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A B S T R A C T   

Objectives: Several studies suggested that coronavirus disease 2019 (COVID-19) vaccination may lead to uveitis, a 
vision-threatening condition often associated with a variety of autoimmune or autoinflammatory diseases. This 
study aims to explore factors that influence the risk of uveitis relapse after COVID-19 vaccination to guide the 
prevention of disease. 
Methods: Uveitis relapse was evidenced by worsening activity of intraocular inflammation (e.g. anterior chamber 
cells, vitreous haze) as defined by the Standardization of Uveitis Nomenclature Working Group. Time to uveitis 
relapse since the administration of each dose of COVID-19 vaccine was compared across participants with 
modifiable variables. 
Results: The primary analysis included 438 non-COVID-19 participants with 857 doses of COVID-19 vaccine 
administered in total. The median age was 41 years (interquartile range, 30 to 51), and 57.3% were female. A 
total of 39 episodes of uveitis relapse events occurred in 34 patients after the receipt of a dose of COVID-19 
vaccine within 30 days. The median time to relapse after vaccination was 5 days (interquartile range, 1 to 
14). Concomitant use of systemic glucocorticoids at the time of vaccination was independently associated with a 
decrease in risk of relapse after vaccination (HR, 0.23 [95% CI, 0.07–0.74]; P value = 0.014). There was a trend 
in attenuating the risk of relapse with increasing prednisone dose from none to less than 20 mg per day and then 
to 20 mg per day or greater (P value for trend = 0.029). 
Conclusions: Concomitant treatment with systemic glucocorticoids for uveitis at the time of COVID-19 vaccina
tion was associated with a dose-dependent lower risk of uveitis relapse after vaccination.   

1. Introduction 

Vaccines and boosters remain the best way to protect against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as well as its 
variants, the virus that causes coronavirus disease 2019 (COVID-19). 
While no major safety warnings were reported in initial clinical trials 
[1–4], the safety profile of COVID-19 vaccines was not fully defined 
because only healthy or medically stable adults were involved in earlier 
trials and the follow-up was limited. Emerging safety signals are 
increasingly being noted as additional people are vaccinated, especially 
in certain clinically vulnerable populations. 

Results of several case reports, case series or cohorts described the 
newly active or worsening uveitis after inoculation with various COVID- 
19 vaccines worldwide [5–11]. Uveitis is a vision-threatening inflam
matory condition, often associated with a variety of autoimmune or 

autoinflammatory diseases, such as ankylosing spondylitis, juvenile 
idiopathic arthritis, Behçet’s disease, inflammatory bowel disease, pso
riasis, systemic lupus erythematosus and sarcoidosis [12]. Although the 
causal link has not yet been confirmed, certain findings were consistent 
across these reports suggesting the close temporal association between 
COVID-19 vaccination and uveitis flares [8–10,13]. Nevertheless, uve
itis flares following COVID-19 vaccination appear to be an unusual 
event, which was estimated to occur merely in 0.9 cases per million 
doses or less varied by vaccine types [13]. The recurrence of uveitis is 
therefore likely to depend on multiple factors but not solely on vacci
nation itself. Whether certain populations can be identified as the most 
at-risk persons to guide the prevention of uveitis flares remains an ur
gent question. Here, we report this observational study to characterize 
the risk factors of uveitis relapse after COVID-19 vaccination among 
patients with a history of uveitis. 
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2. Methods 

2.1. Study design and population 

We conducted surveillance for uveitis flares occurring after COVID- 
19 vaccination at the First Affiliated Hospital of Chongqing Medical 
University, Chongqing, China between June 2021 and April 2022. This 
academic, university-affiliated hospital has established a specialized 
uveitis care center that managed 15,373 uveitis patient encounters as of 
2018 and could be qualified to carry out the sentinel surveillance [14]. 
We performed a retrospective analysis of historical clinical factors of 
patients to identify if some exposures were associated with the risk of 
uveitis flares after COVID-19 vaccination. Ethical approval for the study 
was obtained and written informed consent was waived by the Ethics 
Committee of the First Affiliated Hospital of Chongqing Medical Uni
versity. The rationale was that the study did not impact routine clinical 
care and that the study and data analysis were retrospective in nature 
with all protected health information de-identified. Thus, this study 
involved no more than minimal risk and the waiver would not adversely 
affect the rights or welfare of the participants. The study procedures 
were complied with the provisions of the Declaration of Helsinki. The 
funding agency had no role in study design, data collection, data anal
ysis, data interpretation or writing of the manuscript. The corresponding 
author had full access to all the data in the study and had final re
sponsibility for the decision to submit for publication. 

