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Humoral SARS-CoV-2 immunogenicity wanes 3 months
after heterologous inactivated vaccine followed
by ChAdOx1 nCoV-19 in autoimmune rheumatic diseases

Parichat Uea-areewongsa,' Nawamin Pinpathomrat,” Jomkwan Ongarj,”> Ratchanon Sophonmanee,” Purilap Seepathomnarong,?
Bunya Seeyankem,? Smonrapat Surasombatpattana,® Porntip Intapiboon’

Abstract

Background: Alongside vaccine hesitancy, impaired and waning immunity in autoimmune rheumatic diseases (ARDs)
are barriers to immunization. The timeframe of immunity waning in ARD remains unclear.

Objectives: We aimed to examine the waning of humoral immunogenicity in a cohort of ARD patients who received
the heterologous inactivated vaccine followed by the adenoviral vector SAR-CoV-2 vaccine at a 3-month follow-up.

Methods: The levels of SARS-CoV-2 anti-RBD IgG were evaluated at 1 and 3 months in adults with ARDs (n = 29) and
age- and sex-matched healthy controls (HC) that received the heterologous prime-boost CoronaVac vaccine followed
by the ChAdOx1 nCoV-19 vaccine. Seropositivity was defined as anti-receptor binding domain (RBD) IgG levels of
> 7.15 binding antibody units (BAU)/mL. The kinetic properties of the vaccines were evaluated based on the ratio of
anti-RBD IgG values obtained at each follow-up. Disease activity was evaluated.

Results: The seropositivity rate was lower among patients with ARDs than among HCs (89.7% vs. 100%, p = 0.237).
At 3 months, the median (IQR) anti-RBD IgG level was lower among patients with ARDs than among HCs
(122.3 [30.6, 247.8] vs. 294.2 [127.4,605.7] BAU/mL, p = 0.006). Mean antibody levels in patients with ARDs decreased
3.5 (1.9)-fold within 3 months post-vaccination (122.3 [30.6, 247.8] vs. 279.9 [86,1076.5] BAU/mL, p < 0.001). Disease
flare-ups occurred in three patients.

Conclusion: Our findings included changes to anti-RBD IgG levels and may inform vaccination strategies. SAR-CoV2
vaccine-induced immunity was lower in patients with ARDs than in HCs and decreased within 3 months, suggesting a

need for booster vaccinations.
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Introduction
Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) wvariants of concern are associated with
increased infection transmissibility and severity. Two doses
of SAR-CoV2 vaccines may be insufficient to curb infection
spread due to waning immunity and immune escape by the
variants of concern."” Booster shots are the current strategy
for inducing and maintaining immunity, preventing disease
symptoms, and reducing mortality risks.

Patients with autoimmune rheumatic diseases (ARDs)
require booster shots due to the increased mortality risk
from SAR-CoV2 infection.’ In addition, immunosuppressive
drugs may impair humoral immunogenicity from vaccines,*®
while vaccine hesitancy is a barrier to achieving vaccine
immunogenicity.

The waning of vaccine immunogenicity has been
reported after two doses of the mRNA vaccine in
healthy populations.”® Some studies have reported a
significant decrease in neutralized activity nearly 3 months
post-vaccination.” Similar waning patterns have been reported
in populations that received the adenoviral vector vaccine.'
However, to the best of our knowledge, there has been
no previous study of vaccine immunogenicity kinetics
in a heterologous regimen, and vaccine immunogenicity
kinetics data from ARD populations are scarce. This study
aimed to evaluate humoral immunogenicity kinetics in
patients with ARD and healthy controls (HC) that received the
heterologous prime-boost inactivated (CoronaVac) vaccine
followed by the ChAdOx1 nCoV-19 (Oxford-AstraZeneca)
SARS-CoV-2 vaccine. Disease flare-up rates were evaluated.

Methods
Study design and population

This prospective cohort study included adult ARD
patients from rheumatology clinic, Songklanagarind Hospital,
Thailand. All ARD patients who were vaccinated with the
heterologous prime-boost CoronaVac vaccine followed by
the ChAdOxl nCoV-19 vaccines over 21-35 days were
invited to participate in the study if (i) aged 18-60 year,
(ii) had stable disease activity defined by disease activity
score 28 (DAS28) < 5.1 points for rheumatoid arthritis (RA),
Modified Systemic Lupus Erythematosus Disease Activity
Index 2000 (mSLEDAI-2K) < 4 points for SLE, or physician
judgment for other ARD types. (iii) received at least one
immunosuppressive drug as follows: prednisolone < 20 mg/
day, methotrexate > 10 mg/week, azathioprine > 50 mg/
day, mycophenolate mofetil > 1,000 mg/day, or leflunomide
> 10 mg/day, as a stable dose for a month prior vaccination.

