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Abstract

Objective and design

Limited information is available on the impact of SARS-CoV-2 infection in psoriasis patients, and we aim to identify clinical factors
associated with the prognosis of psoriasis following SARS-CoV-2 infection.

Subjects and methods

A retrospective, multicenter study was conducted between March and May 2023. Univariable and multivariable logistic regression
analysis were employed to identify factors associated with COVID-19-related psoriasis outcomes. A total of 2371 psoriasis
patients from 12 clinical centers were included in the study, with 2049 of them being infected with COVID-19.

Results

Among the infected group, individuals treated with biologics exhibited lower exacerbation rates compared to those receiving
traditional systemic or non-systemic treatments (26.7% vs.39.8% vs.37.5%, P<0.001). Multivariable logistic regression analysis
revealed that psoriasis progression with lesions (adjusted odds ratio[OR]=8.197, 95% confidence interval[Cl]=5.685-11.820,
compared to no lesions), hypertension (adjusted OR=1.582, 95%Cl=1.068-2.343), traditional systemic (adjusted OR=1.887,
95%Cl=1.263-2.818), and non-systemic treatment (adjusted OR=1.602, 95%CI=1.117-2.297) were associated with exacerbation of
psoriasis after SARS-CoV-2 infection but not biologics (adjusted OR=0.931, 95%CI =0.680-1.274, compared to no treatment).

Conclusions

Biologics may reduce the risk of psoriasis exacerbation after SARS-CoV-2 infection, compared to traditional systemic and non-
systemic treatments. The presence of existing psoriatic lesions and hypertension have been identified as significant risk factors
for exacerbation after infection.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has posed significant challenges to global public health worldwide [1, 2]. In December 2022, the Chinese Government officially
announced the transition of China's dynamic zero SARS-CoV-2 infection policy towards reopening [3]. However, this move was met
with a substantial surge in COVID-19 cases in China in the subsequent period, primarily driven by the highly transmissible omicron
variant with an average basic reproduction number of 9.5[4]. Amidst this surge, certain populations face elevated risks of
contracting SARS-CoV-2,

Patients with immune-mediated inflammatory diseases are at a higher risk of contracting SARS-CoV-2 compared to the general
population, as evidenced by research studies [5]. Thus, the COVID-19 pandemic poses concerns for individuals with psoriasis, a
chronic immune-mediated inflammatory skin disease that affects more than 125 million people worldwide [6]. The pathogenesis of
psoriasis is believed to be primarily driven by overactivation of the adaptive immune system [7]. Many patients require
immunosuppressive therapy to control disease activity, but this treatment may increase the susceptibility to SARS-CoV-2 infection,
impair antiviral immunity, and exacerbate COVID-19 clinical [5]. Additionally, infection is a major contributing factor to the
exacerbation of psoriasis [8], and researches has demonstrated that SARS-CoV-2 infection can act as an allergen and induce skin
[9, 10]. This suggests that SARS-CoV-2 may indirectly exacerbate symptoms of psoriasis.

Previous studies have primarily focused on the COVID-19 related symptoms and outcomes in patients with psoriasis or other
immune system diseases [11-15]. However, limited information is available on the specific impact of SARS-CoV-2 infection on
psoriasis patients undergoing different treatment types (including biologics or other systemic agents) in the context of COVID-19
epidemic. Therefore, the objective of this retrospective, multicenter study was to describe the clinical characteristics and outcomes
of psoriasis patients with COVID-19 in a large cohort. Additionally, we aimed to investigate the impact of SARS-CoV-2 infection on
psoriasis patients receiving different treatments while identifying risk factors associated with exacerbation of psoriasis following
SARS-CoV-2 infection.
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Methods
Participants and study design

The psoriasis patients were recruited from the registries of 12 specialized treatment centers for psoriasis, based on inclusion
criteria that encompassed all ages and sexes, a confirmed diagnosis of psoriasis (including psoriasis vulgaris, arthritic psoriasis,
pustular psoriasis, and erythrodermic psoriasis) by a dermatologist, as well as having visited one of these centers' outpatient
clinics within the past year. Patients or their family members could independently complete follow-up information surveys
(questionnaires, telephone interviews, etc.) and ensure data authenticity. Exclusion criteria included any conditions deemed
inappropriate by the investigator for this research project. Finally, a total of 2371 patients were included in the final analysis after
applying exclusion criteria, accounting for missing data and refusal to participate during the COVID-19 period.