All patients who had a history of any forms of uveitis according to 
international criteria [15,16] and received at least one dose of 
COVID-19 vaccine were eligible to be enrolled as study participants. To 
preclude the effect of SARS-CoV-2 infection on uveitis, confirmed 
COVID-19 cases by the real-time reverse transcription polymerase chain 
reaction tests on nasopharyngeal and nasal swabs were not included in 
the study. During the study period, two inactivated SARS-CoV-2 vac
cines, CoronaVac (Sinovac) and BBIBP-CorV (Sinopharm), an adeno
virus vectored vaccine, Ad5-nCoV (CanSino), and a protein subunit 
vaccine, ZF2001 (Zhifei), were available for adults and children (aged 3 
years or older) under emergency use authorization in China [1–4]. Both 
CoronaVac (Sinovac) and BBIBP-CorV (Sinopharm) are the inactivated 
whole-virion vaccine prepared with SARS-CoV-2 strains inoculated in 
African green monkey kidney cells (Vero cells) [1,2]. ZF2001 (Zhifei) is 
a protein subunit vaccine with the tandem-repeat dimeric 
receptor-binding domain of the SARS-CoV-2 spike protein as the antigen 
[3]. Ad5-nCoV (CanSino) is an adenovirus vectored vaccine prepared 
with the replication-defective, human adenovirus type 5 as a vector 
expressing the S protein of SARS-CoV-2 [4]. 

In this study, the event of interest was uveitis relapse occurring after 
the administration of any dose of COVID-19 vaccine within 30 days. The 
30-day observation window was chosen based on published studies 
[8–10], beyond which the relapse was considered unlikely to be related 
to COVID-19 vaccination. We determined each participant’s status of 
having or not having uveitis relapse at enrollment and collected their 
vaccination history as well as other demographic and historical clinical 
factors. To examine the potential risk factors associated with uveitis 
relapse, we analyzed if some exposures, such as patient demographics 
and historical clinical factors, were associated with the time to uveitis 
relapse since the administration of each dose of COVID-19 vaccine. 
There were no missing data with regard to the relapse status of study 
participants. We defined that the event outcome did not occur if no 
relapse after vaccination was observed before day 30, or the adminis
tration of the next dose, or the study visit (whichever occurred earlier), 
and therefore, participants had their time-to-event data censored on that 
time point. The exposures of interest in this study included age, sex, 
duration of uveitis, uveitis anatomical classification, uveitis etiological 
classification (infectious or non-infectious), uveitis associated systemic 
diseases (e.g. Vogt-Koyanagi-Harada disease, Behçet disease, ankylosing 
spondylitis), number of relapses in the last year, time since the last 
relapse, medical history and comorbidities (hypertension, diabetes, 

obesity, malignancies, history of tuberculosis and antibiotic allergy), 
concomitant medication at the time of vaccination (systemic cortico
steroid or noncorticosteroid immunomodulatory therapies), and vaccine 
dose and type. All these variables were available among study partici
pants and were collected from predetermined standardized medical 
records. 

