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Background: Coronavirus disease 2019 (COVID-19) have brought great

disaster to mankind, and there is currently no globally recognized specific

drug or treatment. Severe COVID-19 may trigger a cytokine storm, manifested

by increased levels of cytokines including interleukin-17 (IL-17), so a new

strategy to treat COVID-19 may be to use existing IL-17 inhibitors, which

have demonstrated efficacy, safety and tolerability in the treatment of psoriasis.

However, the use of IL-17 inhibitors in patients with psoriasis during the

COVID-19 pandemic remains controversial due to reports that IL-17

inhibitors may increase the risk of respiratory tract infections.

Objectives: The systematic review and meta-analysis aimed to evaluate the

effect of IL-17 inhibitors on the risk of COVID-19 infection, hospitalization, and

mortality in patients with psoriasis.

Methods:Databases (including Embase, PubMed, SCI-Web of Science, Scopus,

CNKI, and the Cochrane Library) were searched up to August 23, 2022, for

studies exploring differences in COVID-19 outcomes between psoriasis

patients using IL-17 inhibitors and those using non-biologics. Two authors

independently extracted data and assessed the risk of bias in a double-blind

manner. The risk ratios (RRs) and 95% confidence intervals (CIs) were calculated

and heterogeneities were determined by the Q test and I2 statistic. And the

numbers needed to treat (NNTs) were calculated to assess the clinical value of

IL-17 inhibitors in preventing SARS-CoV-2 infection and treating COVID-19.

Results: Nine observational studies involving 7,106 participants were included.

The pooled effect showed no significant differences in the rates of SARS-CoV-2
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infection (P = 0.94; I2 = 19.5%), COVID-19 hospitalization (P = 0.64; I2 = 0.0%),

and COVID-19 mortality (P = 0.32; I2 = 0.0%) in psoriasis patients using IL-17

inhibitors compared with using non-biologics. Subgroup analyses grouped by

age and COVID-19 cases, respectively, revealed consistent results as above.

Meanwhile, the pooled NNTs showed no significant differences between the

two groups in the clinical value of preventing SARS-CoV-2 infection and

treating COVID-19.

Conclusion: The use of IL-17 inhibitors in patients with psoriasis does not

increase the risk of SARS-CoV-2 infection or worsen the course of COVID-19.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42022335195.
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Introduction

As of September 7, 2022, coronavirus disease 2019 (COVID-

19) have caused more than 603 million confirmed cases,

including more than 6.48 million deaths, and have brought

great disaster to mankind (1). COVID-19 is a clinical syndrome

caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) for which there is currently no globally

recognized specific drug or treatment. Severe COVID-19 may

trigger a cytokine storm, a hyperinflammatory state triggered by

viral infections, which primarily causes pneumonia followed by

systemic inflammation (2–4). Among the variety of cytokines

involved in the storm, interleukin-17 (IL-17) is a predominant

mediator of pulmonary inflammation (5). Recently, several

studies have shown that the levels of circulating IL-17 are

elevated in the peripheral blood of COVID-19 patients (2, 6–

8), so the use of IL-17 inhibitors may become a new treatment

option for COVID-19, which directly block the IL-17

pathway (9).

As biologics, IL-17 inhibitors have been approved for the

treatment of moderate-to-severe plaque psoriasis, and have

demonstrated efficacy, safety and tolerability (10–14).

However, IL-17 inhibitors have been reported to increase the

risk of respiratory infections (15–17), so it needs to be

considered whether psoriasis patients treated with IL-17

inhibitors are more susceptible to the virus during the

COVID-19 pandemic. In addition, it is still unclear whether

the use of IL-17 inhibitors can effectively treat COVID-19 or

shorten the course of COVID-19. Although studies have

compared the risk of SARS-CoV-2 infection and the course of
02
COVID-19 in psoriasis patients receiving biologics (including

IL-17 inhibitors) and those receiving non-biologics, the results

are not entirely consistent. Therefore, we use a systematic review

to explore the risk of COVID-19 infection, hospitalization, and

mortality in psoriasis patients treated with IL-17 inhibitors

during the COVID-19 pandemic.
Materials and methods

Study registration

This systematic review chose psoriasis patients using IL-17

inhibitors as the exposure group and psoriasis patients using

non-biologics as the control group. And it was conducted

according to the Preferred Reporting Items for Systematic

reviews and Meta-Analyses (PRISMA) statement (18). The

research protocol was registered in the PROSPERO

database (CRD42022335195).
Search strategy

To find studies exploring differences in COVID-19

outcomes between psoriasis patients using IL-17 inhibitors and

those using non-biologics, we searched databases (including

Embase, PubMed, SCI-Web of Science, Scopus, CNKI, and the

Cochrane Library) for articles published in any language and

gray literature before August 23, 2022, and manually searched

the references from potentially relevant papers. The studies were
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screened by two reviewers (ML and LL) independently using

Endnote, version X9 (Clarivate Analytics), and conflicts were

resolved by a third reviewer (NW). For studies that lacked

original data or unpublished, we would contact the authors

by email.

MeSH (Medical Subject Headings) and free text terms for IL-

17 inhibitors and COVID-19 were used, and the terms are as

follows: (“COVID-19” OR “SARS-CoV-2” OR “coronavirus

disease 2019” OR “severe acute respiratory syndrome

coronavirus 2”) AND (“Psoriasis” OR “Psoriases”) AND

(“Interleukin-17” OR “Secukinumab” OR “Ixekizumab” OR

“Brodalumab” OR “Cosentyx” OR “Taltz” OR “Siliq” OR

“Kyntheum” OR “Lumicef”). Supplementary Table 1 (Table

S1) summarized the specific retrieval strategies and results

used for each database.
Inclusion and exclusion criteria

Original studies were included if they met all of the following

criteria: (1) study design: observational studies or experimental

(randomized controlled trials) studies; (2) population/

participants: patients with psoriasis; (3) intervention/exposure:

using IL-17 inhibitors; (4) control/comparison: using non-

biologics; (5) outcomes: clear indicators of COVID-19

infection, hospitalization or mortality.

