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COVID-19 vaccine uptake,
hesitancy and clinical effects on
patients with Takayasu's arteritis:
A web-based questionnaire
survey from a large cohort

Xiufang Kong*, Xiaojuan Dai*, Lingying Ma*, Jinghua Wang",
Ying Sun® and Lindi Jiang™*

'Department of Rheumatology, Zhongshan Hospital, Fudan University, Shanghai, China, 2Center of
Clinical Epidemiology and Evidence-based Medicine, Fudan University, Shanghai, China

Objective: This study aimed to investigate the Coronavirus disease 2019 (COVID-
19) vaccination rate, reasons for vaccine hesitancy and clinical effects on patients
with Takayasu's arteritis (TAK).

Methods: A web-based survey was administered to a TAK cohort established by the
Department of Rheumatology, Zhongshan Hospital through WeChat in April, 2022.
Responses from a total of 302 patients were received. The Sinovac or Sinopharm
inactivated vaccination rate, side effects, and vaccine hesitancy reasons were
analyzed. In addition, disease flare, new disease onset, and changes of immune-
related parameters after vaccination were analyzed in vaccinated patients.

Results: Among 302 patients, 93 (30.79%) received the inactivated COVID-19
vaccination. Among the 209 unvaccinated patients, the most common reason for
hesitancy were concern about side effects (136, 65.07%). Vaccinated patients had a
longer disease duration (p = 0.08) and lower use of biologic agents (p < 0.001); 16
(17.20%) of the 93 vaccinated patients developed side effects, and most of them
were mild; 8 (8.60%) developed disease flares or new-onset disease 12-128 days
post-vaccination and 2 (2.15%) developed serious adverse effects (vision defect
and cranial infarction). Immune-related parameters of 17 patients indicated
decreases in IgA and IgM after vaccination (p < 0.05). Eighteen (19.35%) of the
93 vaccinated patients were diagnosed post-vaccination.These patients had a
significantly higher percentage of CD19" B cells at disease onset (p < 0.05) than the
unvaccinated patients diagnosed at the same time.

Conclusion: The vaccination rate was low in TAK, which was mainly caused by
concerns about negative effects of vaccination on their disease. An acceptable
safety profile was observed in vaccinated patients. The risk of disease flare
associated with COVID-19 vaccination warrants further investigation.
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Introduction

Since the outbreak of Coronavirus disease 2019 (COVID-19) in
December 2019, COVID-19 has become a global pandemic and a
pressing public health concern worldwide. Vaccination is an effective
way to curb its transmission and protect populations from infection.
There are currently several types of COVID-19 vaccinations,
including an inactivated vaccine, messenger RNA (mRNA) vaccine,
vector vaccine and protein subunit vaccine (1); the inactivated
vaccination is the main type used in China. Vaccinations have been
reported to protect over 60% of adults and children age 5 years and
older from becoming sick or severely ill with COVID-19 (2). To date,
approximately 66.7% of the world’s population has received at least
one dose of the COVID-19 vaccination (3).

However, many populations with underlying illnesses, especially
those with autoimmune diseases, immune deficiency diseases, and
cancer are unwilling to be vaccinated due to multiple uncertainties
(4). Takayasu’s arteritis (TAK) is a rheumatic disease involving the
aorta and its main branches, which predominantly occurs in females
of childbearing age (< 50 years) (5). Abnormal activation of immune
response plays a pathogenic role in the pathogenesis of TAK, and
most patients are under treatment with glucocorticoids combined
with immunosuppressive agents (6). Patients with rheumatic
disorders have a relatively higher mortality rate than the general
population and patients with other chronic diseases, such as diabetes,
chronic kidney disease and cardiovascular disease (7). However,
social, family or personal factors may influence their decision to
get vaccinated.

So far, specific data on the uptake rate of the COVID-19
vaccination among patients with TAK and possible clinical effects
of the vaccination on the severity of their disease have not been
reported. Therefore, this study investigated the vaccination status,
reasons for vaccine hesitancy and potential clinical effects of the
COVID-19 vaccination on a large cohort of patients with TAK.

