCT04754698).
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1. Introduction
In the context of the severe acute respiratory
syndrome–Coronavirus–2 (SARS-CoV-2) pandemic, which has
already killed millions of people around the world in the last two
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ears, the development of a safe and effective vaccine has been a
lobal priority [1].

Autoimmune rheumatic diseases (ARD) patients have a high risk
f infection and severe SARS-CoV-2 infection [2]. Several reports
ave demonstrated SARS-CoV-2 vaccine safety and effectiveness

n ARD patients including different platforms [3–5]. With regard
o the CoronaVac inactivated vaccine, it is currently recommended

y the World Health Organization (WHO) and has been used in
everal countries around the world, including three of the six
ost populated ones (Brazil, China and Turkey) [1]. Its effective-

ess was demonstrated in an elegant study from Chile with 10.2
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million people [6]. Our group demonstrated in 910 ARD patients a
moderate immunogenicity with a significant reduction in incident
cases and an excellent safety profile [3]. We  further observed in
this population an immunogenicity decay of approximately 24% in
seropositivity after 6 months of the regular 2-dose regimen [7], and
a marked response after booster dose response [8].

Recently, many studies showed that anti-SARS-CoV-2 immuno-
genicity in ARD patients was affected by age and specific DMARD
(disease modifying antirheumatic drugs) [3,4,7–11]. However, no
study has specifically focused only on spondyloarthritis (SpA).
Such patients more frequently use drugs in monotherapy or with-
out association with corticosteroids, avoiding the interference
of these confounding variables in immunogenicity [4,9,12–15].
Moreover, the profile of DMARD in SpA population is unique. A
significant amount of subjects are under sulfasalazine, that was
previously reported as beneficial in inflammatory bowel diseases
(IBD) patients vaccinated with anti-SARS-CoV-2 mRNA or viral-
vector vaccines [16] and were underrepresented is ARD vaccine
studies. Regarding biological DMARD (bDMARD), data on tumor
necrosis factor inhibitors (TNFi) are still controversial, since some
studies show an impairment of vaccine response in IBD [16,17],
while, in general ARD population, this effect is considered minor
when compared to other bDMARD, such as rituximab and abatacept
[3,4,18]. Moreover, anti-IL17 bDMARD was also underrepresented
in vaccine studies.

Therefore, the objective of the present study was to evaluate
humoral immune responses to three doses of the homologous
schedule of the inactivated anti-SARS-CoV-2 vaccine (CoronaVac)
in SpA patients taking synthetic DMARDs and commonly targeted
biological therapy, compared with a control group (CG).

2. Methods

2.1. Study Design and vaccination protocol

This prospective observational cohort study was  conducted at
a single tertiary center in Brazil. Patients with SpA were paired by
sex and age with a CG without ARD and both groups were vac-
cinated with inactivated SARS-CoV-2 vaccine (CoronaVac), which
does not include recombinant mRNA technology, such as BNT162b2
(Pfizer-BioNtech) and CX-024414 (Moderna), or viral vectored plat-
forms, such as ChAdOx1 nCoV-19 (AstraZeneca) or Ad.26.COV2.S
(Janssen). Each dose consisted of 3 �g in 0.5 mL  of �-propiolactone
inactivated SARS-CoV-2 (derived from the CN02 strain of SARS-
CoV-2 grown in African green monkey kidney cells—Vero 25 cells),
with aluminum hydroxide as adjuvant.

The vaccination protocol consisted of a 28-day appart two-dose
schedule of the inactivated SARS-CoV-2 vaccine CoronaVac (batch
#20200412; Sinovac Life Sciences, Beijing, China). Both doses were
applied at the Hospital das Clínicas da Faculdade de Medicina da
Universidade de São Paulo. Vaccinated subjects were assigned to
blood collection at baseline (D0), immediately before the second
dose (D28), and 69 days (D69) from baseline.

Participants were also invited to a study extended phase and
received a third dose of CoronaVac at D210 (210 days from base-
line) and had their humoral response re-evaluated 240 days from
baseline (D240).

Patients were invited to participate after the review of their
electronic records.

2.2. Ethical statement
The study was performed in accordance with the principles of
the Declaration of Helsinki and approved by the National (Comis-
são Nacional de Ética em Pesquisa – CONEP) and Institutional
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thical Committee (Comissão de Ética para Análise de Projetos
e Pesquisa – CAPPesq) of Hospital das Clinicas HCFMUSP, Fac-
ldade de Medicina, Universidade de Sao Paulo, Brazil (ID CAAE:
2566621.0.0000.0068). Written informed consent was obtained
rom all participants.

.3. Inclusion criteria

Adult (age ≥ 18 years old) SpA patients, including axSpA (non-
adiographic SpA and Ankylosing Spondylitis) and psoriatic
rthritis, with regular follow-up at the Outpatient Clinics of
heumatology Division (Hospital das Clinicas, Faculdade de Medic-

na, Universidade de São Paulo, Brazil).
The control group (CG) consisted of subjects without ARD or

mmunosupression among the maintenance/administrative hospi-
al workers and relatives, selected in a 1:1 ratio (1 SpA patient:1
ontrol) to have comparable sex and age (≤ 5 years difference), with
roups assortment made by an Excel program for random selection
f individuals.