Studies were excluded if they met any of the following

criteria: (1) no accessible clinical data or incomplete data; (2)

duplicate published studies; (3) full-text not available.

Three endpoints of the review were: (1) presence of COVID-

19 cases (including confirmed cases, defined as those with

positive molecular tests, and suspected cases, defined as those

who have possible COVID-19 symptoms); (2) hospitalization for

COVID-19; (3) death from COVID-19.
Definition of COVID-19 outcomes

The equations for SARS-CoV-2 infection rate (IR), COVID-

19 hospitalization rate (HR), and COVID-19 mortality rate

(MR) were as follows:

  IR =
I
R

HR =
H
R

MR =
M
R

where I is the number of COVID-19 cases, R is the number of

people at risk of SARS-CoV-2 infection, H is the number of those

hospitalized with COVID-19, and M is the number of those died

from COVID-19.
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Data extraction and risk
of bias assessment

The following detailed baseline characteristics were

extracted from the included studies: study, type, country/

region, period, age, type of IL-17 inhibitors, type of non-

biologics, COVID-19 cases, number of exposure, number of

control, and outcome indicator.

Two authors independently extracted data and assessed the

risk of bias in a double-blind manner (ML and SC). Since the

included studies were observational studies, the Strengthening

the Reporting of Observational studies in Epidemiology

(STROBE) statement was used (19). The STROBE statement

allows for quality assessment of 22 items. The risk of bias rating

for each item was reported as low, moderate, or high, and any

discrepancies in data and rating were addressed by negotiation

between the two or with a third author (HW).
Statistical analysis

All statistical analyses were conducted with Stata, version 15

(StataCorp LLC) and RevMan, version 5.2 (The Nordic

Cochrane Centre). All figures were generated by Stata and

RevMan software, and processed by Adobe Illustrator, version

CC 2018 (Adobe Systems Incorporated). The outcome measures

were the risk ratios (RRs) of COVID-19 infection,

hospitalization or mortality in patients with psoriasis receiving

IL-17 inhibitors versus non-biologics. And the pooled numbers

needed to treat (NNTs) and 95% confidence intervals (CIs) were

calculated to estimate the absolute benefit or risk of using IL-17

inhibitors in preventing SARS-CoV-2 infection and treating

COVID-19.

We evaluated statistical heterogeneity among studies using

the X2-based Q test and the I2 statistic. The fixed-effect model

with Mantel-Haenszel method was used when P > 0.05 of the Q

test and I2< 50%, otherwise the random-effect model with

Inverse-Variance method was used, and then generated the

pooled RRs and 95% CIs for all included studies. When no

events were observed in one or both groups in an individual

study, we used the fixed 0.5 correction value.

The NNT was calculated using the equation:

NNT =
1

CER − EER

where CER is the control event rate and EER is the experimental

event rate. We used the metannt command of the Stata software

to calculate the NNTs. Metannt calculates NNT by deriving an

effect size, applying it to a population with a given event

prevalence, and from this deriving a projected event rate if the

population were to receive the intervention. In this meta-

analysis, we calculated NNT by using rates of SARS-CoV-2

infection, COVID-19 hospitalization, and COVID-19 mortality
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in the psoriasis patients using non-biologics (control event rate),

RR (the effect size) and 95% CIs.

We conducted subgroup analyses grouped by age and

COVID-19 cases, respectively. Age was divided into three

levels: children (age<18 years), adults (age≥18 years), and NA

(not available). COVID-19 cases were divided into two levels:

confirmed cases and suspected cases. Also, we performed

comparative analyses with IL-17 inhibitors according to the

specific types of non-biologics, respectively. We undertook

sensitivity analyses for the outcome indicators, which to

account for potential study limitations that could lead to

spurious precision of pooled effect estimates. We generated the

funnel plots to explore the possibility of small study effects, and

further assessed publication bias with Egger’s and Begg’s tests. If

the P value of the test was less than 0.10, there was a

publication bias.

To ensure that the population was not counted several times,

we would take the following measures: if the exposure

population was included in multiple studies, we would

appropriately include only one of them; if several studies used

the same control population, we would combine the exposure

populations of these studies after eliminating duplicates (if any).
Results

Characteristics of included studies

We finally included 9 studies (20–28) involving 2,437

exposure individuals and 4,669 control individuals by

databases and manual search in the meta-analysis (Figure 1),

and we summarized the characteristics of all included

studies (Table 1).
Risk of bias assessment

All studies were observational, including three single-center

studies and six multicenter studies. The quality of each study was

assessed, and showed an overall low risk of bias rating, except for

the study by Queiro et al. (27) (Figure 2). Because Queiro et al.

conducted a case series study, it exhibited an overall moderate

risk of bias rating.
Effect of IL-17 inhibitors on the risk of
SARS-CoV-2 infection

Figure 3 showed the forest plots of including studies

investigating the differences in the rate of COVID-19

infection, hospitalization and mortality between the patients

with psoriasis receiving IL-17 inhibitors (secukinumab,

ixekizumab, or brodalumab) and those receiving non-biologics
Frontiers in Immunology 04
(topical therapies, phototherapy, acitretin, methotrexate,

cyclosporine, apremilast and dimetil-fumarate). The pooled

effects showed no significant difference in the rate of SARS-

CoV-2 infection (RR: 0.99; 95% CI: 0.70-1.40; P = 0.94)

(Figure 3A) between the two groups. The low level of

heterogeneity was found in the studies investigating the rate of

SARS-CoV-2 infection (I2 = 19.5%; P = 0.27).