Methods
Patients

This study was conducted with patients in the East China
Takayasu Arteritis cohort in China, which was established on
January Ist, 2009 by the Department of Rheumatology of
Zhongshan Hospital in Shanghai, China. Patients in the cohort
were mainly from Shanghai and the surrounding areas in the
eastern region of China. All of them had been admitted to the
hospital’s Department of Rheumatology and were diagnosed with
TAK in accordance with the classification criteria of the 1990
American College of Rheumatology (8). All the patients were
regularly followed up and physically assessed at each visit. During
the pandemic situation, patients could be followed up at local centers
with rheumatic department and follow-up data including physical
assessment were collected. Patients’ clinical data were recorded in an
electronic database by one designated person, who was also
responsible for maintaining contact with patients via WeChat.
There are 465 patients with TAK on our WeChat-contact list so far.
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The study was approved by the Institutional Review Board of
Zhongshan Hospital, Fudan University, China (approval number: B-
2016-168(2)R) and it conforms to the provisions of the Declaration of
Helsinki. Consents have been obtained from all the patients before
participating in this survey.

Web-based survey of patients regarding
COVID-19 vaccination

The study design was shown in Supplementary Figure SI. An
electronic questionnaire that was distributed to 465 patients through
WeChat in April, 2022. This survey was not anonymous. The
questionnaire surveyed three major areas: demographics,
vaccination and clinical status. The vaccination-related questions
included COVID-19 vaccination status, dosage, injection date, side
effects post-vaccination and reasons for not being vaccinated.
Regarding with side effects, serious adverse events included deaths
or events that were life-threatening, required inpatient hospitalization
or resulted in persistent damage or significant disability. Clinical-
related questions consisted of effect(s) of the vaccination on disease
status (any worsening of TAK-related signs or symptoms), and
changes in medication dosage or treatment regimen after
vaccination. The government of China has provided free inactivated
vaccines to citizens since January 2021. The vaccinations mainly
include Sinovac COVID-19 vaccine (Sinovac Life Sciences, Beijing,
China) and Sinopharm China Biological Vaccine (Beijing Institute of
Biological Products, Beijing, China).

Clinical data collection and analysis

A total of 302 patients responded to the questionnaire.
Correspondingly, their clinical data included disease duration,
disease activity, imaging types, organ involvement and treatment
regimen before the vaccination rollout were collected from out
database. Disease activity was assessed based on the criteria of the
National Institutes of Health (> 2 points) (9). Vascular imaging types
were classified in accordance with the 1996 Numano classification
(10). Organ involvement included organ failure, organ atrophy or a
severe ischemic event of a specific organ due to severe stenosis or
occlusion of a corresponding artery. These conditions included
cerebral infarction, renal failure, renal atrophy, pulmonary
infarction, cardiac infarction and heart failure. Clinical
characteristics were compared between patients with and without a
vaccination, and vaccination rates among patients were analyzed by
clinical features such as imaging types, organ involvement and
treatment regimens.

Lab test results of immune-related parameters were collected
from 17 patients within six months prior to the first dose of the
COVID-19 vaccination and three months after the second dose.
These parameters included the erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), immunoglobulin G (IgG), IgM,
IgA, IgE, interleukin 1B (IL-1B), IL-6, IL-8, IL-2 receptor (IL-2R),
IL-10, tumor necrosis factor oo (TNF-o), complement 3 (C3), C4,
CH50, and the percentages of the different immune cells, such as the
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CD19" B, CD3* T, CD4" T, CD8" T and natural killer (CD56") cells.
Changes in these parameters after vaccination were analyzed to
evaluate the potential effects of COVID-19 vaccination on the
patient’s immune function.

Eighteen patients were diagnosed post-vaccination based on the
injection date from May 2021 to April 2022. Data on the duration
between the TAK diagnosis and the last vaccination, onset of signs or
symptoms, ESR and CRP were also collected. During the same period,
21 unvaccinated patients were diagnosed with TAK. Their clinical
features, especially their onset of signs and symptoms were compared
to examine the effects of the COVID-19 vaccination on the onset
of TAK.