2.2. Study procedures and assessments 

Each participant was assessed for uveitis status through symptom 
tracking, history taking, and ophthalmic examination. Routine exami
nations included slit-lamp biomicroscopy, ophthalmoscopy, tonometry 
and measurements of visual acuity and refraction. Examinations of 
fundus photography, optical coherence tomography and fundus fluo
rescein angiography were carried out according to clinical needs. We 
retrieved historical medical records of each patient kept at the study site 
and performed a chart review. A uveitis relapse was evidenced by any 
worsening activity of intraocular inflammation (e.g. anterior chamber 
cells, vitreous haze) as defined by the Standardization of Uveitis 
Nomenclature (SUN) Working Group relative to the last visit condition 
[17]. COVID-19 vaccination status and history of patients were verified 
via access to the Health Code System in which per-dose vaccination 
information, including dates, sites and vaccine types, were documented 
as part of continuing public health surveillance of COVID-19 by the local 
health administrative sectors. Data on demographic characteristics, 
medical history, clinical management and treatments were collected by 
means of query of medical records at the study site. 

2.3. Statistical analysis 

Categorical data were expressed as numbers and percentages of the 
total group of participants. Continuous data were presented as medians 
and interquartile ranges (IQRs). The unit of primary analysis was by 
vaccine dose. We constructed a mixed-effects Cox regression model to 
analyze the time-to-event data per dose with accounting for the corre
lation of repeated measures on an individual [18]. Cox proportional 
hazards assumptions were not violated. In a multivariable model, hazard 
ratios (HRs) with 95% confidence intervals (CIs) for uveitis relapse were 
estimated by further adjusting for the variables of interest, including 
age, sex, dose and type of vaccines, and other variables with P value less 
than 0.2 in unadjusted analysis. We examined the linear trend by 
re-modeling factors as continuous variables. All statistical tests used 
were two-sided. No missing data were imputed, as the analysis included 
each person for whom the variables of interest were available. Statistical 
analysis was performed with R version 3.5.0 (R Foundation for Statis
tical Computing). 

3. Results 

3.1. Characteristics of study participants 

During the study period, a total of 506 consecutive uveitis patients 
who had received at least one dose of COVID-19 vaccine were identified. 
Of these, 68 patients were excluded from the analysis because they had 
unreliable or missing vaccination records that could not be verified 
through the Health Code System or because they had missing informa
tion on variables of interest. Thus, the primary analysis included 438 
participants with 857 doses of COVID-19 vaccine administered in total 
(Fig. 1). Among these participants, 78 (17.8%) had received one dose of 
vaccine, 301 (68.7%) had received two doses, and 59 (13.5%) had 
received three doses. Of 857 doses of vaccine administered, 436 (50.9%) 
were CoronaVac (Sinovac), 270 (31.5%) were BBIBP-CorV (Sinopharm), 
146 (17.0%) were ZF2001 (Zhifei), and 5 (0.6%) were Ad5-nCoV 
(CanSino). Inactivated SARS-CoV-2 vaccines accounted for the major
ity (82.4%) of the total doses. Of 857 doses of COVID-19 vaccine, 277 
were administered in patients who were concomitantly treated with 
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systemic glucocorticoids for uveitis at the time of vaccination, 252 were 
administered in those concomitantly treated with cyclosporine, 76 were 
administered in those concomitantly treated with chlorambucil, and 17 
were administered in those concomitantly treated with adalimumab. 
Demographic characteristics and vaccination status of the study popu
lation are summarized in Table 1. All participants were Chinese. The 
median age at the administration of the first dose of vaccine was 41 
years (interquartile range, 30 to 51). This vaccinated cohort included 13 
(3%) children or adolescents aged 16 years or younger and 29 (6.6%) 
adults aged 60 years or old. Female patients represented 57.3% of the 
cohort. 

3.2. Uveitis relapse after COVID-19 vaccination 

A total of 39 episodes of uveitis relapse events occurred in 34 patients 
after the receipt of a dose of COVID-19 vaccine within 30 days, among 
which 5 patients had a repeated event following each separate dose. 
There were 19 episodes of relapse after the first dose of vaccine, 17 
episodes after the second one, and 3 episodes after the third one (Fig. 1). 
The median time to uveitis relapse after vaccination was 5 days (inter
quartile range, 1 to 14). There seemed to be three peak periods for 
uveitis relapse: 1-to-3 days post vaccination, 7-to-9 days (about 1 week) 