The results of the subgroup analysis grouped by age were

consistent with the above overall results. In the adults group,

there was no significant difference in the rate of SARS-CoV-2

infection (RR: 0.97; 95% CI: 0.62-1.49; P = 0.87) between the

patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics. There were also no significant

differences in the rate of SARS-CoV-2 infection between the

patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics in the children group (RR: 12.83; 95%

CI: 0.72-227.78; P = 0.08) and the NA group (RR: 0.98; 95% CI:

0.55-1.75; P = 0.94), respectively (Figure 4A).

The results of the subgroup analysis grouped by COVID-19

cases were consistent with the above overall results. There were no

significant differences in the rate of SARS-CoV-2 infection between

the patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics in the confirmed cases group (RR: 1.04; 95%

CI: 0.64-1.69; P = 0.89) and in the suspected cases group (RR: 1.27;

95% CI: 0.52-3.12; P = 0.60), respectively (Figure 5A).

In the separate comparative analyses, the results showed no

significant differences in the rate of SARS-CoV-2 infection in

psoriasis patients receiving topical therapies, phototherapy,

apremilast, dimetil-fumarate, acitretin, methotrexate or

cyclosporine alone compared to those receiving IL-17

inhibitors (Figure S1).

Sensitivity analysis showed the stability of the results

regarding the risk of SARS-CoV-2 infection (Table 2)

(Figure S4A). There was no visual asymmetry in the funnel

plot (Figure S5A). Neither Egger’s test (P = 0.46) (Figure S6A)

nor Begg’s test (P = 1.00) (Figure S7A) revealed publication

bias (Table 2).

The pooled NNT showed no significant difference in the

clinical value of preventing SARS-CoV-2 infection in the

psoriasis patients receiving IL-17 inhibitors and those

receiving non-biologics (Table 2). The result of NNT was

consistent with the result of the RR.
Effect of IL-17 inhibitors on the risk of
COVID-19 hospitalization

Thepooled effects showednosignificantdifference in the rateof

COVID-19 hospitalization (RR: 0.82; 95% CI: 0.36-1.85; P = 0.64)

(Figure 3B) between the patients with psoriasis receiving IL-17

inhibitors and those receiving non-biologics. The low level of

heterogeneity was found in the studies investigating the rate of

COVID-19 hospitalization (I2 = 0.0%; P = 0.46).
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The results of the subgroup analysis grouped by age were

consistent with the above overall results. In the adults group,

there was no significant difference in the rate of COVID-19

hospitalization (RR: 1.20; 95% CI: 0.42-3.39; P = 0.74) between

the patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics. There were also no significant

differences in the rate of COVID-19 hospitalization between

the patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics in the children group (RR: 38.50; 95%

CI: 0.99-1496.08; P = 0.05) and the NA group (RR: 0.39; 95% CI:

0.08-1.83; P = 0.23), respectively (Figure 4B).

The results of the subgroup analysis grouped by COVID-19

cases were consistent with the above overall results. There were

no significant differences in the rates of COVID-19

hospitalization between the patients with psoriasis receiving
Frontiers in Immunology 05
IL-17 inhibitors and those receiving non-biologics in the

confirmed cases group (RR: 0.57; 95% CI: 0.21-1.52; P = 0.26)

and in the suspected cases group (RR: 3.39; 95% CI: 0.73-15.73; P

= 0.12), respectively (Figure 5B).

In the separate comparative analyses, the results also showed

no significant differences in the rate of COVID-19

hospitalization in psoriasis patients receiving any of the

specific non-biologics alone compared to those receiving IL-17

inhibitors (Figure S2).

Sensitivity analysis showed the stability of the results

regarding the risk of COVID-19 hospitalization (Table 2)

(Figure S4B). There was no visual asymmetry in the funnel

plot (Figure S5B). Neither Egger’s test (P = 0.69) (Figure S6B)

nor Begg’s test (P = 0.60) (Figure S7B) revealed publication bias

(Table 2). The pooled NNT showed no significant difference in
FIGURE 1

PRISMA flow chart for study selection. n, number; PRISMA, the Preferred Reporting Items for Systematic reviews and Meta-Analyses statement.
*All included studies contain three indicators.
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TABLE 1 Baseline Characteristics of Studies Included in the Meta-Analysis.

Study Type Country/
Region

Period
(MM/
DD/
YY)

Age Type of
IL-17

inhibitors

Type of
non-

biologics

COVID-
19 cases

No. of
exposurea

No. of
controlb

Outcome
indicator

(of
COVID-19)

Event Total Event Total

Beytout
et al. (2021)
(20)

multicenter,
retrospective,
survey

France 6/10/20-
6/29/20

children Secukinumab,
Ixekizumab
and
Brodalumab

Topical
therapies,
Acitretin and
Methotrexate

suspected
cases

0 1 1 76 Infection ratec

0 1 0 76 Hospitalization
ratec

0 1 0 76 Mortality ratec

Brazzelli
et al. (2020)
(21)

single-center,
retrospective
and
prospective,
cross-
sectional

Italy 1/01/20-
5/31/20

adults NA Topical
therapies

suspected
cases

5 21 17 100 Infection rate

0 21 0 100 Hospitalization
ratec

0 21 0 100 Mortality ratec

Damiani
et al. (2020)
(22)

single-center,
retrospective,
case-control

Lombardy 2/21/20-
4/09/20

adults Secukinumab,
Ixekizumab
and
Brodalumab

Apremilast and
Dimetil-
fumarate

confirmed
cases

7 542 0 89 Infection ratec

2 542 0 89 Hospitalization
ratec

0 542 0 89 Mortality ratec

Fougerousse
et al. (2020)
(23)