Statistical analysis

Categorical data are expressed as numbers and percentages;
continuous variables that are normally distributed are expressed as
mean + standard deviation (SD) and continuous variables that are not
normally distributed are expressed as median and interquartile range.
The independent samples t-test, %2 test or Fisher’s exact test was used
to compare the demographic and clinical characteristics between
patients in the vaccinated and unvaccinated groups. SPSS 25.0
(IBM, Armonk, NY, USA) and Prism 9.1.0 (GraphPad, La Jolla,
CA, USA) were used for the statistical analyses.

Results
Patients’ characteristics

No significant differences were found in the demographic or
clinical features between the responders (n = 302) and non-
responders to the vaccination survey (n = 163) (Supplemental Table
S1). The demographic and clinical characteristics of the 302 patients
who answered the questionnaire are shown in Table 1. Their mean
age was 33.69 * 13.32 years, their (female: male) gender ratio was 264:
38, and their disease duration was approximately 35 (16.25, 58.00)
months. Imaging type V (132, 43.71%) was most common among
these patients, and 92 (30.46%) patients had TAK-associated organ
involvement. The major treatment for patients at the vaccination
rollout included glucocorticoids (GCs) combined with biologic
disease-modifying anti-rheumatic drugs (DMARDs) (101, 33.44%),
GCs combined with conventional DMARDs (170, 56.29%), GCs
alone (13, 4.30%) and no treatment (18, 5.96%).

COVID-19 vaccination status of
patients with TAK and their reasons for
not being vaccinated

Among the 302 patients who responded to the questionnaire, 93
(30.79%) accepted the COVID-19 vaccination, nine (2.98%) received
one dose, 48 (15.98%) received two doses, and 36 (11.92%) received
three doses with an additional booster (Figure 1A). None of them had
SARS-CoV-2 infection.
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Patients’ underlying reasons for not receiving the vaccination are
presented in Table 2. The most common reasons for vaccine
hesitation among the 209 unvaccinated patients was their concern
about side effects (136, 65.07%), followed by fear of disease relapse
(94, 44.98%). As per their treating physicians’ recommendations
against vaccination, 52 (24.88%) patients were not vaccinated and
50 (23.92%) were not vaccinated due to poorly controlled or
uncontrolled diseases. Co-occurring disorders, such as cardiac
disease and pregnancy or preparing for pregnancy (preconception
health care) were also reasons for remaining unvaccinated (Table 2).

Demographic and clinical
characteristics of COVID-19 vaccinated
and unvaccinated patients

Characteristics of the vaccinated and unvaccinated patients are
presented in Table 1. No difference was observed in their age (33.59 +
14.38 vs. 33.91 £ 10.68, p = 0.84), age distribution (p = 0.45) or gender
ratio (females vs males: 179, 85.65% vs. 85, 91.40%, p = 0.19) at the
vaccination rollout (Table 1, Figure 1B). Compared with unvaccinated
patients, the vaccinated patients had a relatively longer disease
duration (p = 0.08; Table 1) and a lower percentage of recent
diagnosis (since the year 2020, p = 0.04; Table 1). No differences
were found in imaging type or organ involvement between the two
groups. However, treatment regimens differed significantly between
them (p < 0.001, Table 1). Specifically, the percentage of patients
treated with GCs and biologic DMARDs was higher in the
unvaccinated group than in the vaccinated group (84, 40.19% vs.
17, 18.28%, respectively; p < 0.001). The percentages of the multiple
factors that might have affected the vaccination status of patients in
the vaccinated and unvaccinated groups are shown in Figure 1C.

COVID-19 vaccination uptake rate of
patients with different clinical features

The vaccine-acceptance rate among patients with different clinical
features are shown in Table 3. Among the patients with different
imaging types, those with type III had the highest vaccination rate (6,
46.15%), while patients with type IIA had the lowest vaccination rate
(1, 8.33%). However, no difference in the vaccination rate was found
between patients with and without organ involvement (66, 31.43% vs.
27, 29.35%, p = 0.13). Among patients with different treatment
regimens, the vaccine-acceptance rates were successively reduced
among those treated with single GCs (5, 38.46%), conventional
DMARD:s (53, 31.18%) and biologic DMARDs (17, 16.83%).