(iv) able to temporarily suspended immunosuppressive
drugs according to The American College of Rheumatology
recommendation."! Poster announcements in the vaccine
centre were used to invite sex- and age-matched HC without
any medical illnesses, who did not take any medication, and
had received the same vaccination regimen for the same
duration to form control groups. Participants who contacted
coronavirus disease 2019 (COVID-19) during the study
period were excluded. All participants provided written
informed consent. This study was approved by the Human
Research Ethics Committee (REC. 64-421-14-1) and adhered
to the principles of the Declaration of Helsinki and Good
Clinical Practice.

Vaccine humoral immunogenicity

Humoral vaccine immunogenicity was evaluated at 1
and 3 months after the participants received both vaccine
doses. Anti-receptor binding domain (RBD) IgG levels were
quantified by chemiluminescent assay against a recombinant
Spike (S) protein (S1/S2) using the ARCHITECT i System
(Abbott, Abbott Park, IL, USA) and chemiluminescent
microparticle immunoassay (SARS-CoV-2 IgG II Quant,
Abbott Ireland, Sligo, Ireland). The World Health
Organizations standardized binding antibody unit (BAU/mL)
was used with the SARS-CoV-2 IgG II Quant assay.
Values of > 7.15 BAU/mL were considered positive. Changes
to antibody levels were evaluated using anti-RBD IgG values
expressed as ratios of estimates obtained at 1- and 3-month
follow-up.

Disease activity after vaccination

Disease activity was monitored from the date of
vaccination completion until 3 months thereafter. DAS28
for rheumatoid arthritis (RA), mSLEDAI-2K for SLE,
or physician judgment based on clinical and laboratory
assessments for other ARD types. Disease flare-up was
defined as an increase in the DAS28 score of > 1.2 points or
that of > 0.6 points if current DAS28 scores of > 3.2 points,'?
an increase in the mSLEDAI-2K score by = 4 points,”* or an
increase in corticosteroid and/or immunosuppressive drug
doses, as determined by the attending rheumatologist.

Statistical analysis

R version 3.5.1 statistical software (R Foundation for
Statistical Computing, Vienna, Austria) was used for data
analysis. The variables are presented as mean (SD) or
median (interquartile range [IQR]), while categorical
variables are presented as counts and percentages.
Comparisons between groups were performed using the x* or
Wilcoxon rank sum tests, as appropriate. P-values of < 0.05
were considered significant.
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Results

This study included 29 patients with ARD and HC
matched at a 1:1 ratio. All participants received the
CoronaVac vaccine followed by the ChAdOxl nCoV-19
vaccine. The participants’ baseline characteristics were
similar in both groups and the baseline characteristics of
patients with ARD and HC are present in Table 1. Most
participants were female (86.2%), and the median (IQR)
age was 37 (23-49) and 43 (31-52) years in ARD and HC
respectively. The median (IQR) number of days between
vaccination completion and blood collection at 1 and 3
months in ARD was 33 (29, 34) and 89 (84, 95) days,
respectively which was similar to HC. ARDs patients
presented with SLE (48.3%) and RA (34.5%), and most
(n = 23, 80%) received prednisolone at the mean (SD) dose
of 6.8 (3.0) mg/day. The prescribed immunosuppressive drugs
and doses as follow; azathioprine (41.4%) at the mean (SD)

dose of 70.8 (20.8) mg/day, methotrexate (41.4%) at the mean
(SD) dose of 13.3 (2.0) mg/week, mycophenolate mofetil
(17.2%) at the mean (SD) dose of 1,500 (353.5) mg/day. Three
(10.3%) patients received leflunomide and methotrexate for
RA.

At the 3-month follow-up, the seropositivity rates in
the ARD and HC groups were 89.7% and 100% (p = 0.237),
respectively. All seronegative patients were found in the SLE
group. The median (IQR) anti-RBD IgG level was lower in
the ARD group than in the HC group (122.3 [30.6,247.8]
vs. 294.2 [127.4,605.7] BAU/mL, p = 0.006) (Table 2 and
Figure 1). In the SLE group, the median (IQR) anti-RBD
IgG level was lower than those in other ARD types; however,
this difference was not significant (93.5 [22.4, 205.0] vs.
165.6 [69.9, 379.8] BAU/mL, p = 0.156) (Supplementary
Table S1).

Table 1. Baseline characteristic of participants with autoimmune rheumatic diseases (ARDs) and healthy controls (HC).