multicenter,
retrospective,
cross-
sectional

France 4/27/20-
5/07/20

adults Secukinumab,
Ixekizumab
and
Brodalumab

Methotrexate,
Cyclosporine,
Acitretin and
Apremilast

suspected
and
confirmed
cases

14 363 23 378 Infection rated

0 363 1 378 Hospitalization
ratec

0 363 0 378 Mortality ratec

Kara Polat
et al. (2020)
(24)

multicenter,
prospective,
cross-
sectional

Istanbul 3/11/20-
6/28/20

adults Secukinumab
and
Ixekizumab

Topical
therapies,
Phototherapy,
Acitretin,
Methotrexate
and
Cyclosporine

suspected
and
confirmed
cases

5 133 14 927 Infection ratee

2 133 7 927 Hospitalization
rate

0 133 0 927 Mortality ratec

Kartal et al.
(2021) (25)

multicenter,
prospective,
cross-
sectional

Turkey 3/11/20-
7/11/20

adults Secukinumab
and
Ixekizumab

Methotrexate
and
Cyclosporine

confirmed
cases

0 436 2 621 Infection ratec

0 436 0 621 Hospitalization
ratec

0 436 0 621 Mortality ratec

Kridin et al.
(2021) (26)

multicenter,
retrospective,
cohort

Israel 2/27/20-
10/02/20

NA Secukinumab
and
Ixekizumab

Methotrexate confirmed
cases

13 680 42 2153 Infection rate

1 680 11 2153 Hospitalization
rate

1 680 1 2153 Mortality rate

Queiro et al.
(2020) (27)

single-center,
retrospective,
case series

Spain NA NA Secukinumab Apremilast confirmed
cases

2 209 3 303 Infection rate

1 209 2 303 Hospitalization
rate

0 209 0 303 Mortality ratec

Vispi et al.
(2020) (28)

multicenter,
retrospective,
experience

Italy 3/01/20-
4/30/20

adults Secukinumab,
Ixekizumab
and
Brodalumab

Apremilast confirmed
cases

0 52 0 22 Infection ratec

0 52 0 22 Hospitalization
ratec

0 52 0 22 Mortality ratec
Frontiers in I
mmunology
 0
6
COVID-19, coronavirus disease 2019; IL-17, interleukin-17; NA, not available.
aExposure represents the patients with psoriasis treated with IL-17 inhibitors.
bControl represents the patients with psoriasis treated with non-biologics.
cThe studies used the fixed 0.5 correction value.
dData provided by Dr. Fougerousse Anne-Claire. In the exposure group, there were 14 COVID-19 cases, including 2 confirmed cases and 12 suspected cases. And in the control group, there
were 23 COVID-19 cases, including 3 confirmed cases (1 hospitalized with COVID-19) and 20 suspected cases.
eIn the exposure group, there were 5 COVID-19 cases, including 3 confirmed cases, 1 suspected cases and 1 sample not gone. And in the control group, there were 14 COVID-19 cases,
including 11 confirmed cases (5 hospitalized with COVID-19) and 3 suspected cases (2 hospitalized with COVID-19).
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the clinical value of alleviating the course of COVID-19 in

psoriasis patients receiving IL-17 inhibitors and those

receiving non-biologics (Table 2). The result of NNT was

consistent with the result of the RR.
Effect of IL-17 inhibitors on the risk of
COVID-19 mortality

The pooled effects showed no significant difference in the

rate of COVID-19 mortality (RR: 1.72; 95% CI: 0.60-4.97; P =

0.32) (Figure 3C) between the patients with psoriasis receiving

IL-17 inhibitors and those receiving non-biologics. The low level

of heterogeneity was found in the studies investigating the rate of

COVID-19 mortality (I2 = 0.0%; P = 0.69).

The results of the subgroup analysis grouped by age were

consistent with the above overall results. In the adults group,

there was no significant difference in the rate of COVID-19

mortality (RR: 1.17; 95% CI: 0.30-4.56; P = 0.82) between the

patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics. There were also no significant

differences in the rate of COVID-19 mortality between the

patients with psoriasis receiving IL-17 inhibitors and those

receiving non-biologics in the children group (RR: 38.50; 95%

CI: 0.99-1496.08; P = 0.05) and the NA group (RR: 2.38; 95% CI:

0.26-22.03; P = 0.45), respectively (Figure 4C).

The results of the subgroup analysis grouped by COVID-19

cases were consistent with the above overall results. There were no

significant differences in the rate of COVID-19 mortality between

the patients with psoriasis receiving IL-17 inhibitors and those
Frontiers in Immunology 07
receiving non-biologics in the confirmed cases group (RR: 1.30;

95% CI: 0.38-4.44; P = 0.67) and in the suspected cases group (RR:

3.88; 95% CI: 0.67-22.54; P = 0.13), respectively (Figure 5C).

In the separate comparative analyses, the results also showed

no significant difference in the rate of COVID-19 mortality in

psoriasis patients receiving any of the specific non-biologics

alone compared to those receiving IL-17 inhibitors (Figure S3).