Side effects of COVID-19 vaccination and
their potential effects on disease activity

Among the 93 vaccinated patients, 16 (17.20%) developed side
effects, including headache or dizziness, fever, neck pain and
abdominal pain (Table 4). The most common side effect was
headache (11, 11.83%), followed by fever (5, 5.38%) and neck pain
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TABLE 1 Characteristics of the vaccinated and unvaccinated groups.

Characteristics

10.3389/fimmu.2023.1030810

Unvaccinated group Vaccinated group

(QEPIVY) (n=93)

Age at diagnosis (mean * SD, years) 30.59 + 10.30 30.34 £ 9.96 31.15 £ 11.06 0.53
Age at vaccination rollout (mean * SD, years) 33.69 £ 13.32 33.59 + 14.38 33.91 + 10.68 0.84
Sex (female: male, ratio) 264: 38 179:30 85:8 0.19
Disease duration (median, IQR, months) 35 (16.25, 58.00) 31(16.00, 55.00) 41.5 (20.75, 64.25) 0.08
Diagnosed since the year 2020, n (%) 118 (39.07) 90 (43.06) 28 (30.11) 0.04
Been active in the past year, n (%) 72 (23.84) 54 (25.84) 18 (19.35) 0.24
Imaging type, n (%) 0.24

I 85 (28.14) 58 (27.75) 27 (29.03)

IIA 12 (3.97) 11 (5.26) 1 (1.08)

1B 43 (14.24) 27 (12.92) 16 (17.20)

III 13 (4.30) 7 (3.35) 6 (6.45)

v 17 (5.63) 10 (4.78) 7 (7.53)

v 132 (43.71) 96 (45.93) 36 (38.71)
TAK-associated organ involvement, n (%) 92 (30.46) 65 (31.10) 27 (29.03) 0.74

Cerebral infarction 28 (9.27) 21 (10.05) 7 (7.53)

Pulmonary infarction 4 (1.32) 3 (1.44) 1 (1.08)

Heart failure or cardiac infarction 25 (8.28) 15 (7.18) 10 (10.75)

Renal dysfunction or renal atrophy 35 (11.59) 26 (12.44) 9 (9.68)
Major treatment <0.001+
GCs and Biologic DMARDs, n (%) 101 (33.44) 84 (40.19) 17 (18.28)

TOF 40 (13.26) 30 (14.35) 10 (10.75)

TCZ 33 (10.93) 28 (13.40) 5 (5.37)

ADA 21 (6.95) 20 (9.57) 1 (1.08)

IL17Ab 7 (2.32) 6 (2.87) 1 (1.08)
GCs and Conventional DMARDs, n (%) 170 (56.29) 117 (55.98) 53 (56.99)

LEF 85 (28.15) 67 (32.06) 18 (19.35)

MTX 20 (6.62) 13 (6.22) 7 (7.53)

MMEF 15 (4.97) 8 (3.83) 7 (7.53)

AZA 12 (3.97) 7 (3.35) 5(5.38)

CTX 6 (1.99) 3 (1.44) 3 (3.22)

HCQ 14 (4.64) 10 (4.78) 4 (4.30)

Others* 18 (5.96) 9 (4.31) 9 (9.68)
Single GCs 13 (4.30) 8(3.83) 5 (5.38) 0.54
No treatment 18 (5.96) / 18 (19.35)

SD, standard deviation; IQR, interquartile range; ADA, adalimumab; TCZ, Tocilizumab; AZA, Azathioprine; TOF, tofacitinib; LEF, leflunomide; MMF, mycophenolate mofetil; IL17Ab, Secukinumab;
DMARDs, disease-modifying anti-rheumatic drugs; MTX, methotrexate; CTX, cyclophosphamide; HCQ, hydroxychloroquine; GCs, glucocorticoids; *Others: curcumin, Tacrolimus and sirolimus;
indicates comparisons of treatment with biologic and conventional DMARDs, GC alone and no treatment between the vaccinated and unvaccinated groups.