post vaccination, and 13-to-15 days (about 2 weeks) post vaccination 
(Fig. 2). No events of relapse occurred anymore from day 16 to day 30 
since the administration of a dose of vaccine in the cohort. Of these 34 
patients with relapse, 15 (44.1%) had anterior uveitis, 8 (23.5%) had 
posterior uveitis, and 11 (32.4%) had panuveitis. We did not observe 
any evidence that the new event of uveitis was different from the pre
vious specific cause or diagnosis of uveitis entities for each patient. 
Classification of uveitis entities of these 34 cases according to the SUN 
Working Group criteria are provided in Supplementary Table S1. Idio
pathic or undifferentiated uveitis was the most common category 
(55.9%), followed by late-stage Vogt-Koyanagi-Harada disease (11.8%), 
spondyloarthritis/HLA-B27-associated anterior uveitis (8.8%), and 
Behçet disease uveitis (8.8%). Clinical manifestations of uveitis relapse 
disclosed by ophthalmic examinations are summarized in Supplemen
tary Table S2. Systemic glucocorticoids were primarily used for the 
treatment of uveitis flares after vaccination in 29 patients (85.3%), and 
dexamethasone intravitreal implant was initiated in one case (2.9%). 
Combined noncorticosteroid systemic immunomodulatory therapies 
included cyclosporine (61.8%), chlorambucil (11.8%) and adalimumab 
(11.8%) (Supplementary Table S3). 

3.3. Risk factors for uveitis relapse 

In a crude analysis, treatment with either systemic glucocorticoids 
(HR, 0.24 [95% CI, 0.09–0.69]; P = 0.008) or cyclosporine (HR, 0.36 
[95% CI, 0.14–0.93]; P = 0.034) at the time of COVID-19 vaccination 
was associated with a reduced risk of uveitis relapse after vaccination 
(Table 2). In addition, patients with a 3- to 5-year history of uveitis had a 
lower risk of uveitis relapse after COVID-19 vaccination as compared 
with those with a 2-year history or less (HR, 0.33 [95% CI, 0.12–0.90]; P 
= 0.031) (Table 2). Nevertheless, the relapse risk was not lower in those 
with a history of uveitis of 6 years or longer than that in those with a 2- 
year history or less (HR, 0.68 [95% CI, 0.31–1.46]; P = 0.320), which 
suggested that the duration of uveitis had no dose-response effect on the 
risk of relapse. No excess risk was detected for certain COVID-19 vaccine 
type or dose. P value less than 0.2 was yielded in unadjusted analysis for 
history of uveitis, time since the last relapse, use of systemic glucocor
ticoids and use of cyclosporine, all of which were entered into the 
multivariable model along with other variables of interest including age, 

Fig. 1. Investigation of Uveitis Relapse in Patients Who Had Received COVID- 
19 Vaccines. The complete inactivated SARS-CoV-2 vaccine schedules included 
three doses of CoronaVac (Sinovac) or three doses of BBIBP-CorV (Sinopharm). 
The complete protein subunit vaccine schedules included three doses of ZF2001 
(Zhifei). The complete adenovirus vectored vaccine schedule included one dose 
of Ad5-nCoV (CanSino). 

Table 1 
Demographic characteristics of individuals who had received COVID-19 
vaccines.  

Characteristics Overall One Dose Two Doses Three Doses 

No. of individuals 438 78 301 59 
Age, median (IQR), 

year 
41 (30–51) 33 

(24–49) 
42 (31–51) 45 (30–52) 

Age group, year, no. (%) 
0–16 13 (3.0) 7 (9.0) 6 (2.0) 0 (0.0) 
17–44 238 (54.3) 48 (61.5) 161 (53.5) 29 (49.2) 
45–59 158 (36.1) 18 (23.1) 114 (37.9) 26 (44.1) 
≥60 29 (6.6) 5 (6.4) 20 (6.6) 4 (6.8) 