.4. Exclusion criteria

Patients with any of the following criteria were excluded: his-
ory of anaphylactic reaction to the vaccine components, acute
ebrile illness, Guillain–Barré syndrome, demyelinating disease,
ardiac insufficiency (classes III/IV), history of live virus vaccina-
ion 4 weeks prior to the study, or inactivated virus vaccination

 weeks prior to the study, history of hemoderivatives transfusion
 months prior to the study, individuals that refused to participate,
nd hospitalized patients.

.5. Immunogenicity assessment

The co-primary outcomes were the presence of anti-SARS-CoV-
 S1/S2 proteins IgG and the presence of NAb at D69 and D240. The
econdary outcomes were geometric mean titres (GMT) of anti-
1/S2 IgG and neutralising activity of NAb at D69 and D240. The
nfluence of demographic data, SpA diagnosis and current therapy

as also assessed.
IgG antibodies against the SARS-CoV-2 S1/S2 proteins were

hecked by a chemiluminescent immunoassay (indirect ELISA;
TI-MAX 3000 equipment, LIAISON SARS-CoV-2 S1/S2 IgG Kit, Dia-
orin, Italy). Seroprotection (SP) was defined as positive serology
≥ 15.0 UA/mL). GMT  (95% CIs) were calculated attributing the value
f 1.9 UA/mL (half of the lower limit of quantification 3.8 AU/mL) to
ndetectable levels (< 3.8 UA/mL).

Circulating NAb were detected by the SARS-CoV-2 sVNT Kit
GenScript, Piscataway, New Jersey, USA). Positivity was defined
s ≥ 30% inhibition of the linkage between the receptor-binding
omain of the viral spike glycoprotein with the ACE2 cell surface
eceptor. Mean (SD) of the percentage of neutralising activity were
nly calculated considering positive samples at D28, D69 and D240.

.6. Medication and disease activity

Demographic data, disease activity status before vaccination,
urrent medications and associated comorbidities of SpA patients
ere assessed by electronic chart review.

.7. Safety assessment
Patients and controls were oriented about possible side effects
f the vaccine. The standard diary of side effects was  evaluated
y the researchers after the first, second and third doses. This
iary included orientations about phone communication in case of
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Table 1
Baseline characteristics of spondyloarthritis (SpA) patients and control group (CG).

SpA
(n = 183)

CG
(n = 183)

Demographics
Current age, years 51.2 (12.0) 51.2 (12.3)
Female, sex 74 (40.4) 74 (40.4)
Caucasian ethnicity 114 (62.3)b 80 (43.7)

Comorbidities
Systemic arterial hypertension 80 (43.7)a 53 (29.0)
Diabetes mellitus 27 (14.8) 29 (15.8)
Dyslipidemia 60 (32.8)b 9 (4.9)
Obesity 58 (31.7) 44 (23.3)
Chronic cardiomyopathy 6 (3.3) 3 (1.6)
Chronic renal disease 14 (7.7)b 0
Current smoking 9 (4.9)a 24 (13.1)
COPD 1 (0.5) 2 (1.1)

Asthma 5 (2.7) 6 (3.3)
Interstitial lung disease 1 (0.5) 0
Pulmonary hypertension 2 (1.1) 0
Hepatic disease 15 (8.6)b 1 (0.5)
Current cancer 1 (0.5) 0
Stroke 1 (0.5) 0
Current tuberculosis 1 (0.5) 0

SpA
AxSpA 100 (54.6) –
PsA  83 (45.4) –

Disease activity
ASDAS-CRP 2.0 (1.1) –
BASDAI 2.3 (2.0) –
DAPSA 13.9 (14.5) –
PASI 2.9 (4.5) –

Current therapy
Prednisone 15 (8.2) –
Prednisone dose, mg 8 (6.0) –
NSAID 74 (40.4) –

Sulfasalazine 41 (22.4) –
Immunosuppressive drugs 74 (40.4) –
Methotrexate 53 (29.0) –
Leflunomide 29 (15.8) –
Biologic therapy 106 (57.9) –
TNFi 73 (39.9) –
Adalimumab 29 (15.3) –
Infliximab 26 (14.2) –
Etanercept 12 (6.6) –
Golimumab 8 (4.4) –
Certolizumab 2 (1.1) –
Secukinumab 27 (14.8) –
Ustekinumab 3 (1.6) –

Results are expressed in mean (SD) and n (%). COPD: chronic obstructive pulmonary
disease; ASDAS-CRP: ankylosing spondylitis disease activity score-C reactive
protein; BASDAI: Bath ankylosing spondylitis disease activity index; DAPSA: dis-
ease  activity in psoriatic arthritis; PASI: psoriasis area severity index; NSAID:
non-steroidal anti-inflammatory drugs; TNFi: tumor necrosis factor inhibitor;
AxSpA: axial spondyloarthritis (non-radiographic spondyloarthritis and ankylosing
spondylitis); PsA: psoriatic arthritis.

a For comparisons between SpA patients and CG: P < 0.01.
b For comparisons between SpA patients and CG: P < 0.001.
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whichever effects that demanded medical care. If tertiary care was
required, the participant was transferred to the Hospital das Clíni-
cas by the vacancies control. Serious adverse effects were defined
as those that resulted in hospitalization or death.