(3, 3.22%). All of these side effects were mild and did not require  information is shown in Figure 2 and Table 5. Among them, 6 cases
clinical care. (Patient 3 to 8, Table 5) were newly diagnosed after vaccination and
However, eight (8.60%) patients developed TAK-associated 2 cases (Patient 1 and 2, Table 5) were previously diagnosed and

new-onset symptoms or worsening of symptoms. Their specific ~ developed new symptoms after vaccination. Furthermore, among
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A
mm 1 dose
== Non-vaccinated patients B 2 doses
mm Vaccinated patients 3 doses
38.71%
Total=302 Total=93
B
mm 10~20 years mm 10~20 years
mm 21~30 years mm 21~30 years
31~40 years 31~40 years
13.98% 41~50 years 16.27% 41~50 years
mm 51~60 years mm 51~60 years
61~70 years 61~70 years

Total=93 Total=209
c
Disease duration >24 months _
Diagnosed since the year 2020 30.1 60
Ever been active in the past year 25.8 193 ‘
With organ involvement 31.1 31.1 L 40
Biologic agents 40.1 30.1
GCs>30mg/d at vaccination rollout 16.2 16.1 Y
Not suggested by doctors 334 1.0
Not suggested by family 12.9 0
Non-vaccination Vaccination —°
FIGURE 1

Vaccination status, age distributions and factors that might have affected patients’ vaccination status. (A) Patients’ vaccination status and the number of
doses accepted:; (B) Age distribution of the vaccinated and unvaccinated patients; and (C) Percentages of the factors that might have affected the
vaccination status of the patients in the vaccinated and unvaccinated groups.

the 6 newly diagnosed TAK patients after vaccination, 5 cases
(Patient 3 to 5 and patient 7 to 8, Table 5) developed first symptoms
of TAK after vaccination and 1 case (Patient 6, Table 5) suffered
from worsened previous symptom after vaccination and then was
diagnosed. Side effects occurred in six patients within one month
(median 17.5 [14.25, 22.5] days) after the last vaccine dose (Patients
1-6) and developed approximately three months later in the
remaining two patients (Patients 7-8). Two (2.15%) patients

Frontiers in Immunology

developed serious adverse effects (vision defect in Patient 2 and
aphasia in Patient 7). Moderate and mild increases in the ESR or
CRP were observed in the eight patients, and all of them were
assessed as active status after hospitalization. One of the two
previously diagnosed patients changed the individualized
treatment regimen to GCs combined with MTX and
Secukinumab (Patient 2). The six newly diagnosed patients
initiated immunosuppressive therapy. Two of them were treated
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TABLE 2 COVID-19-vaccination hesitancy reasons among 209 patients
with Takayasu's arteritis.

Percentage,
n (%)

Reasons for vaccine hesitancy

Concerned about side effects 136 (65.07)
Concerned about disease relapse 94 (44.98)
Not recommended by the attending doctors 52 (24.88)
Uncontrolled disease condition 50 (23.92)
Unwillingness to get the vaccination 19 (9.09)
Not recommended by family members 13 (6.22)
Concurrent other disorders, such as hypertension, uremia and 10 (4.78)
coronary heart disease

Pregnancy or preparing for pregnancy 4 (1.91)
Unknown whether it is suitable to be vaccinated 2 (0.96)
Fear of vaccination 2 (0.96)
Not necessary to be vaccinated 2 (0.96)
Concurrent immunosuppressive treatment 2 (0.96)
TAK onset after flu vaccination 1 (0.48)
Taking multiple medications 1(0.48)

TAK, Takayasu’s arteritis.

with GCs combined with MTX and biologic agents due to the
severity of their conditions.

Among 209 patients without vaccination, 54 (25.84%) patients
experienced relapses during 1* May, 2021 to 30 April, 2022.

Changes of parameters related with
patients’ immune functions after vaccination

Changes in cytokines, immunoglobulin and immune cell
percentages before and after vaccination were analyzed in 17
patients (Figure 3), who had taken at least two doses of the
vaccination. Their clinical features and treatment information are
presented in Supplemental Table S2. Their lab results were collected
within a median duration of 5 (2, 6) months before the first dose and 2
(1, 3) months after the second dose. The results indicated significant
decreases in their IgM (p = 0.009) and IgA (p = 0.005) levels after
vaccination (Figure 3B). A downward trend in the IgG level was
observed (p = 0.09, Figure 3B), but no changes were found in the
other parameters, including cytokines, immune cell percentages and
complement (Figures 3A, C, D). No significant relationship was
observed between the decreased IgM or IgA and a specific treatment.