The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki for Medical Research
Involving Human Subjects. Approval for this study (Reference number: KY-20232073-F-2) was granted by the Clinical Research
Ethics Committee of the participating centers. And the protocol of this study was reviewed and approved by independent ethics
committees at each study site, and all patients provided oral informed consent. The trial is registered on ClinicalTrials.gov
(Identifier: NCT05961605).

Data collection

The demographic and clinical information were extracted from psoriasis registration platform. SARS-CoV-2 infection condition,
status of psoriasis (in progressive or no progressive), treatments of psoriasis (biologics [TNF inhibitors: adalimumab, etanercept,
infliximab; IL-17 inhibitors: ixekizumab, secukinumab; IL12/IL-23p40 or IL-23p19 inhibitors: guselkumab, ustekinumab], traditional
systemic therapy [methotrexate, cyclosporine, acitretin, Chinese herbal medicine], non-systemic therapy [topical medications,
phototherapy, Chinese herbal medicine bath], as well as cases with no treatment) were collected by telephone follow-up and
questionnaire between March and May 2023 (following the initial surge of SARS-CoV-2 infection in China). During follow-up, if a
SARS-CoV-2 infection is present, additional clinical information regarding symptoms, treatment, and outcomes of COVID-19 would
be obtained. Furthermore, we collected the change of psoriasis condition (exacerbation or remission/no change) following SARS-
CoV-2 infection.

Definition of SARS-CoV-2 infection and exacerbation of psoriasis: owing to limited availability of PCR and antigen testing supplies
in the initial surge of SARS-CoV-2 infection, individuals displaying evident symptoms of COVID-19 or residing with confirmed SARS-
CoV-2 positive cases through PCR or antigen testing were strongly suspected to be infected with the SARS-CoV-2. Consequently,
we incorporated these highly suspected cases into our cohort analysis for SARS-CoV-2 infections. Exacerbation of psoriasis was
defined as the following criteria[16]: increased involvement of body surface area, and patient-reported worsening. Those who did
not have the above manifestations were classified into remission/no change.

Statistical analysis

Continuous variables are reported as mean with standard deviation (SD) or median with interquartile range (IQR), while categorical
variables are presented as number with percentage. We performed the univariate analysis of all clinical features and features with
P<0.2 or with clinically significant were selected into multivariate analysis. The linearity assumption of independent variables and
logit transformation of the dependent variable was evaluated through Box-Tidwell test, while multicollinearity was assessed using
variance inflation factors (less than 10). Significance levels were taken as two-sided 0.05. Analyses were conducted using SPSS
(version 27, IBM, Armonk, NY, U.S.A).

Results

Baseline characteristics of psoriasis patients with or without COVID-19
infection

A total of 2,371 psoriasis patients were included in this study, and their clinical and demographic characteristics are presented in
Table 1. Among them, the rate of COVID-19 infection was 86.4% (2,049 cases). The infected and uninfected groups exhibited a
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similar distribution of sex (female, 35.2% vs. 35.1%, P=0.974) and duration of psoriasis (11.1 vs. 11.1 years, P=0.039), with the
COVID-19 infected group showing a slightly lower mean age than the uninfected group (41.5 vs. 44.5 years, P<0.001). In addition,
there was no significant difference in the types of psoriasis and rates of comorbidity between the two groups. Interestingly, in
terms of treatment modalities for psoriasis, the proportion of biologics was significantly higher in infected group than in uninfected
group (51.6% vs. 25.2%, P<0.001) (Table 1). The patients' other comorbidities and treatment modalities for psoriasis are showed
in Table 1.

Page 5/14



Table 1

Baseline characteristics of psoriasis patients with or without COVID-19

All patients

(n=2371)
Gender/Female, no. (%) 834
Age/ year, mean (SD) 41.9
Duration of psoriasis/ year, mean (SD) 11.1
Type of psoriasis, no. (%)
Psoriasis vulgaris 2201
Arthritic psoriasis 114
Erythrodermic psoriasis 30
Pustular psoriasis 26
Comorbiditiy, no. (%)
Hypertension 203
Diabetes 122
Hyperlipidemia/Fatty liver 74
Obesity 61
Cardiovascular disease 38
Hyperuricemia 29
Malignant tumor 9
Others 44
Psoriasis treatment modalities, no. (%)
Biologics 1139
TNF-a inhibitors 82
IL-17 inhibitors 891
IL-12/23 inhibitors 166
Traditional systemic therapy 253
Non-systemic therapy 394
No treatment 585

Data are presented as mean (SD) and n (%).