2.8. Sample size calculation and statistical analysis

Sample size calculation was based on the previous reduction of
16% of seroconversion rate after influenza A/H1N1 vaccination in
a large cohort of patients [15]. Considering an alpha error of 5%,
with power of 80%, and expecting a seropositivity rate of 58% in
SpA patients, and 74% in CG, the minimum sample required was
136 SpA patients and 136 controls, paired by age and sex.

Categorical variables were presented as number (percentage)
and compared using �2 or Fisher’s exact tests, as appropriated.
Continuous general data were presented as mean (± standard devi-
ation – SD) and compared using Student’s t-test, Mann–Whitney U
test (two groups) or one-way analysis of variance or Kruskal–Wallis
test, as appropriated. For SpA patients, multivariate logistic regres-
sion analyses were performed with SP or the presence of NAb at
D69 as dependent variables, and variables with P < 0.200 in each
univariate analysis as independent variables. Subgroup analyses,
including only patients with no DMARD or with DMARD monother-
apy, were also performed with the same parameters. Comparisons
of IgG titres were assessed as Napierian logarithm(ln)-transformed
data, using generalized estimating equations (GEE) with nor-
mal  marginal distribution and gamma  distribution, respectively,
and identity binding function, assuming first-order autoregressive
correlation matrix between moments, followed by Bonferroni’s
multiple comparisons between groups (overall patients with SpA
and CG) and time points (D0, D28 and D69 for the regular 2-dose
schedule, or D69 and D240 for patients who received the 3rd dose).
Statistical significance was defined as P < 0.05. All statistical anal-
yses were performed using SPSS, V.20.0 (IBM-SPSS for Windows
V.20.0).

3. Results

This was a subanalysis of a prospective, single center, controlled
phase 4 study (CoronavRheum, clinicaltrials.gov). For the original
study, a total of 315 SpA patients were invited to participate. Forty-
eight patients were excluded: not accepted to participate (n = 34),
previously vaccinated in national protocol (n = 9), patients with past
history of anaphylaxis to vaccine components (n = 4), and hospi-
talisation (n = 1). The remaining 267 SpA patients were vaccinated
in the study. Sixty-four patients were excluded from immuno-
genicity analysis due to baseline positive IgG and/or NAb against
SARS-CoV-2. A CG with comparable sex frequency and age (≤ 5-
year difference) was randomly selected from the original sample
using an Excel program (1:1), comprising a total of 183 patients
matched with 183 controls (Figure S1).

SpA patients and CG were balanced for age [51.2 (12.03) vs. 51.2
(12.3) years, non-significant] and female sex (40.4% vs. 40.4%, non-
significant), but there were more Caucasian patients in SpA group
compared with CG (62.3% vs. 43.7%, P < 0.001). Some comorbidities
and risk factors for severe COVID-19 were more common in SpA
patients than in CG (P < 0.05) (Table 1).

3.1. Immunogenicity in patients with SpA and CG after two-doses
of homologous schedule inactivated SARS-CoV-2 vaccine

From 183 patients in each group, 7 SpA patients and 21 CG were

excluded from immunogenicity analysis for RT-PCR confirmed
COVID-19 between the two vaccine doses (7 patients/5 controls)
or for not attending the final visit (16 controls). The remaining
176 SpA patients and 162 CG persisted comparable regarding age

S
c
r
(

3

istribution (51.2 ± 12.1 vs. 51.6 ± 12.4 years, non-significant) and
emale sex frequency (40.3% vs. 41.3%, non-significant). Immuno-
enicity analysis of these patients after the first vaccine dose (D28),
emonstrated that both IgG SP rate (19.9% vs. 30.2%, P = 0.032) and
Ab positivity (21.0% vs. 35.2%, P = 0.005) were reduced in SpA
atients compared to CG. At D69, SpA patients showed a high IgG
P (80.2% vs. 95.7%, P < 0.001) and a moderate positive NAb rate
61.6% vs. 82.7%, P < 0.001) but lower than CG. In addition, analy-
is of the anti-S1/S2 IgG GMT  (95% CI) evidenced lower titres in
pA [34.4 (29.4–40.2) AU/mL vs. 68.9 (60.9–78.0) AU/mL, P < 0.001]
ompared to CG. Mean NAb activity (SD) was moderate, but also

educed among SpA patients compared to CG [61.4 (15.2) % vs. 66.7
16.1) %, P < 0.05] (Table 2).
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Table  2
Data regarding anti-S1/S2 IgG seropositivity (SP) rates, anti-SARS-CoV-2 S1/S2 IgG titres, frequency of neutralising antibodies (NAb) and mean percentage of neutralising
activity in spondyloarthritis (SpA) patients and controls (CG) after the first (D28) and second doses (D69) of CoronaVac vaccination.