Potential effects of COVID-19 vaccination
on patients’ disease onset

Among the study’s 302 patients, 18 (5.96%) were diagnosed post-
vaccination. The median duration from the last dose of the
vaccination to the diagnosis was 97 (26, 118) days. These patients
included the 6 cases with new or worsening symptoms after
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TABLE 3 Vaccination rates of patients with different clinical features.

Clinical feature Total Number, percent-
number (N) age, n (%)

Imaging types, n (%)
I 85 27 (31.76)
ITA 12 1(8.33)
11B 43 16 (37.21)
III 13 6 (46.15)
v 17 7 (41.18)
\Y% 132 36 (27.27)

Organ involvement, n (%)
Without 210 66 (31.43)
With 92 27 (29.35)
Cerebral infarction 28 7 (25.00)
Pulmonary infarction 4 1 (25.00)
Heart failure or cardiac 25
infarction 10 (40.00)
Renal dysfunction or renal 35
atrophy 9 (25.71)

Major treatment

GCs and biologic DMARDs, 101

n (%) 17 (16.83)
TOF 40 10 (25.00)
TCZ 33 5 (15.15)
ADA 21 1 (4.76)
IL17Ab 7 1(14.28)

GCs and conventional 170

DMARDs, n (%) 53 (31.18)
LEF 85 18 (21.18)
MTX 20 7 (35.00)
MMF 15 7 (46.67)
AZA 12 5 (41.67)
CTX 6 3 (50.00)
HCQ 14 4 (28.57)
Others* 18 9 (50.00)

Single GCs 13 5 (38.46)

No treatment 18 18 (100.00)

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DMARDs, disease-modifying
anti-rheumatic drugs; ADA, adalimumab; TCZ, Tocilizumab; AZA, Azathioprine; TOF,
tofacitinib; LEF, leflunomide; MMF, mycophenolate mofetil; IL17Ab, Secukinumab; MTX,
methotrexate; CTX, cyclophosphamide; HCQ, hydroxychloroquine; GCs, glucocorticoids;
*Others: curcumin, Tacrolimus and sirolimus.

vaccination mentioned above (Patient 3-8 in Table 5). The other 12
newly diagnosed patients with previous symptoms did not complain
of worsened or new symptoms after vaccination, but just had
confirmed diagnosis after vaccination. In comparison with the 21
patients diagnosed during the same period but without prior
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TABLE 4 COVID-19 vaccination side effects of 93 vaccinated patients.

Side effect Percentage, n (%)

Headache or dizziness 11 (11.83)
Fever 5(5.38)
Neck pain 3(3.22)
Abdominal pain 2 (2.15)
Myalgia 2 (2.15)
Skin itch 2 (2.15)
Increase of ESR and CRP 2 (2.15)
Cough 1 (1.08)
Tinnitus 1 (1.08)
Discomfort of upper limb 1 (1.08)
Palpitation 1 (1.08)
Injection site swelling and redness 1 (1.08)

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

vaccination, these patients had higher percentages of the CD19" B cell
subset (p = 0.04, Supplemental Table S3), and patients with a prior
COVID-19 vaccination tended to have lower IL-6 (p = 0.09), TNF-a.
(p = 0.07) and IL-8 levels (p = 0.08). No significant differences
between patients with and without a prior vaccination were found
in the other clinical features, including patients’ activity, imaging
types, immunoglobulin or complement levels (Supplemental
Table S3).

Discussion

This study analyzed COVID-19 vaccination rates, vaccine
hesitancy and the potential clinical effects of vaccination in a cohort
of 302 patients with TAK. The results indicate that the vaccination
rate in patients with TAK was relatively low (30.79%). Most of the
patients were reluctant to accept the vaccination due to their fear of
side effects or disease flares. Approximately 17.2% of the vaccinated
patients developed side effects. Eight (8.6%) patients presented with
worsening of symptoms or new-onset symptoms post-vaccination,
which were assessed as disease flares or a new active disease.