35.2%
14.6
9.7

92.8%
4.8%
1.3%

1.1%

8.6%
51%
3.1%
2.6%
1.6%
1.2%
0.4%
1.9%

48.0%
7.2%

78.2%
14.6%
10.7%
16.6%
24.7%

Infected group

(n =2049)
721

41.5

11.1

1900
102
27
20

180
104
69
53
33
28

39

1058
73
839
146
231
373
387

35.2%
14.4
9.6

92.7%
5.0%
1.3%
1.0%

8.8%
5.1%
3.4%
2.6%
1.6%
1.4%
0.4%
1.9%

51.6%
6.9%

79.3%
13.8%
11.3%
18.2%
18.9%

Non-systemic therapy: topical medications, phototherapy, Chinese herbal medicine bath.

Uninfected group
(n=322)

113 35.1%
44.6 16.1
11.1 10.3
301 93.5%
12 3.7%
3 0.9%
6 1.9%
23 71%
18 5.6%
5 1.6%
8 2.5%
5 1.6%
1 0.3%
0 0.0%
5 1.6%
81 25.2%
9 11.1%
52 64.2%
20 24.7%
22 6.8%
21 6.5%
198 61.5%

Traditional systemic therapy: methotrexate, cyclosporine, acitretin, Chinese herbal medicine.

Pvalue

0.974
0.001
0.039

0.355

0.328
0.698
0.082
0.914
0.939
0.109
0.233
0.665

¥0.001

Biologics: TNF inhibitors, IL-17A inhibitors, IL12/23 inhibitors; TNF-a inhibitors: etanercept, infliximab, and adalimumab; IL-17A
inhibitors: secukinumab and ixekizumab; IL-12/23 inhibitors: ustekinumab and guselkumab.

The impact of SARS-CoV-2 infection on psoriasis patients receiving

different treatments

Firstly, we categorized COVID-19 patients based on their pre-infection psoriasis treatment into four groups and conducted a
comparative analysis of their clinical characteristics. Among all infected patients, the biologic group had the highest proportion
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(1058, 51.6%), followed by those who received no treatment (387, 18.9%), non-systemic therapy (373, 18.2%), and traditional
systemic therapy (231, 11.3%) prior to being diagnosed with COVID-19(Table 2). The status of psoriatic lesions in patients prior to
SARS-CoV-2 infection varied among different group, we observed a higher proportion of psoriasis with progression among those
receiving traditional systemic (38, 16.5%) and non-systemic therapies (74, 19.8%) compared to the biologics group (130, 12.3%).

Table 2
The impact of SARS-CoV-2 infection on patients receiving different treatment modalities of psoriasis

Data are presented as mean (SD) and n (%).

Infected Biologics Traditional Non-systemic  No treatment P
group therapy value
(n=1058) systemic (n=387)
(n=2049) therapy (n=373)
(n=231)