Sex, no. (%) 
Female 251 (57.3) 42 (53.8) 178 (59.1) 31 (52.5) 
Male 187 (42.7) 36 (46.2) 123 (40.9) 28 (47.5) 

Specific vaccine, no./total doses (%)a 

CoronaVac 
(Sinovac) 

436/857 
(50.9) 

40/78 
(51.3) 

372/602 
(61.8) 

24/177 
(13.6) 

BBIBP-CorV 
(Sinopharm) 

270/857 
(31.5) 

30/78 
(38.5) 

198/602 
(32.9) 

42/177 
(23.7) 

ZF2001 (Zhifei) 146/857 
(17.0) 

3/78 (3.8) 32/602 
(5.3) 

111/177 
(62.7) 

Ad5-nCoV 
(CanSino) 

5/857 (0.6) 5/78 (6.4) 0/602 (0.0) 0/177 (0.0) 

Abbreviation: IQR, interquartile range. 
a CoronaVac (Sinovac) and BBIBP-CorV (Sinopharm) were inactivated SARS- 

CoV-2 vaccines. Ad5-nCoV (CanSino) was the adenovirus vectored vaccine. 
ZF2001 (Zhifei) was the protein subunit vaccine. 
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sex, dose and type of vaccines. In the multivariable-adjusted analysis, 
only concomitant use of systemic glucocorticoids at the time of vacci
nation was independently associated with a decrease in risk of relapse 
after vaccination (adjusted HR, 0.23 [95% CI, 0.07–0.74]; P = 0.014) 
(Table 2). After multivariable adjustment, the hazard ratios for relapse 
did not differ evidently between cyclosporine users and nonusers 
(Table 2). Among 857 doses of observations in this cohort, combination 
treatment with cyclosporine and systemic glucocorticoids at the time of 
vaccination had accounted for 89.7% of that with cyclosporine. An 
unadjusted subgroup analysis limited to glucocorticoid nonusers did not 
show that cyclosporine monotherapy was associated with the risk of 
uveitis relapse (HR, 0.62 [95% CI, 0.08–4.65]; P = 0.642). Therefore, 
the observed relationship between cyclosporine use and relapse risk in 
the prior crude analysis was biased towards the confounding effect of the 
use of systemic glucocorticoids. No other variables of interest were 
shown to be associated with the risk of uveitis relapse after COVID-19 
vaccination. 

3.4. Effect of glucocorticoid dose 

The inverse relationship between the use of systemic glucocorticoids 
at the time of vaccination and the risk of uveitis relapse after vaccination 
appeared to be dose-dependent (Fig. 3). Each observation was catego
rized as no glucocorticoid use, use of less than 20 mg per day, or use of 
20 mg per day or greater, according to the dose of systemic glucocor
ticoids (the equivalent dose of prednisone) that had been stable for at 
least one week prior to each COVID-19 vaccine. After adjusting for age, 
sex, dose of vaccines, vaccine type, history of uveitis, time since the last 
relapse, and use of cyclosporine, the relapse risk was lower with pred
nisone use of less than 20 mg per day than with no use of glucocorticoids 
(adjusted HR, 0.29 [95% CI, 0.09–0.98]; P = 0.047). A much lower risk 
was observed for use of 20 mg per day or greater, although with a wider 
confidence interval (adjusted HR, 0.13 [95% CI, 0.01–1.18]; P = 0.070). 
There was a trend in attenuating the risk of relapse with prednisone use 
from none to less than 20 mg per day and then to 20 mg per day or 
greater (adjusted common HR per level increase, 0.34 [95% CI, 
0.13–0.89]; P value for trend = 0.029) (Fig. 3A). When the analysis was 
restricted to the observation on events after the first exposure to vaccine, 
a consistent trend for a shift in the direction of lower relapse risk was 
observed with increasing dose of prednisone use, although the analysis 

based on a subset of observations was not powered for estimates with 
narrow confidence intervals (Fig. 3B). 