After 1st dose After 2 doses

SpA (n = 176) CG (n = 162) SpA (n = 176) CG (n = 162)

Anti-S1/S2 IgG
SP, n (%) 35 (19.9)a 49 (30.2) 141 (80.2)c 155 (95.7)
GMT  (95% CI) 5.6 (4.7–6.6)c 9.7 (7.9–12.0) 34.4 (29.4–40.2)c 68.9 (60.9–78.0)

Neutralising antibodies (NAb)
NAb presence, n (%) 37 (21.0)b 57 (35.2) 108 (61.6)c 134 (82.7)
Mean neutralising activity, (SD)% 51.1 (16.4) 57.4 (21.4) 61.4 (15.2)a 66.7 (16.1)

Seropositivity (SP) is defined as post-vaccination titre ≥ 15 AU/mL by indirect ELISA, LIAISON SARS-CoV-2 S1/S2 IgG. Frequencies of SP are presented as number (%), and
were  compared using a two-sided Chi2 test between SpA patients and CG at pre-specified time points (D28 and D69). IgG antibody titres are expressed as geometric means
(GMT) with 95% confidence interval (CI). Data regarding IgG titres were analysed using generalised estimating equations (GEE) with normal marginal distribution and gamma
distribution respectively and identity binding function assuming first order autoregressive correlation matrix between moments (D0, D28 and D69) in the comparison of
the  2 groups (SpA vs. CG), followed by Bonferroni’s multiple comparisons. The behavior of IgG titres was different for SpA and CG groups between D28 and D69: mean titres
increased at each time point for SpA and CG (P < 0.001). All analyses were two-sided. Frequencies of subjects with positive NAb are expressed as number (%). Positivity for NAb
was  defined as neutralising activity ≥ 30% (cPass sVNT Kit). Data were compared using a two-sided Chi2 test between SpA patients and CG at pre-specified time points (D28
and  D69). Percentages of neutralising activity among subjects with positive NAb are expressed as mean (± standard deviation – SD). Data were compared using a two-sided
Mann–Whitney U-test for comparison between SpA patients and CG, at pre-specified time points (D28 and D69).
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For comparisons between SpA patients and CG: P < 0.05.
b For comparisons between SpA patients and CG: P < 0.01.
c For comparisons between SpA patients and CG: P < 0.001.

3.2. Assessment of factors associated with immunogenicity in
patients with SpA after two-doses of homologous schedule
inactivated SARS-CoV-2 vaccine

Among all 267 SpA patients who were vaccinated, 194 com-
pleted the protocol at D69 (64 patients were excluded from
immunogenicity analysis for IgG and/or NAb positivity at baseline
and 9 patients were excluded for RT-PCR confirmed SARS-CoV-
2 infection between the two doses) and were evaluated in
regression models. Univariate analysis demonstrated that older
age (OR = 0.82, 95% CI: 0.70–0.97, P < 0.05), Caucasian ethnicity
(OR = 0.42, 95% CI: 0.18–0.98, P < 0.05), prednisone use (OR = 0.16,
95% CI: 0.06–0.45, P < 0.001), methotrexate use (OR = 0.25, 95% CI:
0.12–0.54, P < 0.001), leflunomide use (OR = 0.40, 95% CI: 0.17–0.94,
P < 0.05) and TNFi use (OR = 0.31, 95% CI: 0.15–0.66, P < 0.01)
were associated with non-SP for anti-S1/S2 IgG. For NAb, only
Caucasian ethnicity (OR = 0.48, 95% CI: 0.26–0.91, P < 0.05), pred-
nisone use (OR = 0.21, 95% CI: 0.07–0.62, P < 0.01), methotrexate
use (OR = 0.51, 95% CI: 0.27–0.97, P < 0.05) and TNFi use (OR = 0.52,
95% CI: 0.29–0.95, P < 0.05) were associated with absence of NAb.
The use of sulfasalazine was associated with IgG SP (OR = 3.98,
95% CI: 1.16–13.67, P < 0.05) and NAb positivity (OR = 2.85, 95% CI:
1.28–6.34, P < 0.05). No difference for SP and NAb positivity was
observed between AxSpA patients and PsA (Table 3).