Gender/Female, no. (%) 721 35.2% 355 33.6% 82 35.5% 134 359% 150 38.8% 0.320
Age/year, mean (SD) 41.5 14.4 418 13.8 428 15.8 419 153 39.6 139 0.025
Duration of psoriasis/ year, 11.1 9.6 109 8.9 10.6  10.1 11.6 10.8 11.5 10.0 0.446
mean (SD)
Types of psoriasis, no. (%)
Psoriasis vulgaris 1900 92.7% 971 91.8% 216 93.5% 346 928% 367 94.8% 0.006
Psoriatic arthritis 102 5.0% 68 6.4% 9 3.9% 17 4.6% 8 2.1%
Erythrodermic psoriasis 27 1.3% 14 1.3% 1 0.4% 7 1.9% 5 1.3%
Pustular psoriasis 20 1.0% 5 0.5% 5 2.2% 3 0.8% 7 1.8%
Disease activity status prior to COVID-19 diagnosis, no. (%)
No skin lesions 551 26.9% 302 285% 28 121% 34 9.1% 187  48.3% K0.001
With lesions, no progression 1224 59.7% 626 59.2% 165 71.4% 265 71.0% 168 43.4%
With lesions, with progression 274 13.4% 130 12.3% 38 16.5% 74 19.8% 32 8.3%
COVID-19 treatment modalities, no. (%)
Antivirals drugs 1271  62.0% 696 65.8% 142  61.5% 255 68.4% 178 46.0% [0.001
Chinese herbal medicine 642 31.3% 365 345% 72 31.2% 126 338% 79 20.4%  10.001
Antibiotics 183 8.9% 139 13.1% 6 2.6% 22 5.9% 16 41% ¥0.001
Hospitalization 52 2.5% 31 2.9% 6 2.6% 13 3.5% 2 0.5% 0.038
Azulfidine/Paxlovid/Baricitinib 35 1.7% 20 1.9% 5 2.2% 7 1.9% 3 0.8% 0.464
Psoriasis outcomes after SARS-CoV-2 infection, no. (%)
Exacerbation 547 26.7% 236 223% 92 39.8% 140 37.5% 79 20.4%  10.001
No change/remission 1502 73.3% 822 77.7% 139 60.2% 233 62.5% 308 79.6%

Regarding clinical outcomes on COVID-19, no fatalities were observed among the patients. Out of all patients, 35 received COVID-

19-related medications (including Azulfidine, Paxlovid, and Baricitinib), while 52 patients were hospitalized due to serious

comorbidities. Most patients presented with mild to moderate symptoms and received treatments, including antiviral agents (1271,
62.0%), Chinese herbal medicines (642, 31.3%), and antibiotics (183, 8.9%). Notably, antiviral drugs were the most frequently
utilized among the four groups (ranging from 40.6-68.4%), while the biologics group had a higher percentage of antibiotic use
(13.1% vs. 2.6% vs. 5.9% vs. 4.1%) than other groups. The impact of COVID-19 infection on psoriasis outcomes varied among four
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treatment groups. Patients receiving traditional systemic therapy (92, 39.8%) had the highest proportion of exacerbation, followed
by those receiving non-systemic therapy (140, 37.5%), biologics (236, 22.3%), and no treatment (79, 20.4%) (Table 2).

Clinical characteristics of psoriasis patients with different outcomes of
lesions following SARS-CoV-2 infection

Subsequently, we compared the clinical characteristics between two groups of psoriasis outcomes based on exacerbation or no
change/remission after SARS-CoV-2 infection (Table 3). The prevalence of most comorbidities was higher in the exacerbation
group than in the no change/remission group, including hypertension (11.0% vs. 8.0%, P=0.035) and hyperlipidemia/fatty liver
(5.3% vs. 2.7%, P=0.003). A higher proportion of patients in the exacerbation group (164, 30%) had progression psoriasis status
prior to COVID-19 infection compared to the no change/remission group (110, 7.3%) (Table 3). The proportion of treatment
modalities for COVID-19 were significantly higher in the exacerbation group compared to the no change/remission group, such as
antipyretic drugs (66.2% vs. 60.5%, P=0.020) and Chinese herbal medicine (37.3% vs. 29.2%, P<0.001) (Table 3). In terms of
COVID-19 symptoms, most COVID-19 symptoms such as fever (84.5% vs. 77.8%, P< 0.001), fatigue (29.3% vs. 18.8%, P<0.001)
and cough (50.8% vs. 40.9%, P< 0.001) were more prevalent in exacerbation group than in no change/remission group (Table 3).
For psoriasis treatment modalities, biologics were further categorized into TNF-q, IL-17, and IL-12/23 inhibitors based on their
different targets. The TNF-a inhibitors group exhibited a higher incidence of psoriasis exacerbation compared to the other two
groups (37.0% vs. 21.1% vs. 21.9%) (Table 3).
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Table 3

Clinical characteristics of different psoriasis outcome after SARS-CoV-2 infection

Exacerbation

(n=547)
Gender/Female, no. (%) 195 27.0%
Age/year, mean (SD) 40.6 14.7
Duration of psoriasis/ year, mean (SD) 11.6 10.8
Comorbidities, no. (%)
Hypertension 60 11.0%
Hyperlipidemia/Fatty liver 29 5.3%
Diabetes 20 3.7%
Obesity 16 2.9%
Hyperuricemia 11 2.0%
Cardiovascular disease 10 1.8%
Malignant tumor 2 0.4%
Other 17 3.1%