Sensitivity analysis showed the stability of the results

regarding the risk of COVID-19 mortality (Table 2) (Figure

S4C). There was no visual asymmetry in the funnel plot (Figure

S5C). Neither Egger’s test (P = 0.53) (Figure S6C) nor Begg’s test

(P = 0.47) (Figure S7C) revealed publication bias (Table 2). The

pooled NNT showed no significant difference in the clinical value

of treating COVID-19 disease in psoriasis patients receiving IL-17

inhibitors and those receiving non-biologics (Table 2). The result

of NNT was consistent with the result of the RR.
Discussion

This meta-analysis, including both single-center and

multicenter observational studies, compared the risk of

COVID-19 infection, hospitalization, and mortality in patients

with psoriasis receiving IL-17 inhibitors and those receiving

non-biologics. We found no significant differences in the rates of

COVID-19 infection, hospitalization and mortality between the

two groups. These findings indicated that using IL-17 inhibitors

in psoriasis patients did not increase the infection risk of SARS-

CoV-2 or worsen the course of COVID-19 compared with using

non-biologics.
FIGURE 2

Risk of bias assessment.
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FIGURE 3

Forest plots of risk ratios and 95% confidence intervals. (A) Forest plot of risk ratios and 95% CIs of the SARS-CoV-2 infection rate; (B) Forest
plot of risk ratios and 95% CIs of the COVID-19 hospitalization rate; (C) Forest plot of risk ratios and 95% CIs of the COVID-19 mortality rate. CI,
confidence interval; COVID-19, coronavirus disease 2019; MH, Mantel-Haenszel method. *Exposure represents patients with psoriasis treated
with IL-17 inhibitors. **Control represents patients with psoriasis treated with non-biologics.
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FIGURE 4

Subgroup analysis grouped by age. (A) Forest plot of risk ratios and 95% CIs of the SARS-CoV-2 infection rate; (B) Forest plot of risk ratios and
95% CIs of the COVID-19 hospitalization rate; (C) Forest plot of risk ratios and 95% CIs of the COVID-19 mortality rate. CI, confidence interval;
COVID-19, coronavirus disease 2019; MH, Mantel-Haenszel method; NA, not available. *Exposure represents patients with psoriasis treated with
IL-17 inhibitors. **Control represents patients with psoriasis treated with non-biologics.
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FIGURE 5

Subgroup analysis grouped by COVID-19 cases. (A) Forest plot of risk ratios and 95% CIs of the SARS-CoV-2 infection rate; (B) Forest plot of risk
ratios and 95% CIs of the COVID-19 hospitalization rate; (C) Forest plot of risk ratios and 95% CIs of the COVID-19 mortality rate. CI, confidence
interval; COVID-19, coronavirus disease 2019; DL, DerSimonian-Laird estimate of tau2; NA, not available. *Exposure represents patients with
psoriasis treated with IL-17 inhibitors. **Control represents patients with psoriasis treated with non-biologics. ***In the exposure group, there
were 14 COVID-19 cases, including 2 confirmed cases and 12 suspected cases. And in the control group, there were 23 COVID-19 cases,
including 3 confirmed cases (1 hospitalized with COVID-19) and 20 suspected cases. ****In the exposure group, there were 5 COVID-19 cases,
including 3 confirmed cases, 1 suspected cases and 1 sample not gone. And in the control group, there were 14 COVID-19 cases, including 11
confirmed cases (5 hospitalized with COVID-19) and 3 suspected cases (2 hospitalized with COVID-19).
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IL-17 is selectively produced by a specific subset of T helper

cells–Th17, and is identified as a silent amplifier of the immunity

process (29). IL-17 plays an important role in some inflammatory-

based chronic diseases (30), and is involved in the process of cell

activation, growth and proliferation (31, 32). IL-17 could induce

the production of pro-inflammatory mediators such as IL-6 and

tumor necrosis factor (TNF)-a (33). Studies showed that the levels

of Th17 cells and IL-17 in the peripheral blood of patients infected

with SARS-CoV-2 were elevated (2, 6–8). Also, elevated plasma

levels of these pro-inflammatory mediators have also been

associated with COVID-19-related pulmonary inflammation (2,

34). Study had shown that 81% of COVID-19 fatal cases were

diagnosed with acute respiratory distress syndrome (ARDS) (35),

which indicated ARDS was an important cause of COVID-19

death. Meanwhile, a retrospective analysis of IL-17 gene

polymorphisms showed an increased 30-day survival in ARDS

patients with the A-allele of rs2275913 SNP (resulting in

attenuated IL-17 production) (36). Additionally, a study

revealed that in COVID-19 neutrophil/T cell cocultures,

neutrophils could cause a strong polarity shift to Th17, and was
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accompanied by a decrease of interferon (IFN)-g-producing Th1
cells (37), which confirmed the association between Th17 and

COVID-19. Moreover, a Th17 type-dominant immunophenotype

could drive more severe viral myocarditis, which might further

increase the risk of COVID-19 mortality (38). Together, these

studies revealed the potential relation between elevated IL-17 level

and the severity and progression of COVID-19, and it might be a

possible effective measure for prevention of SARS-CoV-2

infection or treatment of COVID-19 to use existing IL-17

inhibitors. All currently approved IL-17 inhibitors (ixekizumab

and secukinumab, both anti-IL-17A monoclonal antibody;

brodalumab, anti-IL-17RA monoclonal antibody) can target IL-

17 directly or indirectly. However, IL-17 inhibitors have been

reported to increase the risk of respiratory infections. A study

indicated that IL-17 inhibitors increased the overall risk of

infections up to 11%, with much of the upper respiratory

infections could be attributed to secukinumab, not ixekizumab

or brodalumab (17). So there was a concern that the psoriasis

patients treated with IL-17 inhibitors might be more susceptible to

the viral infection or develop a more severe disease. To date, there
TABLE 2 Summary of Analysis Results.