Characters

Female sex
Median age, y (IQR)
Time to blood collection, days (IQR)
First collection
Second collection
ARDs
SILY
RA
Others'
Immunosuppressive dose
Prednisolone; mg, (mean, (SD))" (n = 23)
Azathioprine; mg, (mean, (SD))" (n = 12)

Methotrexate; mg, (mean, (SD))" (n = 12)

Leflunomide; mg, (mean, (SD)) (n = 3)

Mycophenolate mofetil; mg, (mean, (SD)) (n =5)

ARDs HC

n =29 (%) n=29 (%) Ll

25 (86.2) 25(86.2) 1

37 (23, 49) 43 (31,52) 0.194
33 (29, 34) 33 (29, 35) 0.834
89 (84, 95) 89 (84, 93) 0.378
14 (48.3)
10 (34.5)

5(17.2)

6.8 (3.0)
70.8 (20.8)
133 (2.2)
1,500 (353.5)

20.0 (0.0)

GC, glucocorticoids; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus

'two cases of psoriatic arthritis; one case of systemic vasculitis, one case of systemic sclerosis, and one case of dermatomyositis

Table 2. Third-month humoral immunogenicity of CoronaVac followed by ChAdOx1 nCoV-19 (Oxford-AstraZeneca)
vaccine regimen in patients with autoimmune rheumatic diseases (ARDs) compared to healthy controls (HC).

Total
N =58 (%)

Humoral immunogenicity

ARDs HC
N =29 (%) N =29 (%)

Seropositivity
SARS-CoV-2 anti-RBD Ab (BAU/ml); median (IQR)

Waning anti-RBD Ab ratio (SD)

55 (94.8)
183.4 (88.4,391.3)

3.5(1.7)

26 (89.7) 29 (100) 0.237

122.3 (30.6,247.8) | 294.2 (127.4,605.7) 0.006

3.5(1.9) 3.5(1.5) 0.936

BAU, binding antibody units
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1000 Humoral immunogenicity was measured using anti-RBD
p=0006 IgG levels at 1- and 3-month follow-up post-vaccination.
Values obtained in the ARD group are shown in Figure 2. In
:-E‘ 800 —_— this group, SARS-CoV-2 anti-RBD antibody levels decreased
5 3.5 -fold or 56.4% within 3 months post-vaccination (122.3
3 ; o [30.6, 247.8] vs. 279.9 [86.0, 1076.5] BAU/mL, p < 0.001).
2 600 : In this study, three patients experienced disease
2 _ flare-ups, including increased DAS28 scores in two RA
i patients and proteinuria in one SLE patient. All patients
< 200 with disease flare-ups required treatment escalation,
3 including corticosteroids or disease-modifying antirheumatic
S drugs. No case requiring hospitalization or significant
g 260 : immunomodulatory therapy adjustments was observed.
(%]
: Discussion
: : International guidelines recommend that patients with
0 HC “ARDs ARD receive a third or further dose of the SARS-CoV-2

Figure 1. Comparisons of antibody levels at 3 months
after SARS-CoV-2 anti-RBD IgG followed by ChAdOxl1
nCoV-19 (Oxford-AstraZeneca) vaccination in patients
with ARD and healthy controls (HC). Values are presented
as medians. P < 0.05 indicates statistically significant
findings.

p <0.001
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Figure 2. SARS-CoV-2 anti-RBD IgG Kkinetic findings
at 1 and 3 months after completing heterologous
prime-boost CoronaVac followed by ChAdOx1 nCoV-19
(Oxford-AstraZeneca) vaccination in patients with
autoimmune rheumatic diseases. P < 0.05 indicates
statistically significant findings.

vaccine."*”® However, vaccine hesitancy and concerns are
observed in this population, including worries of adverse
events and primary disease flare-ups. As a result, patients
tend to delay booster shots, despite emerging variants of
concern. This study aimed to examine the waning of vaccine
immunogenicity over time. Herein, we demonstrated that
anti-RBD IgG levels in ARD patients were lower than those
in the healthy population at 3 months post-vaccination.
However, the rates of disease flare-ups were relatively low.

The current vaccine could not prevent onward infection
by vaccinated people infected by SARS-CoV-2 virus. Vaccine
efficacy studies demonstrated that the vaccine prevented
severe disease and hospitalization, and decreased the
duration of hospital stay and mortality.'>’” Measures taken
by the public for personal protection and social measures
implemented by policy-makers are useful methods for
preventing infection.”® Determining the protective activity
of antibodies can be done by detecting the neutralizing
antibody (Nabs)."” However, this test is not widely available
in laboratories due to the requirement of level 3 biohazard
security. Therefore, anti-RBD levels are being used in
assessing the humoral immune response and correlation
studies of neutralization activity reported an acceptable degree
of agreement between IgG titers and neutralizing titers.?**!
However, Takheaw N et al. showed that anti-RBD IgG levels
could not predict the presence of Nabs against the emerging
Omicron variant.”?