According to previous reports, the COVID-19 vaccination rate of
patients with rheumatic disease ranged from 24.1% to 78.9% across
different countries (11, 12). The vaccination rate in this study
(30.79%) was comparable to the lower rates previously reported. In
this study, the most common reason for not being vaccinated were
concerns about side effects and disease flares. These reasons were also
common in other investigations of patients with rheumatic diseases
(12, 13). In this study, we also analyzed potential clinical
characteristics that might have affected patients’ vaccination status.
After comparing vaccinated and unvaccinated patients, the results
showed that patients with a shorter duration of disease and those
receiving biologic treatments were less likely to be vaccinated. These
patients might have been more concerned about the impact of the
vaccine’s side effects on their disease or they might have behaved with
more caution due to their biologic treatment. However, other features,
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such as age, disease activity, severe disease with organ involvement
and imaging types were irrelevant to the vaccination status of
the patients.

Since the breakout of the COVID-19 epidemic, numerous
questions and consults from patients have been received about
whether they should be vaccinated. To answer these questions, this
study analyzed the side effects of the COVID-19 vaccination and its
potential effects on their diseases. The vaccines’ incidence of side
effects was low (17.20%) and most of the symptoms were mild. The
most common systemic side effects were headache (11.83%), followed
by fever (5.38%). However, eight (8.60%) patients experienced disease
flares or disease onset due to worsening of their symptoms or the
development of new symptoms. Two (2.15%) patients had serious
adverse effects, one with a vision defect and one with cranial
infarction. According to previous reports, vaccination-related
thrombosis is not considered a rare side effect (14). As TAK is an
inflammatory vascular disease, it would be worthwhile to investigate
whether a patient with TAK is more likely to develop thrombosis.
Fortunately, the symptoms of the patients in the present study
improved during follow-up after treatment.

To understand the side effects of COVID-19 vaccination in other
rheumatic diseases, twenty-four studies have been reviewed. The
literature review strategy is shown in Supplementary material and
the corresponding information are summarized in Supplemental
Table S4. Four studies included information about inactivated
vaccinations (15-18) and the remaining studies included mRNA or
viral vector vaccinations. The total incidence of side effects in patients
with rheumatic disease was approximately 29.9%-89.0%. Most of the
side effects were localized reactions (8.1%-89.0%), which
predominantly presented as pain. The incidence of systemic side
effects was as high as 80.1%, including fatigue, myalgia, headache and
fever. Among them, fatigue was the most common (9.4%-80.0%) side
effect, followed by headache (2.0%-52.1%) and myalgia (9.4%-29.3%).
Approximately 5.0%-23.27% of patients presented with fever after a
COVID-19 vaccination.

Only five studies reported severe adverse effects (0.4-5.7%) of the
vaccination, which included thromboembolic events, uveitis,
myocarditis and pericarditis (17, 19-22); mortality was not
observed. Thirteen (0.23%-16.0%) studies reported disease flares
(12, 16-20, 23-29), and five of them analyzed possible risk factors
(16, 24, 26, 28, 29). Only one study indicated that the ChAdOx1
nCoV-19 vaccination may have posed a higher risk for disease flares
than the BNT162b2 mRNA vaccination (28). The other factors
examined in this study were all related to disease conditions or
patients’ demographic characteristics. Other studies all concluded
that the vaccination was safe (30-34) and didn’t increase the risk for
disease flare (35). Only two studies included patients with TAK, but
they did not provide a detailed description of their side effects or flares
(19, 36). Hence, the incidence of side effects and disease flares in
patients with TAK in this study were all within the range of those
reported in most of the studies on rheumatic diseases. Thus, there was
not any indication not to vaccine against COVID-19 for patients with
TAK and that doctors should be advised not to discourage their
patients with TAK.