4. Discussion 

In this surveillance study involving uveitis patients without prior 
SARS-CoV-2 infection, a decreased risk of uveitis relapse after COVID-19 
vaccination was detected with concomitant use of systemic glucocorti
coids at the time of vaccine administration. The protective effect of 
systemic glucocorticoids appeared to be dose-dependent, with greater 
extent of glucocorticoid use being associated with lower incidence of 
uveitis relapse. Our study showed some extent of the benefits of systemic 
glucocorticoid retention in patients with uveitis at the time of COVID-19 
vaccination. 

Findings of this study extend our understanding of the possible as
sociation between COVID-19 vaccination and onset of uveitis flares 
[8–11], particularly with regard to potential host factors that could 
modify the relationship. The precise mechanism of vaccine-associated 
uveitis remains unclear in most patients but is recognized to be closely 
linked to overactive host immune responses or inflammatory processes 
that may similarly occur in the development of autoimmune or auto
inflammatory conditions [19,20]. Our study provides some evidence 
showing that therapeutic corticosteroid immunosuppression may mod
erate the hyperreactivity to COVID-19 vaccines. This notion was in line 
with the finding of a latest systematic review that showed a diminished 
immunogenicity and reactogenicity of COVID-19 vaccines in immuno
compromised populations, especially with the use of corticosteroids 
[21]. In addition, several reports indicated that uveitis post COVID-19 
vaccination was adequately controlled and responded quickly to the 
corticosteroid therapy [8,22–24], suggesting that the underlying 
mechanistic link to the development of uveitis flares would be blocked 
and corrected in part by glucocorticoids. The inverse association be
tween glucocorticoid use at the time of vaccination and risk of uveitis 
relapse after vaccination was further supported by the dose-response 
relationship we observed in this study. 

Our study provides evidence supporting the benefits of systemic 
glucocorticoid retention in patients with uveitis at the time of COVID-19 
vaccination. Some studies raised concerns about the glucocorticoid use 
during the COVID-19 pandemic: glucocorticoid treatment for non- 
infectious uveitis imposed an increased risk of COVID-19 infection, 

Fig. 2. Time to onset of uveitis relapse after COVID-19 vaccination. Histograms indicate the frequency of episodes of uveitis relapse after the administration of any 
dose of COVID-19 vaccine or after the administration of certain dose of COVID-19 vaccine, as indicated. 
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hospitalization and in-hospital death [25,26]. Nevertheless, these 
studies were limited to an observation period in 2020, during which the 
study population was not widely vaccinated [25,26]. Current circum
stance and clinical practice have varied due to differences in pathoge
nicity, transmission capacity and immune-escape potency of the 
prevalent SARS-CoV-2 variants, such as omicron BA.1/1.1 variant [27]. 
Despite a lower vaccine-induced immunogenicity under immunosup
pression [28,29], real-world, population-based data provided reassuring 
results that vaccines remained effective in the prevention of COVID-19 
in immunocompromised individuals who were taking glucocorticoids 
and disease-modifying antirheumatic drugs [30]. In addition, a recent 
observation suggested that short-term treatment with low-dose 

corticosteroids in the peri-vaccination period decreased the side effects 
of an adenovirus-vectored vaccine (ChAdOx1 nCoV-19), which was not 
accompanied by discernible abrogation of vaccine-elicited serologic 
antibody response [31]. This finding is noteworthy because it represents 
the possibility of balancing efficacy and safety of COVID-19 vaccines in 
certain clinically vulnerable populations by properly incorporating 
glucocorticoid therapy. Further research is warranted to broadly eval
uate the benefits versus risks of glucocorticoid use for patients with 
uveitis at the time of vaccination, especially in the current era of 
widespread COVID-19 vaccination and booster shots. 

One of main strengths of our study is the chosen of study population 
in China who had never been exposed to SARS-CoV-2 infection. Several 

Table 2 
Hazard ratios for uveitis relapse after COVID-19 vaccination.  