Further multivariate logistic regression analyses of SpA patients
confirmed that older age (OR = 0.80, 95% CI: 0.65–0.99, P < 0.05),
prednisone (OR = 0.06; 95% CI: 0.01–0.29; P < 0.001), methotrex-
ate (OR = 0.06, 95% CI: 0.01–0.26, P < 0.001) and TNFi (OR = 0.05,
95% CI: 0.01–0.25, P < 0.001) were independently associated with
lower IgG SP. Caucasian ethnicity (OR = 0.49; 95% CI: 0.24–0.99;
P < 0.05), prednisone (OR = 0.19, 95% CI: 0.06–0.65, P < 0.01) were
independently associated with lower NAb positivity. The use of SSZ
increased NAb positivity (OR = 2.86, 95% CI: 1.04–7.86, P < 0.05).

3.3. Assessment of factors associated with immunogenicity in SpA
patients under monotherapy or with no DMARD or prednisone

A subgroup analysis including only patients under monotherapy
(n = 93) or with no DMARD or prednisone (n = 28) was performed

and pointed TNFi use (P < 0.01) as negatively associated to SP and
to absence of Nab (P < 0.05) (Table 4).

After multivariate analysis, TNFi use persisted associated only
with absence of IgG SP (OR = 0.21, 95% CI: 0.05–0.90, P < 0.05).
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.4. Factors associated with immunogenicity in patients with SpA
n combination or monotherapy after two-doses of homologous
chedule inactivated SARS-CoV-2 vaccine compared to CG

Comparisons of SpA patients under various therapies sub-
roups and CG were also performed and are presented in Fig. 1,
igure S2 and Table S1.

SpA patients without current DMARD or prednisone presented
imilar IgG SP (100% vs. 96%, non-significant) and NAb positivity
78.3% vs. 83%, non-significant) compared to CG. Methotrexate in

onotherapy or in combination with bDMARD impacted in both
gG SP and NAb (P < 0.05). TNFi also reduced IgG SP and NAb pos-
tivity in monotherapy (SP: 76.3% vs. 96%; P < 0.001; NAb: 47.4%
s. 83%; P < 0.001) or in combination with methotrexate (SP: 36.4%
s. 96%; P < 0.001; NAb: 45.5% vs. 83%, P < 0.01) or leflunomide (SP:
2.9% vs. 96%, P < 0.001; NAb: 42.9% vs. 83%, P < 0.05), but not in
ombination with sulfasalazine (SP: 85.7% vs. 96%, non-significant;
Ab: 78.6% vs. 83%, non-significant). In contrast, sulfasalazine
nd secukinumab did not impact the humoral response either in
onotherapy or in combination.
The same pattern was  observed for GMT of anti-SARS-CoV-2 IgG

Figure S2).

.5. Comparative immunogenicity in patients with SpA in
omparison to CG after third dose (D69 to D240)

In the extended phase, 160 SpA patients and 107 CG received
he third dose of homologous CoronaVac vaccine, and 145 SpA
nd 89 CG were included in the immunogenicity analysis (15 SpA
atients and 18 CG were excluded for not attending the last blood
ollection). The remaining patients were comparable to controls
egarding age (52.0 ± 12.2 vs. 53.0 ± 11.5 years, non-significant)
nd female sex frequency (41.0% vs. 44.9%, non-significant). From
69 to D240, an increment of response was observed among SpA
atients with an increase in anti-S1/S2 IgG SP (81.3% to 93.1%,

 < 0.001) and in NAb positivity (63.2% to 86.1%, P < 0.001). Among
G a significant increase was not found for anti-S1/S2 IgG positivity
97.8% to 100%, non-significant) but was  for NAb positivity (83.1%
o 97.8%, P < 0.01). Despite the increment after the third dose, the

esponse among SpA patients remained inferior in comparison with
he CG for anti-S1/S2 IgG at D240 (93.1% vs. 100%, P < 0.05) and for
Ab (86.1% vs. 97.8%, P < 0.01). At D240, SpA patients compared to
G had lower GMT  titres (95% CI) [145.5 (119.4–177.2) AU/mL vs.
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Table  3
Unadjusted logistic regression models examining the factors associated with positive anti-S1/S2 IgG antibodies and NAb after two doses of CoronaVac (at D69) in spondy-
larthritis (SpA) patients (n = 194).

Anti-SARS-CoV-2 S1/S2 IgG SC Neutralising antibodies (NAb)

OR 95% CI OR 95% CI

Demographic data
Current age (each 5 years interval) 0.82 (0.70–0.97)* 0.92 (0.82–1.05)
Current age ≥ 60 years, n = 59 0.63 (0.29–1.33) 0.63 (0.34–1.19)
Female sex, n = 71 0.89 (0.42–1.88) 0.82 (0.45–1.51)
Caucasian ethnicity, n = 122 0.42 (0.18–0.98)* 0.48 (0.26–0.91)*

SpA diagnosis
AxSpA, n = 108 2.00 (0.96–4.17) 1.64 (0.91–2.96)
PsA,  n = 86 0.50 (0.24–1.04) 0.61 (0.34–1.10)

Disease activity
ASDAS-CRP 0.81 (0.52–1.26) 0.96 (0.66–1.38)
BASDAI 1.09 (0.82–1.45) 1.02 (0.82–1.27)
DAPSA 1.03 (0.98–1.08) 1.02 (0.98–1.06)
PASI  1.13 (0.90–1.42) 0.96 (0.85–1.09)