Disease activity status prior to COVID-19 diagnosis, no. (%)

No skin lesions 80
No progression 303
With progression 164

COVID-19 treatment modalities, no. (%)

Antipyretic drugs 362
Chinese herbal medicine 204
Antibiotics 54
Hospitalization 16
Azulfidine/Paxlovid/Baricitinib 11

Common COVID-19 symptoms, no. (%)

Fever 462
Cough 278
Muscle aches and pains 246
Sore throat 207
Weakness 160
Runny nose 88

Decreased sense of taste 64

Data are presented as mean (SD), and n (%).

14.6%
55.4%
30.0%

66.2%
37.3%
9.9%
2.9%
2.0%

84.5%
50.8%
45.0%
37.8%
29.3%
16.1%
11.7%

No change/remission
(n=1502)

526
41.9
11.0

120
40
80
37
17
23

22

471
921
110

909
438
129
36
24

1168
615
485
490
283
157
132

73.0%
14.2
9.2

8.0%
2.7%
5.3%
2.5%
1.1%
1.5%
0.5%
1.5%

31.4%
61.3%
7.3%

60.5%
29.2%
8.6%
2.4%
1.6%

77.8%
40.9%
32.3%
32.6%
18.8%
10.5%
8.8%

Pvalue

0.792
0.075
0.194

0.035
0.003
0.392
0.560
0.129
0.637
0.761
0.016

0.001

0.020
0.001
0.367
0.501
0.523

0.001
<0.001
<0.001
0.028
<0.001
<0.001
0.048

TNF-a inhibitors: etanercept, infliximab, and adalimumab; IL-17A inhibitors: secukinumab and ixekizumab; IL-12/23 inhibitors:

ustekinumab and guselkumab.
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Exacerbation No change/remission Pvalue

(n=547) (n=1502)
Loss of sense of smell 59 10.8% 97 6.5% <0.001
Headache 30 5.5% 96 6.4% 0.450
Diarrhea 19 3.5% 31 2.1% 0.070
Nausea and/or vomiting 14 2.6% 18 1.2% 0.032

Biologics (n = 1058, 236 patients with exacerbation), no. (%)

TNF-a inhibitors 27 37.0% 46 63.0% 0.007
IL-17 inhibitors 177 21.1% 662 78.9%
IL-12/23 inhibitors 32 21.9% 114 78.1%

Data are presented as mean (SD), and n (%).

TNF-a inhibitors: etanercept, infliximab, and adalimumab; IL-17A inhibitors: secukinumab and ixekizumab; IL-12/23 inhibitors:
ustekinumab and guselkumab.

Univariate and multivariate analyses identified risk factors associated with
psoriasis exacerbation after SARS-CoV-2 infection

In the univariable analyses, the presence of pre-existing skin lesions, particularly those in stage of progression (OR = 8.778, 95%CI
=6.258-12.313), was significantly associated with exacerbation of psoriasis. Regarding comorbidities, hypertension (OR = 1.419,
95%Cl =1.023-1.967) and hyperlipidemia/fatty liver (OR =2.046, 95%Cl = 1.256-3.335) exhibited significant associations with
psoriasis exacerbation (Table 4). Except for headache and diarrhea, all COVID-19 symptoms demonstrated a correlation with
psoriasis exacerbation (Table 4). The therapies for psoriasis including traditional systemic therapy (OR =2.580, 95%Cl = 1.798~
3.703) and non-systemic therapy (OR = 2.343, 95%CI = 1.694-3.239) also exhibited a significant association with the exacerbation
of psoriasis compared with no treatment (Table 4).
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Table 4
Univariate and multivariate analyses identify risk factors associated with psoriasis exacerbation after SARS-CoV-2

infection.