To date, there has been no standardized cut-off value
of antibody titer that would protect against ARS-CoV-2
infection. Nevertheless, the protective efficacy of a vaccine
also depends on cellular immunity and the viral strain. No
previous study has defined the levels of protection needed
to boost the efficacy of vaccine shots. Meschi S et al
demonstrated that a threshold of 2,000 BAU/mL was strongly
correlated with virus neutralization and protective response.
A cut-off anti-spike IgG titeragainst symptomatic infection
of > 264 BAU/mL was reported by Feng S et al, but this
level only applied to the Alpha (B.1.1.7) variant.** The results
of our study revealed that the anti-RBD IgG level was 122.3
BAU/mL in ARD patients, which is not enough to prevent
severe infection. We aim to highlight the need for booster
doses in this vulnerable population.
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Previous studies on antibody kinetics were mostly
performed in healthy populations and reported inconsistent
findings. For example, the humoral response persisted for 3-6
months in the mRNA-1273 or BNT162b2 vaccine recipients.””’
Einav et al. reported on decreasing neutralizing antibody
titres in the period of 70-80 days after immunization,
specifically in patients presenting with an immunosuppressive
state.” Overall, the humoral immunogenicity kinetic rate
declined by approximately 70%-90% within 3-5 months.?>*
Similar findings were reported in participants that had
received two doses of the AZD1222 (ChAdOxl nCoV-19,
AstraZeneca) vaccine; specifically, the anti-spike IgG levels
dropped to 52.1 BAU/mL within 3 months in one study."
Longitudinal studies are rare on inactivated or adenoviral
vector vaccine immunogenicity in patients with ARD. One
study reported a decrease in the levels of anti-RBD antibodies
at 4-6 weeks after the second dose of either the AZD1222
or BBV152 (Bharat Biotech) vaccine.” Little is known about
the longitudinal progression of vaccine-induced immunity
to COVID-19 in patients with ARD, including post-booster
shots. Our study suggested a need for a booster shot at least
3 months after the second primary dose following some
evidence of waning immunogenicity.”**

The risk of disease flare-up post-vaccination has been
reported at a rate of 3-10.5%.%3° This risk may be accounted
for by the interruption of immunosuppressive drug activity,
immune activation triggered by vaccines, and molecular
mimicry leading to the aberrant activation of the innate and
adaptive immune responses.’’ However, few patients required
treatment escalation, and none required hospitalization;
similarly, in the present study, three patients experienced
disease flare-ups, but none experienced any serious
complications. These findings may support vaccination
programs and help increase vaccination acceptance. Although
disease flare-up risks cannot be eliminated, symptoms can
be managed with medication adjustments, increasing patient
comfort.

This study had some limitations. First, the sample size
was small. Second, antibody levels were not measured
before vaccination; however, the enrolled participants did
not report any symptoms of COVID-19 infection. Third,
only anti-RBD IgG to SAR-CoV2 levels were evaluated;
neutralizing antibodies and cellular immunogenicity were not
evaluated. Nevertheless, a previous study has demonstrated
an association between antibody titres and neutralization.*
To our knowledge, this is the first study to prospectively
evaluate the waning of humoral immunity in patients
with ARD that had been vaccinated with the heterologous
prime-boost inactivated vaccine followed by ChAdOxl
nCoV-19.

The strength of this study is the use of age- and
sex-matched HCs. Future studies should validate these
findings using large samples and referring to optimal
protective antibody titres. These findings support the use of
booster shots for immunocompromised patients that have
received the primary series of anti-SAR-CoV2 vaccines as per
the current guidelines.'*"?
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Conclusion

The humoral immunity induced by the SAR-CoV2
vaccine in patients with ARD is lower than that in HCs and
wanes within 3 months post-vaccination. Booster shots are
recommended.
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nCoV-19

(Oxford-AstraZeneca) vaccine in patients with SLE and non-SLE autoimmune rheumatic diseases

Total
N =29 (%)

Immunogenicity

Non-SLE
N =15 (%)

P-value

N =14 (%)

Seropositivity

SARS-CoV-2 anti-RBD IgG (BAU/ml) median (IQR)

26 (89.7)

122.3 (30.6, 247.8)

11 (78.6) 15 (100.0) 0.1

93.5 (22.4, 205) 165.6 (69.9, 379.8) 0.156

BAU, binding antibody units