Current therapies
No drugs, n = 28 15.94 (0.95–267.48) 2.36 (0.91–6.13)
Prednisone, n = 17 0.16 (0.06–0.45)*** 0.21 (0.07–0.62)**
Prednisone dose, mg/day 1.06 (0.88–1.28) 1.07 (0.89–1.30)
Sulfasalazine, n = 45 3.98 (1.16–13.67)* 2.85 (1.28–6.34)*

Immunosuppressive drugs
Methotrexate, n = 54 0.25 (0.12–0.54)*** 0.51 (0.27–0.97)*
Leflunomide, n = 31 0.40 (0.17–0.94)* 0.90 (0.41–1.98)

Biologic therapy
TNFi, n = 74 0.31 (0.15–0.66)** 0.52 (0.29–0.95)*
Secukinumab, n = 28 3.35 (0.76–14.81) 1.88 (0.76–4.68)
Ustequinumab, n = 3 1.64 (0.08–32.51) 1.75 (0.18–17.15)

Results are expressed in OR (95% CI) regarding the positivity for anti-S1/S2 IgG and for NAb. Seropositivity defined as a positive serology (IgG titre ≥ 15 AU/mL) for anti-SARS-
CoV-2  S1/S2 IgG antibodies after vaccination (Indirect ELISA, LIAISON® SARS-CoV-2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb defined as a neutralising activity ≥ 30% (cPass
sVNT  Kit, GenScript, Piscataway, USA); AxSpA: axial spondyloarthritis (non-radiographic spondyloarthritis and ankylosing apondylitis); PsA: psoriatic arthritis; ASDAS-CRP:
ankylosing spondylitis disease activity score-C reactive protein; BASDAI: Bath ankylosing spondylitis disease activity index; DAPSA: disease activity in psoriatic arthritis;
PASI:  psoriasis area severity index; NSAID: non-steroidal anti-inflammatory drugs; TNFi: tumor necrosis factor inhibitor.

* P < 0.05.
** P < 0.01.

*** P < 0.001.

Table 4
Unadjusted logistic regression models examining the factors associated with positive anti-S1/S2 IgG antibodies and NAb after 2 doses of CoronaVac (at D69) in spondylarthritis
(SpA) patients with no DMARD and no prednisone (n = 28) or with DMARD monotherapy (n = 86).

Anti-SARS-CoV-2 S1/S2 IgG SC Neutralising antibodies (NAb)

OR 95% CI OR 95% CI

Demographic data
Current age (each 5 years interval) 0.75 (0.54–1.04) 0.93 (0.78–1.12)
Current age > 60 years, n = 41 1.91 (0.57–6.38) 0.77 (0.35–1.69)
Female sex, n = 36 0.42 (0.12–1.40) 0.66 (0.29–1.50)
Caucasian ethnicity, n = 69 0.74 (0.21–2.63) 0.63 (0.28–1.41)

SpA
AS,  n = 75 2.09 (0.63–6.98) 1.75 (0.78–3.89)
PsA,  n = 39 0.48 (0.14–1.60) 0.57 (0.26–1.28)

Disease activity
ASDAS-CRP 0.96 (0.43–2.12) 1.18 (0.65–2.12)
BASDAI 1.12 (0.65–1.94) 0.86 (0.58–1.25)
DAPSA 1.02 (0.89–1.17) 1.02 (0.92–1.13)
PASI  1.95 (0.46–8.28) 0.86 (0.62–1.19)

Current therapies
No DMARD or prednisone, n = 28 9.56 (0.55–166.92) 2.40 (0.88–6.52)
Sulfasalazine, n = 19 5.84 (0.33–102.91) 3.40 (0.93–12.49)

Immunosuppressive drugs
Methotrexate, n = 16 0.44 (0.10–1.83) 0.65 (0.22–1.91)
Leflunomide, n = 2 0.62 (0.03–13.71) 0.53 (0.03–8.78)

Biologic therapy
TNFi, n = 40 0.15 (0.04–0.57)** 0.37 (0.17–0.83)*
Secukinumab, n = 8 2.25 (0.12–41.39) 0.89 (0.20–3.95)

Results are expressed in OR (95% CI) regarding the positivity for anti-S1/S2 IgG and for Nab. Seropositivity defined as a positive serology (IgG titre ≥ 15 AU/mL) for anti-SARS-
CoV-2  S1/S2 IgG antibodies after vaccination (Indirect ELISA, LIAISON® SARS-CoV-2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb defined as a neutralising activity ≥ 30% (cPass
sVNT  Kit, GenScript, Piscataway, USA); AxSpA: axial spondyloarthritis (non-radiographic spondyloarthritis and ankylosing apondylitis); PsA: psoriatic arthritis; ASDAS-CRP:
ankylosing spondylitis disease activity score-C reactive protein; BASDAI: Bath ankylosing spondylitis disease activity index; DAPSA: disease activity in psoriatic arthritis;
PASI:  psoriasis area severity index; NSAID: Non-steroidal anti-inflammatory drugs; TNFi: tumor necrosis factor inhibitor.