Infection rate of SARS-CoV-2 Hospitalization rate of COVID-19 Mortality rate of COVID-19

Sensitivity
analysis

Study omitted Estimate
(RR)

95% CI Study omitted Estimate
(RR)

95% CI Study omitted Estimate
(RR)

95% CI

Beytout et al. (2021)
(20)

0.970 0.683 1.377 Beytout et al. (2021)
(20)

0.743 0.316 1.748 Beytout et al. (2021)
(20)

1.465 0.464 4.627

Brazzelli et al. (2020)
(21)

0.939 0.644 1.369 Brazzelli et al. (2020)
(21)

0.765 0.329 1.779 Brazzelli et al. (2020)
(21)

1.573 0.516 4.799

Damiani et al. (2020)
(22)

0.963 0.679 1.367 Damiani et al. (2020)
(22)

0.820 0.353 1.909 Damiani et al. (2020)
(22)

2.193 0.673 7.143

Fougerousse et al.
(2020) (23)

1.208 0.796 1.833 Fougerousse et al.
(2020) (23)

0.885 0.379 2.065 Fougerousse et al.
(2020) (23)

1.824 0.608 5.469

Kara Polat et al.
(2020) (24)

0.889 0.612 1.292 Kara Polat et al.
(2020) (24)

0.626 0.234 1.673 Kara Polat et al.
(2020) (24)

1.535 0.498 4.726

Kartal et al. (2021)
(25)

1.011 0.712 1.436 Kartal et al. (2021)
(25)

0.800 0.348 1.841 Kartal et al. (2021)
(25)

1.757 0.588 5.253

Kridin et al. (2021)
(26)

0.989 0.650 1.504 Kridin et al. (2021)
(26)

1.221 0.497 3.000 Kridin et al. (2021)
(26)

1.503 0.472 4.781

Queiro et al. (2020)
(27)

0.986 0.692 1.406 Queiro et al. (2020)
(27)

0.836 0.352 1.984 Queiro et al. (2020)
(27)

1.754 0.587 5.243

Vispi et al. (2020)
(28)

0.992 0.700 1.407 Vispi et al. (2020)
(28)

0.844 0.367 1.943 Vispi et al. (2020)
(28)

2.021 0.652 6.267

Combined 0.986 0.696 1.395 Combined 0.821 0.364 1.852 Combined 1.720 0.595 4.969

Publication
biasa

p value
(Begg’s test)

p value
(Egger’s test)

p value
(Begg’s test)

p value
(Egger’s test)

p value
(Begg’s test)

p value
(Egger’s test)

1.00 0.46 0.60 0.69 0.47 0.53

NNTb NNTB (Total) No. of avoided events
per 1000 (CI)

NNTB (Total) No. of avoided events
per 1000 (CI)

NNTH (Total) No. of excess events
per 1000 (CI)

3247 1 (-9, 7) 1118 1 (-5, 4) 1389 1 (-1, 4)
fro
ntiersi
CI, confidence interval; COVID-19, coronavirus disease 2019; NA, not available; NNT, number needed to treat; NNTB, number needed to treat to benefit; NNTH, number needed to treat to
harm; RR, risk ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
a Effect size: Ln (risk ratio).
b Values rounded up to the nearest integer.
n.org

https://doi.org/10.3389/fimmu.2022.1046352
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liu et al. 10.3389/fimmu.2022.1046352
is still a lack of sufficient evidence to elucidate the effect of IL-17

inhibitors on COVID-19 susceptibility and severity.

In this meta-analysis, we assessed the effect of IL-17

inhibitors on the risk of COVID-19 infection, hospitalization,

and mortality in psoriasis patients by comparing them to

psoriasis patients receiving non-biologics. These non-biologics

included topical therapies, phototherapy, apremilast, dimetil-

fumarate, acitretin, methotrexate and cyclosporine. Among

them, methotrexate, cyclosporine and apremilast are of great

attention because they are immunosuppressive agents, especially

methotrexate. Comparatively, topical therapies, phototherapy,

acitretin and dimetil-fumarate do not seem to cause undue

concern during the COVID-19 pandemic.

Methotrexate is an inhibitor of dihydrofolate reductase that

suppresses inflammation and immune infections. Previous

studies have shown that methotrexate can increase infection

(39), but its effect on susceptibility/severity of COVID-19 is

unclear. Kridin et al. found higher rates of COVID-19

hospitalization in psoriasis patients exposed to methotrexate

than to TNF inhibitors, but similar rates of SARS-CoV-2

infection (34), and that methotrexate intake independently

predicted COVID-19 related hospitalizations (40). Also, Izadi

et al. observed a higher risk of hospitalization or death associated

with COVID-19 among patients with immune-mediated

inflammatory diseases (IMIDs) treated with methotrexate

compared with TNF inhibitors, but notably, patients treated

with methotrexate in combination with TNF inhibitors had

similar rates of hospitalization or death to those treated with

TNF inhibitors alone, and importantly, methotrexate

determined COVID-19 outcomes in the combination regimen

(41). This suggests that in COVID-19, methotrexate acts in the

same direction as TNF inhibitors. More importantly, data from a

global electronic database (42) showed no statistically significant

difference in hospitalization rates in COVID-19 patients exposed

to methotrexate compared to those not exposed to methotrexate.

Additionally, Ganjei et al. (43) found that patients with aplastic

anemia taking low dose methotrexate had significantly less

severe symptoms of COVID-19 than their families with

normal immune systems. This demonstrates a potential

protective effect of methotrexate on the progression of

COVID-19. Some researchers have even speculated that

methotrexate may inhibit the expression of TNF-a, IL-6 and

other pro-inflammatory cytokines released with SARS-CoV-2,

thereby reducing the cytokine storm associated with COVID-19

(44, 45). Taken together, these evidences suggest that

methotrexate most likely does not increase the susceptibility or

severity of COVID-19 and may even protect patients from severe

COVID-19. Our results showed similar risks of COVID-19

infection, hospitalization and mortality in psoriasis patients

under IL-17 inhibitors compared with those under

methotrexate, which indirectly demonstrated the potential

protective effect of IL-17 inhibitors on COVID-19 infection

and progression in patients with psoriasis.
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Cyclosporine is a calcineurin inhibitor and premilast is a