Univariate analysis Multivariate analysis

OR 95%Cl Pvalue adjusted OR  95%Cl Pvalue
Gender/ female 1.028 0.838-1.261 0.792 0.933 0.743-1.173 0.554
Age > 65 years 0.939  0.649-1.358 0.736 0.615 0.396-0.955 0.030
Disease activity prior to COVID-19 diagnosis
No skin lesions Ref
With lesions, no progression 1.937 1.478-2.538 <0.001 1.699 1.268-2.276 <0.001
With lesions, with progression 8.778 6.258-12.313 <0.001 8.197 5.685-11.820 <0.001
Co-morbidities
Hypertension 1.419 1.023-1.967 0.036 1.582 1.068-2.343 0.022
Hyperlipidemia/fatty liver 2.046 1.256-3.335 0.004 1.395 0.790-2.465 0.251
Hyperuricemia 1.793 0.834-3.852 0.135 1.317 0.567-3.060 0.521
Common COVID-19 symptoms
Fever 1.554 1.197-2.018 0.001 1.297 0.959-1.754 0.091
Cough 1.491 1.224-1.814 <0.001 1.345 1.064-1.702 0.013
Muscle aches and pains 1.714  1.403-2.094 <0.001 1.349 1.052-1.729 0.018
Sore throat 1.257  1.026-1.541 0.028 0.900 0.702-1.152 0.402
Weakness 1.781  1.422-2.230 <0.001 1.638 1.233-2.175 <0.001
Runny nose 1.642 1.239-2.177 <0.001 1.292 0.917-1.818 0.142
Decreased sense of taste 1.375 1.003-1.886 0.048 0.910 0.579-1.428 0.681
Loss of sense of smell 1.751  1.247-2.459 <0.001 1.466 0.906-2.372 0.119
Headache 0.850 0.557-1.296 0.450 0.685 0.419-1.119 0.131
Diarrhea 1.708 0.956-3.049 0.070 1.296 0.661-2.54 0.450
Nausea and/or vomiting 2.166 1.070-4.384 0.032 1.641 0.730-3.690 0.230

Treatment of psoriasis prior to COVID-19 diagnosis

No treatment Ref

Biologics 1.119 0.841-1.491 0.440 0.931 0.680-1.274 0.656
Traditional systemic treatment  2.580 1.798-3.703 <0.001 1.887 1.263-2.818 0.002
Non-systemic treatment 2.343  1.694-3.239 <0.001 1.602 1.117-2.297 0.010

OR, odds ratio; 95% Cl, 95% confidence interval.
Biologics: TNF inhibitors, IL-17 inhibitors, IL12/23 inhibitors.
Traditional systemic therapy: methotrexate, cyclosporine, acitretin, and Chinese herbal medicine.

Non-systemic therapy: topical medications, phototherapy, and Chinese herbal medicine bath.
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Then, a total of 23 features were selected into the multivariate logistic regression model, and 9 of them were independently
associated with exacerbation of psoriasis after adjusted. Psoriasis patients aged over 65 have a lower risk of exacerbation after
infection compared to patients under 65 years old (adjusted OR =0.615, 95%Cl = 0.396-0.955). Both no progression (adjusted OR
=1.699, 95%Cl = 1.268-2.276) and progression with lesions (adjusted OR =8.197, 95%Cl = 5.685-11.820), as well as hypertension
(adjusted OR =1.582, 95%Cl = 1.068-2.343) remained significantly associated with exacerbation of psoriasis (Table 4). After
adjustment, for COVID-19 symptoms, only fatigue (adjusted OR = 1.638, 95%Cl = 1.233-2.175), muscle aches (adjusted OR = 1.349,
95%Cl =1.052-1.729), and cough (adjusted OR = 1.345, 95%Cl = 1.064-1.702) were found to be associated with psoriasis
exacerbation in this study population. Baseline therapies for psoriasis including traditional systemic treatment (adjusted OR =
1.887,95%Cl = 1.263-2.818) and non-systemic treatment (adjusted OR = 1.602, 95%Cl = 1.117-2.297) were still significantly
associated with exacerbation of psoriasis but not biologics (adjusted OR=0.931, 95%Cl = 0.680-1.274) compared with no
treatment (Table 4).

Discussion

In this study, we presented clinical data from a large cohort of psoriasis patients with COVID-19 and observed that those treated
with biologics or receiving no treatment for psoriasis had the lowest rates of exacerbation following SARS-CoV-2 infection. The
presence of psoriatic lesions prior to SARS-CoV-2 infection was significantly associated with an increased risk of exacerbation in
psoriasis. Moreover, we have also identified certain factors associated with the exacerbation of psoriasis during COVID-19
infection, including hypertension and common COVID-19 symptoms such as fatigue, muscle aches, and cough.