* P < 0.05.
** P < 0.01.
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Table  5
Comparison of anti-SARS-CoV-2 S1/S2 IgG seropositivity, geometric mean titres, neutralising antibodies (NAb) seropositivity and mean percentage activity after second dose
(D69)  and 30 days after the third dose (D240) of Sinovac-CoronaVac vaccination in spondyloarthritis patients (SpA) and control group (CG).

Groups Anti S1/S2 seropositivity Anti-S1/S2 IgG GMT (95% CI) AU/mL NAb positivity Mean neutralising activity (SD) %

D69 D240 D69 D240 D69 D240 D69 D240

SpA- (n = 145) 117
(81.3)c

135
(93.1)b,e

35.7
(29.9–42.7)c

145.5
(119.4–177.2)c,e

91
(63.2)c

124
(86.1)b,e

61.8
(18.7)a

78.0
(21.0)e

CG- (n = 89) 87
(97.8)

89
(100)

78.8
(65.5–94.4)

231.1
(204.4–261.2)e

74
(83.1)

87
(97.8)d

68.2
(18.6)

80.9
(17.9)e

Seropositivity (SP) is defined as post-vaccination titre ≥ 15 AU/mL by indirect ELISA, LIAISON SARS-CoV-2 S1/S2 IgG. Frequencies of SP are presented as number (%), and were
compared using a two-sided Chi2 test between SpA patients and CG at pre-specified time points (D69 and D240). IgG antibody titres are expressed as geometric means
(GMT)  with 95% confidence interval (CI). Data regarding IgG titres were analysed using generalised estimating equations (GEE) with normal marginal distribution and gamma
distribution respectively and identity binding function assuming first order autoregressive correlation matrix between moments (D69 and D240) in the comparison of the
2  groups (SpA vs. CG), followed by Bonferroni’s multiple comparisons. All analyses were two-sided. Frequencies of subjects with positive NAb are expressed as number (%).
Positivity for NAb was defined as neutralising activity ≥ 30% (cPass sVNT Kit). Data were compared using a two-sided Chi2 test or Fisher’s exact test between SpA and CG
at  pre-specified time points (D28 and D69). Percentages of neutralising activity among subjects with positive NAb are expressed as mean (± standard deviation – SD). Data
were  compared using a two-sided Mann–Whitney U-test for comparison between SpA patients and CG, at pre-specified time points (D69 and D240).

a For comparisons between SpA patients and CG: P < 0.05.
b For comparisons between SpA patients and CG: P < 0.01.
c
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For comparisons between SpA patients and CG: P < 0.001.
d For within longitudinal comparisons of subjects at D69 vs. D240: P < 0.01.
e For within longitudinal comparisons of subjects at D69 vs. D240: P < 0.001.

231.1 (204.4–261.2) AU/mL; P < 0.001] and similar mean (SD) NAb
activity [78.0 (21.0) % vs. 80.9 (17.9) %; non-significant] (Table 5).

Regression models analysis of SpA patients after the third
dose showed that the use of TNFi impaired anti-SARS-CoV-2 IgG
(OR = 0.14, 95% CI: 0.03–0.70; P < 0.05) and Nab (OR = 0.08, 95% CI:
0.02–0.40, P < 0.01) response. NAb positivity was also impaired by
female sex (OR = 0.24, 95% CI: 0.08–0.76, P < 0.05).

3.6. Disease activity

Disease activity status pre-vaccination did not influence
humoral response (Tables 3 and 4).

3.7. Safety analysis

Regarding safety analysis, only mild AE were reported and no
difference in number of AE between SpA patients and CG (139 vs.
127, non-significant) was observed. Local reactions had similar fre-
quencies in SpA patients and CG (15.8% vs. 16.9%, non-significant).
Pain at the injection site was the most common in both groups
(12.6% vs. 13.7%, non-significant). We  found differences in the
frequency of systemic reactions among SpA and CG with more reac-
tions among SpA (37.7% vs. 25.7%, P < 0.05). Headache was  the most
common in both groups (15.8% vs. 7.1%, P < 0.01). No major adverse
events were identified in this study.

4. Discussion

The present study is the first to evaluate three doses with homol-
ogous schedule of inactivated SARS-CoV-2 vaccine (CoronaVac) in
SpA patients. We  demonstrated that TNFi reduces immunogenicity
in SpA patients while sulfasalazine has a positive impact on vaccine
antibody response.

The large number of SpA patients under TNFi in our study is
a major strength to evaluate the impact of TNFi in the vaccine
humoral response in SpA patients. The small sample size of this
population under biological therapy in previous studies precludes
a definitive conclusion about the effect of these drugs [4,15]. A CG
population balanced for age was also relevant since this parameter

is known to influence vaccine response [19]. Another advantage of
the present report is the evaluation of NAb antibodies, not included
in previous studies [4,15]. In fact, NAb levels were reported to be
predictive of COVID-19 protection [20,21]. Our study had some

M
d
r
a

6

imitations such as the absence of cellular immunity assessment
nd lack of prospective measures of disease activity.