phosphodiesterase-4 inhibitor, both of which modulate immune

response. Studies showed that non-cytotoxic concentrations of

cyclosporine strongly inhibited replication of several

coronaviruses in vitro, including SARS-CoV, MERS-CoV and

HCoV-229E (46–48), and that the psoriasis patients taking

apremilast had a significantly lower rate of severe viral

infection (49). Interestingly, cyclosporine and apremilast

probably reduce the risk of cytokine storm associated with

SARS-CoV infection by downregulating the expression of pro-

inflammatory cytokines (50, 51). More importantly, several

studies (27, 52, 53) have observed a favorable safety profile of

apremilast on COVID-19 susceptibility/severity in patients with

psoriasis. Dimetil-fumarate is a small molecule with potent,

broad-spectrum antibacterial properties, and acitretin has anti-

inflammatory effects and inhibits cell differentiation. Studies

indicated that acitretin did not increase risk of viral or

respiratory infections in psoriasis patients (49), and the rates

of COVID-19 infection and hospitalization in psoriasis patients

exposed to acitretin were similar to that of exposure to TNF

inhibitors (34). Topical therapies and phototherapy have shown

a good safety profile, and remain an important option for

psoriasis patients during the COVID-19 pandemic. In

conclusion, these studies strongly suggest that these non-

biologics do not increase susceptibility or severity of COVID-

19, which also confirm the rationality and scientific validity of

using them as the control group in this meta-analysis to assess

the effect of IL-17 inhibitors on the risk of COVID-19 infection,

hospitalization and mortality.

Furthermore, in two studies including 119 and 346 patients

with psoriasis using IL-17 inhibitors, respectively, none was

infected with SARS-CoV-2 (54, 55), which an evidence that

the use of IL-17 inhibitors in psoriasis could not increase the risk

of SARS-CoV-2 infection. These studies were consistent with the

results of our meta-analysis that the use of IL-17 inhibitors in

psoriasis patients did not more prone to SARS-CoV-2.

Meanwhile, a study showed that the use of biologics (including

IL-17 inhibitors) in psoriasis patients did not increase

susceptibility to contracting COVID-19, severe disease

progression, or increased hospitalization and mortality rates

(56). Moreover, psoriasis patients receiving biologics

(including IL-17 inhibitors) were reported to have a lower

hospitalization rate than those receiving non-biologics

(acitretin, apremilast, cyclosporine, etc.) (57). Although this

was not shown in our meta-analysis, it undoubtedly reinforced

the viewpoint that the use of IL-17 inhibitors in psoriasis

patients did not exacerbate COVID-19 conditions. At present,

clinical data on IL-17 inhibitors for the treatment of COVID-19

are still scarce, with only a few case reports showing the efficacy

and safety of IL-17 inhibitors in patients with COVID-19. Di

Lernia et al. (58) and Balestri et al. (59) have reported favorable

outcomes with secukinumab/ixekizumab in patients with

COVID-19, respectively. Mugheddu et al. (60) found that
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secukinumab could even be safely treat severe COVID-19

patients and shorten their disease course. Additionally, other

reports (61–63) also showed the similar results. Surprisingly,

Carugno et al. (64) demonstrated an experience with a COVID-

19 psoriatic patient treated with secukinumab who developed a

late onset rash. At the onset of the rash, the patient had a

nasopharyngeal positive swab, but the RT-PCR search for

viruses in skin was negative, which further supported the

potential therapeutic use of IL-17 inhibitors in COVID-19.

Overall, these previous studies showed the safety of using IL-

17 inhibitors in patients with psoriasis in the setting of COVID-

19 pandemic, and further supported the positive effect of IL-17

inhibitors on alleviating the course of COVID-19. And the

results of our meta-analysis largely coincided with it.

Large epidemiological studies showed that psoriasis was one

of the most common dermatological diseases in patients with

COVID-19 (65), and that patients with psoriasis were more

susceptible to the SARS-CoV-2 and had a higher risk of dying

from COVID-19 (66, 67). However, it was also reported that

psoriasis alone (without its comorbidities) was not likely to be a

risk factor for the severity of SARA-COV-2 infection (68).

Currently, the relationship between psoriasis and COVID-19 is

still not entirely clear. National Psoriasis Foundation COVID-19

Task Force (NPF COVID-19 TF) reached a high level of

consensus that the likelihood of poor outcomes from COVID-

19 is driven by comorbidities such as chronic heart, lung or

kidney disease and metabolic disorders such as diabetes and

obesity. And psoriasis patients are more prone to these

comorbidities, particularly in those with more severe disease

(69). Interestingly, psoriasis shares a similar immune-

inflammatory mechanism with cardiovascular diseases, both

involving activation of Th1 and Th17 cells and decreased T-

regulatory cell function (70, 71). Studies have shown that the

application of IL-17 inhibitors can improve psoriasis and

cardiovascular disease (72, 73). Therefore, it further supported

that IL-17 inhibitors played a significant positive role in the

prevention of SARS-CoV-2 infection and COVID-19 worsening.

It is well known that psoriasis is a complex disease, and it’s

considered quite harmful to hastily interrupt treatment (74). On

one hand, it will lead to higher pro-inflammatory states which

can potentially worsen the cytokine storm and immune

responses to SARS-CoV-2. On the other hand, discontinuation

of biological therapies may cause increased medical costs due to

the inevitable recurrence of disease, for the efficacy may be

reduced if the patient uses the same biological therapy again after

discontinuation (75, 76). Our study supports the continued use

of IL-17 inhibitors in patients with psoriasis during the COVID-

19 pandemic, which avoids potential exacerbations of psoriasis

due to treatment interruption.

This research has several limitations. Firstly, due to the

novelty of the research topic and the lack of randomized
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controlled trials data, we eventually included observational

studies such as case series, cross-sectional studies, and cohort

studies, which may result in a downgrade of research evidence.