Variable No. of Events Total Dosea Unadjusted Analyses Multivariable-Adjusted Analysesb 

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value 

Entire cohort 39 857 – – – – 
Age, year 

0–16 1 19 1.03 (0.16–6.80) 0.978 1.56 (0.26–9.51) 0.631 
17–44 24 457 1 [Reference] – 1 [Reference] – 
45–59 13 324 0.76 (0.36–1.59) 0.458 0.80 (0.38–1.69) 0.552 
≥60 1 57 0.32 (0.04–2.39) 0.269 0.43 (0.06–3.05) 0.396 

Male Sex 15 366 0.83 (0.41–1.68)c 0.607 0.84 (0.40–1.78)c 0.654 
Dose of vaccines 

First 19 438 1 [Reference] – 1 [Reference] – 
Second 17 360 1.10 (0.62–1.97) 0.741 1.01 (0.56–1.84) 0.971 
Third 3 59 1.19 (0.35–4.01) 0.780 0.94 (0.27–3.24) 0.919 

Vaccine typed 

Inactivated SARS-CoV-2 vaccine 29 706 1 [Reference] – 1 [Reference] – 
Protein subunit vaccine 10 146 1.64 (0.75–3.57) 0.215 1.57 (0.68–3.61) 0.287 
Adenovirus vectored vaccine 0 5 Not estimatede – Not estimatede – 

History of uveitis, year 
0–2 20 310 1 [Reference] – 1 [Reference] – 
3–5 5 231 0.33 (0.12–0.90) 0.031 0.37 (0.13–1.08) 0.068 
≥6 14 316 0.68 (0.31–1.46) 0.320 0.66 (0.28–1.55) 0.338 

No. of relapses in the last year 
0 14 359 1 [Reference] – – – 
1 13 298 1.13 (0.55–2.33) 0.746 – – 
≥2 12 200 1.58 (0.64–3.87) 0.321 – – 

Time since the last relapse, month 
0–2 16 249 1 [Reference] – 1 [Reference] – 
3–6 5 144 0.54 (0.20–1.45) 0.224 0.62 (0.21–1.84) 0.389 
7–12 4 105 0.58 (0.20–1.68) 0.314 0.80 (0.26–2.41) 0.689 
>12 14 359 0.60 (0.28–1.25) 0.172 0.50 (0.23–1.11) 0.089 

Anatomical classification 
Intermediate, posterior or panuveitis 23 499 1 [Reference] – – – 
Anterior uveitis 16 358 0.96 (0.48–1.94) 0.912 – – 

Infectious uveitis 4 63 1.46 (0.42–5.07)c 0.556 – – 
Uveitis associated systemic diseases 

Vogt-Koyanagi-Harada disease 4 83 1.06 (0.37–3.03)c 0.909 – – 
Behçet disease 2 49 0.93 (0.21–4.02)c 0.920 – – 
Ankylosing spondylitis 0 21 Not estimatede – – – 

Self-reported history and comorbidities 
Hypertension 4 88 1.04 (0.30–3.64)c 0.954 – – 
Diabetes 1 34 0.61 (0.08–4.47)c 0.623 – – 
Obesity 2 25 1.81 (0.47–6.97)c 0.390 – – 
Malignancies 1 10 2.54 (0.29–22.03)c 0.396 – – 
History of tuberculosis 1 30 0.70 (0.09–5.32)c 0.730 – – 
History of antibiotic allergyf 3 57 1.21 (0.27–5.48)c 0.808 – – 

Concomitant medication at the time of vaccination 
Systemic glucocorticoids 4 277 0.24 (0.09–0.69)c 0.008 0.23 (0.07–0.74) 0.014 
Cyclosporine 5 252 0.36 (0.14–0.93)c 0.034 1.34 (0.42–4.30) 0.625 
Chlorambucil 0 76 Not estimatede – – – 
Adalimumab 0 17 Not estimatede – – –  

a The unit of analysis was by vaccine dose. A mixed-effects Cox regression model was used to account for the correlation of repeated measures on an individual. 
b Variables included in the multivariable-adjusted analyses were age, sex, dose of vaccines, vaccine type, history of uveitis, time since the last relapse, use of systemic 

glucocorticoids, and use of cyclosporine. 
c The reference for the hazard ratio is the absence of the corresponding risk factor. 
d The inactivated SARS-CoV-2 vaccines included CoronaVac (Sinovac) and BBIBP-CorV (Sinopharm). The adenovirus vectored vaccine was Ad5-nCoV (CanSino). 