Previous case reports and small sample studies of case series have indicated that psoriasis exacerbation occurs following SARS-
CoV-2 infection [17, 18]. Our study initially revealed a significant association between SARS-CoV-2 infection and the exacerbation
of psoriasis in a large cohort. In the subgroup analysis, significant differences were observed in the impact of treatment types on
psoriasis outcomes. Notably, patients treated with biologics exhibited a significantly lower likelihood of experiencing exacerbation
of psoriasis lesions following SARS-CoV-2 infection. Blocking the cytokine-mediated inflammatory cell death pathway may offer
potential benefits for COVID-19 and autoinflammatory disease patients by mitigating tissue damage and inflammation[19].
Interestingly, patients who did not receive any treatment for psoriasis also exhibited a decreased rate of exacerbation. This may be
related to the psoriasis stability before SARS-CoV-2 infection, as individuals who have not undergone any psoriasis treatment are
likely in a stable phase of the disease.

In the multivariate analysis, we observed a higher risk of psoriasis exacerbation following SARS-CoV-2 infection in patients with
coexisting hypertension. This association may be attributed to the utilization of antihypertensive medications commonly
prescribed for hypertensive individuals, such as angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers
(ARBs), and beta-blockers, which are known to potentially worsen psoriasis symptoms[20]. Nevertheless, the precise mechanisms
underlying this aggravating effect of these drugs on psoriasis remain largely elusive and necessitate further investigation.

In a further analysis of the impact of various target biologics on psoriasis outcomes, it was observed that patients who were
treated with IL-17A inhibitors had the lower proportion of exacerbations of psoriasis. This may be attributed to the involvement of
IL-17 in COVID-19 pathogenesis, as evidenced by previous studies demonstrating its active role in cytokine storm and disease
severity [21, 22]. Studies also presumed that targeting IL-17 is immunologically plausible as a strategy in COVID-19 [23, 24].
Therefore, it is hypothesized that the utilization of IL-17A inhibitors may potentially mitigate the severity of COVID-19 by attenuating
the inflammatory cytokine storm in vivo after infection with SARS-CoV-2. Consequently, patients who employ IL-17A inhibitors may
experience a reduction in psoriasis exacerbation due to decreased levels of inflammation.

In addition to SARS-CoV-2 infections, a multitude of other factors can contribute to the onset and exacerbation of psoriasis. The
COVID-19 outbreak in China, characterized by a significant surge in infections[3], coincides with the winter season when psoriasis
tends to exacerbate. During this time, if the patients suffer from mental stress because of COVID-19 infection[25], this may affect
the progression of psoriasis. Additionally, there have been reports indicating that COVID-19 vaccination may exacerbate in
psoriasis patients[26, 27]. The COVID-19 vaccines utilize adenovirus vectors, mRNA, or virus-related proteins to elicit Th1 and Th17
immune responses, which may further exacerbate psoriasis [28].
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One of the strengths of our study is that it is the first comprehensive analysis of the psoriasis outcome condition in patients with
COVID-19 conducted on a large cohort. Furthermore, we included patients who received different types of treatment for psoriasis
and specifically ensured the inclusion of individuals with stable disease activity and those not currently undergoing any form of
treatment to minimize potential selection bias. A potential limitation of our study is the retrospective telephone follow-up, which
may introduce recall bias. Additionally, this study may lack some relevant details such as COVID-19 vaccination status and other
factors exacerbating psoriasis or COVID-19 related laboratory tests.

SARS-CoV-2 infection may potentially exacerbate psoriasis, while the impact of different treatment modalities on psoriasis
outcomes following SARS-CoV-2 infection varies. The utilization of biologics has the potential to reduce the incidence of psoriasis
exacerbation during COVID-19 persistence. Notably, pre-existing psoriatic lesions and hypertension have been identified as
significant risk factors for exacerbation post-infection. These findings offer valuable insights for the management and treatment of
psoriasis patients during the COVID-19 pandemic and future outbreaks. Moreover, the results support the recommendation that
discontinuation of biologic therapy should not be considered in psoriasis patients during the COVID-19 pandemic. However, further
validation across larger cohorts of immunosuppressed patients is warranted.
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