We confirmed previous observations that SpA patients have a
ower immunogenicity to IgG and NAb two doses of SARS-CoV-2
accines than CG [4,15]. Reinforcing our finding, a lower humoral
esponse after influenza A/H1N1 vaccine was  found in SpA patients
nder TNFi therapy [14]. In addition, the deleterious effect of TNFi

n SARS-CoV-2 vaccine-induced antibody response was  reported
n other autoimmune diseases, including patients with IBD and
soriasis [3,16,18,22].

We  extended this finding addressing specifically AS and PSA and
e were able to identify that specific drugs in combination and

ven in monotherapy impaired immunogenicity. Supporting this
ssertion, patients without any therapy in the present study had
omparable immune responses to CG, suggesting that disease itself
s not a major factor to influence this parameter.

Among patients, prednisone reduced vaccine-induced antibody
esponse, as also reported for other autoimmune diseases with the
ame vaccine platform [3,10] and for mRNA vaccine [4]. MTX  also
mpaired immunogenicity as previously described for CoronaVac
n chronic inflammatory arthritis [23], primary Sjogren’s syndrome
24] and RA [9], for mRNA vaccines [11] and for a pool of SARS-CoV-

 vaccines [24] even in monotherapy [9,25].
With regard to TNFi, a recent review from EULAR did not include

his target therapy among the drugs that impair humoral immune
esponse in overall patients with ARD [26]. On the contrary, we
emonstrated with a large representation of SpA patients that TNFi
ignificantly decreased vaccine response in this population. Rein-
orcing this novel finding, TNFi in monotherapy evaluated herein
lso had the same effect in these patients. The isolated effect of TNFi
n RA [9] and in ARD [4,25] was not reported previously, probably
ue to the fact that the regression models used in these studies

ncluded drugs that had a greater impact in immunogenicity, such
s abatacept [9] and rituximab [4,18]. In addition, the underrepre-
entation of TNFi monotherapy in previous studies hampered the
nterpretation of their findings [18,27]. Other target therapies, such
s IL-17 inhibitors and IL-12/23 did not seem to impact immuno-
enicity consistent with other reports in IBD and psoriasis [16,28].

Of note, SSZ combination was capable of counterbalancing the
mpairment in vaccine humoral response verified with TNFi and
TX, whereas combination therapy between TNFi and MTX  or LEF
eteriorated the response to vaccine in consonance with other
eports [11–13]. Supporting the possible beneficial effect of SSZ,
ll patients under this drug in monotherapy had seroconversion
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Fig. 1. Immunogenicity at D69, according to SpA treatments in comparison to
CG. Two-sided Chi2 or Fisher’s exact test was used as appropriate. All the anal-
yses are two-sided. Data are shown as percentages. CG: control group; SpA:
spondyloarthritis; DMARD: disease modifying antirheumatic drugs; Mono: DMARD
monotherapy and without corticosteroids; Comb: combination therapy of DMARD;
SSZ: sulfasalazine; MTX: methotrexate; TNFi: tumor necrosis factor inhibitors;
SCK: secukinumab; sDMARD: synthetic disease modifying antirheumatic drugs;
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bDMARD: biological disease modifying antirheumatic drugs; LEF: leflunomide; *
P  < 0.001 vs. CG; †  P < 0.01 vs. CG; ‡  P < 0.05 vs. CG. The number of patients in groups
is  depicted under their designations.

and high frequency of NAb, comparable to the CG. In fact, SSZ was
reported to have a relevant immunomodulatory action with a low
immunosuppressive effect, which may  account for the observed
benefit of this therapy [29]. Accordingly, SSZ was  associated with
reduced odds of inadequate antibody response [16].

The recommendation for the third dose was approved in Brazil
[30] and it was particularly relevant for patients under TNFi therapy
monotherapy or combination with MTX  or LEF taking into consider-
ation that less than half of these patients attained SP with complete
vaccine scheme. The overall response to the booster dose was
remarkable for IgG and NAb in SpA patients as also reported by our
group for several autoimmune rheumatic diseases [31] and small

sample population rheumatoid arthritis [32]. But TNFi remained as
the only drug to impair immunogenicity after the additional dose.

No major adverse events were reported in this study. Local and
systemic adverse events were mild and did not compromise the
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ell-being of the subjects regardless of group or disease. This safety
rofile was comparable with other vaccine platforms against SARS-
oV-2 in ARD patients [4,31,33].

We provided novel data demonstrating that TNFi attenuates
mmunogenicity in SpA patients while SSZ has a positive impact on
accine antibody production. We  also confirmed that MTX  in com-
ination with TNFi had a major negative impact in vaccine humoral
esponse.
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