The protein subunit vaccine was ZF2001 (Zhifei). 
e Data were not estimated because the precise estimates could not be obtained when no events occurred in the group. 
f Allergy to antibiotics included penicillin reported from 17 patients, sulfamycin from 7 patients, cephalosporin from 6 patients, levofloxacin from 1 patient, and 

terramycin from 1 patient in this study. 
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studies reported the onset of intraocular inflammation temporally 
associated with SARS-CoV-2 infection in adults and children [32–34]. 
Complete exclusion of study participants from natural exposure to 
SARS-CoV-2 infection eliminates such potential confounding in the 
analysis. In addition, uveitis relapse cases and relapse-free controls were 
consecutively enrolled in parallel during a contemporaneous study 
period, ensuring that they were comparable in backgrounds especially 
with respect to the way their COVID-19 vaccines were supplied and 
administered. Furthermore, information on each dose of COVID-19 
vaccine has been verified in line with electronic vaccination adminis
trative system, which prevents misclassification in determining vaccine 
exposure. To minimize the potential for confounding bias, we included a 
variety of covariables for adjustment in the multivariable analysis, 
particularly accounting for the primary noncorticosteroid immuno
modulatory agent that was concomitantly used. 

There are several limitations to our study. First, we notice that 
inactivated SARS-CoV-2 vaccines made up 82.4% of those administered. 
The vaccine availability and vaccination strategies in China may differ 
from those in other parts of the world. Whether our results are gener
alizable to a broader population, especially mRNA COVID-19 vaccine 
recipients, requires further validation. Second, similar to other studies of 
observational nature [9,11], we did not provide definitive proof for the 
cause-and-effect relationship between COVID-19 vaccination and uve
itis flares. Our study only focused on observing one specific event 
(uveitis relapse) that occurred temporally later than exposure to 
COVID-19 vaccines. To consolidate such a link, we limited our obser
vation within the 30-day window after COVID-19 vaccination, which 
would possibly avoid the misdetection of relapse events caused by other 
potential factors unrelated to vaccination. Third, due to a rare incidence 
of relapse episodes, this hypothesis-generating study may not be statis
tically powered to examine a number of risk factors, especially those 
with a smaller effect size in association. The susceptibility factor 

identified so far could only account for a limited proportion of variance 
in the relapse risk. Our data underscore the need to consider a larger 
targeted number of expected events in the design of future studies. 
Fourth, to accrue more events of interest, the sentinel surveillance was 
conducted in a specialized uveitis care center and was not a 
population-based study. Therefore, the overall rate of uveitis relapse in 
this study seems higher than what has been previously reported [13]. 
We recognize that interpretation of our study may be limited by po
tential selection bias and that further validation in population-based 
cohorts is needed. Fifth, data were not available concerning the prog
nosis of patients after the treatment of uveitis relapse. Further studies on 
the prognosis are warranted to estimate the burden of uveitis relapse 
after COVID-19 vaccination. 

In conclusion, this observational study suggested that concomitant 
treatment with systemic glucocorticoids for uveitis at the time of COVID- 
19 vaccination was associated with a dose-dependent lower risk of 
uveitis relapse after vaccination. 
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Fig. 3. Glucocorticoid Dose and Risk of Uveitis Relapse after COVID-19 Vaccination. Glucocorticoid use was defined as concomitant systemic treatment at the time of 
administration of each COVID-19 vaccine on a dose that had been stable for at least a week. Data are expressed as the equivalent doses of prednisone. Hazard ratios 
for uveitis relapse after any dose (A) or the first dose (B) were adjusted for age, sex, dose of vaccines, vaccine type, history of uveitis, time since the last relapse, and 
use of cyclosporine. The mixed-effects Cox regression model was used to account for the correlation of repeated measures on an individual, if necessary. 
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