Vaccinations take effect by stimulating the body to produce
antibodies; thus, it might affect immunoglobulin levels and other
immune functions. By analyzing multiple immune-related
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levels at disease activation

parameters before and after the vaccinations of 17 patients, we
observed decreases in IgA, IgM and a downward trend in IgG. As
shown in Supplementary Table S2, all the 17 patients were already on
immunosuppressive treatments including methotrexate, tocilizumab,
leflunomide, mycophenolate mofetil before vaccination. According to
current research (37), these agents could weaken the immunogenicity
of the vaccination. In addition, at the second estimation, 94.12%
patients were in stable status. All these factors might affect the
production of immunoglobulins at the second estimation (after
vaccination). Furthermore, since specific IgG antibodies against
SARS-CoV-2 were not detected in the present study, further
investigation is needed to determine whether decreases in these
immunoglobulins are related to COVID-19 vaccinations.

Whether COVID-19 vaccination might affect patients’” signs and
symptoms and inflammatory or immune parameters at disease onset
was also analyzed. By comparing clinical characteristics at disease
onset between patients with and without prior COVID-19 vaccination
during the same period, we found that patients with prior
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vaccinations had a higher CD19" B cell percentage, which indicates
a positive effect of the vaccination on patients’ B cells.

In addition, relatively lower levels of cytokines, such as IL-6, TNF-
o and IL-8 were found in patients with vaccination in contrast to the
patients without prior vaccination. The cytokines were all detected
before their treatments. As shown in Supplementary Table S3, the
unvaccinated patients complained of more ischemic or systemic
symptoms and active disease status compared with vaccinated
patients, which might indicate that unvaccinated patients had more
severe disease status at the onset. Thus, the cytokines detected in
vaccinated patients were lower compared to those unvaccinated, this
was also consistent with their ESR or CRP levels.

At last, the response rate was 64.95% in this study. According to
recently publised studies about COVID-19 vaccination survey in
Chinese population, the response rate varied largely from 23% to
77.4% (38-41). Thus, the response rate might differ due to disease
population, cohort types, etc. Our study has a fairly acceptable
response rate.
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TABLE 5 Clinical characteristics of the patients with new-onset or worsening of their symptoms after the vaccination.

Characteristic Patient 1 Patient 2 Patient 3  Patient4  Patient Patient 6 Patient 7 Patient
5 8
Age (years) 33 38 20 33 14 40 27 38
Gender (Female, F F F F F F F F
male)
Disease duration 14 years 4 years 1 months 8 months / 1 year / /
TAK diagnosis Before Before After After After After After After
before or after
vaccination
NIH score 2 2 3 2 2 2 2 3
New-onset or New-onset New-onset New-onset New-onset New-onset Worsened New-onset New-onset
worsening of
symptoms
Imaging type v 1IB I \% 1IB \% v \%
Treatment GCs 10 mg qd GCs 40 mg qd+MTX GCs 40 mg GCs 20 mg GCs 40 GCs 30 mg qd+MTX GCs 35 mg qd+ GCs 40
+LEF 10 mg 15 mg qweek qd +MTX qd and mg qd+ 15 mg qweek MTX 15 mg mg qd+
bid +Secukinumab 150 15 mg AZA 25 mg MTX 15 +Secukinumab 150 qweek+ADA 40 MTX 15
+Tofacitinib mg qweek qweek qd qweek mg qweek mg q2w qweek
Follow-up Improved Improved Improved Improved Improved Improved Improved Improved

TAK, Takayasu’s arteritis; NIH, National Institutes of Health; qd, daily; bid, twice a day; qweek, every week; q2weeks, every 2 weeks.
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The limitations of this study included several aspects. First, this
survey was retrospectively conducted, and the validations and
reliability of the questionnaire haven’t been determined; thus, the
results of this study needs to be validated in future research. Second,
whether COVID-19 vaccinations had a direct effect on patients’
disease flares require additional verification. Last, as the number of
patients with vaccinations was relatively small, including the patients
with follow up immune parameters, research on a larger number of
patients is warranted to confirm the results of this study.

In conclusion, the vaccination rate was low in TAK, which was
mainly caused by concerns about negative effects of vaccination on
their disease. An acceptable safety profile was observed in vaccinated
patients. The risk of disease flare associated with COVID-19

vaccination warrants further investigation.
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