Secondly, individual characteristics can affect the risk of SARS-

CoV-2 infection and course of COVID-19, such as gender,

comorbidities, and compliance with epidemic prevention

measures. And due to the lack of these elements in the

included studies, our study did not address them. These

limitations may be sources for heterogeneity.

Nonetheless, there are some strengths in our meta-analysis.

Firstly, our study is based on observational studies that

investigate psoriasis patients in their natural state, which

provides certain guidance to dermatologists in their clinical

management. Secondly, we included thousands of individuals,

which increased the credibility of this meta-analysis. Thirdly, we

performed a more comprehensive analysis, including overall

analysis and subgroup analyses grouped by age and COVID-19

cases, respectively, and further confirmed that the use of IL-17

inhibitors in psoriasis did not increase the risk of SARS-CoV-2

infection or worsen the course of COVID-19 compared with the

use of non-biologics.
Conclusion

Our meta-analysis study with a large sample size of 2,437

psoriasis patients using IL-17 inhibitors and 4,669 psoriasis

patients using non-biologics strongly support that the use of IL-

17 inhibitors in patients with psoriasis does not increase the risk of

SARS-CoV-2 infection or worsen the course of COVID-19. This

review provides evidence to support treatment decision making

for psoriasis patients receiving IL-17 inhibitors in the COVID-19

pandemic. Well-controlled clinical trials are warranted to

demonstrate the efficacy and safety of IL-17 inhibitors in the

treatment of COVID-19 in the psoriasis population.
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systemic therapy in patients with psoriasis during the covid-19 pandemic: A
multicenter study. J cosmet dermatol. 2021;10.1111/Jocd.14610.” J Cosmetic
Dermatol (2022) 21(3) 880–2 doi: 10.1111/jocd.14781

56. Kus MM, Ozturk P, Dogramaci AC, Guner ME, Bozkurt Y, Nazik H, et al.
The effects of covid-19 on psoriasis patients using biologic treatment: Two-center
retrospective study. Turkiye Klinikleri Dermatol (2022) 32(1):22–8. doi: 10.5336/
dermato.2021-86216

57. Mahil SK, Dand N, Mason KJ, Yiu ZZN, Tsakok T, Meynell F, et al. Factors
associated with adverse covid-19 outcomes in patients with psoriasis-insights from
a global registry-based study. J Allergy Clin Immunol (2021) 147(1):60–71.
doi: 10.1016/j.jaci.2020.10.007

58. Di Lernia V, Bombonato C, Motolese A. Covid-19 in an elderly patient treated
with secukinumab. Dermatol Ther (2020) 33(4):e13580. doi: 10.1111/dth.13580

59. Balestri R, Rech G, Girardelli CR. Sars-Cov-2 infection in a psoriatic patient
treated with il-17 inhibitor. J Eur Acad Dermatol Venereol (2020) 34(8):e357–e8.
doi: 10.1111/jdv.16571

60. Mugheddu C, Sanna S, Atzori L, Rongioletti F. Safety of secukinumab
treatment in covid -19 affected psoriatic patients. Dermatol Ther (2021) 34(1):
e14710. doi: 10.1111/dth.14710

61. Facheris P, Valenti M, Pavia G, Gargiulo L, Narcisi A, Costanzo A, et al.
Complicated coronavirus disease 2019 (Covid-19) in a psoriatic patient treated
with ixekizumab. Int J Dermatol (2020) 59(8):e267–e8. doi: 10.1111/ijd.15008

62. Magnano M, Balestri R, Bardazzi F, Mazzatenta C, Girardelli CR, Rech G.
Psoriasis,Covid-19, and acute respiratory distress syndrome: Focusing on the risk
of concomitant biological treatment. Dermatol Ther (2020) 33(4):e13706.
doi: 10.1111/dth.13706

63. Strippoli D, Barbagallo T, Prestinari F, Russo G, Fantini F. Biologic agents in
psoriasis: Our experience during coronavirus infection. Int J Dermatol (2020) 59
(8):e266–e7. doi: 10.1111/ijd.15002

64. Carugno A, Gambini DM, Raponi F, Vezzoli P, Robustelli Test E, Arosio
MEG, et al. Coronavirus disease 2019 (Covid-19) rash in a psoriatic patient treated
with secukinumab: Is there a role for interleukin 17? Dermatol Ther (2020) 33(6):
e14011. doi: 10.1111/dth.14011

65. Tan EH, Sena AG, Prats-Uribe A, You SC, Ahmed WU, Kostka K, et al.
Covid-19 in patients with autoimmune diseases: Characteristics and outcomes in a
multinational network of cohorts across three countries. Rheumatol (Oxford)
(2021) 60(Si):Si37–si50. doi: 10.1093/rheumatology/keab250
frontiersin.org

https://doi.org/10.1080/09546634.2021.1927947
https://doi.org/10.1080/09546634.2021.1905766
https://doi.org/10.1111/dth.13961
https://doi.org/10.4081/dr.2020.8642
https://doi.org/10.4081/dr.2020.8642
https://doi.org/10.1016/j.bcp.2009.09.015
https://doi.org/10.1016/j.bcp.2009.09.015
https://doi.org/10.1038/nrrheum.2015.53
https://doi.org/10.1186/ar1444
https://doi.org/10.1046/j.1365-2249.2002.01782.x
https://doi.org/10.1046/j.1365-2249.2002.01782.x
https://doi.org/10.1016/j.jmii.2020.03.005
https://doi.org/10.1111/dth.15003
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1042/bsr20181987
https://doi.org/10.1002/jlb.4covcra0820-481rrr
https://doi.org/10.1172/jci.insight.85851
https://doi.org/10.1016/j.jid.2016.08.034
https://doi.org/10.1016/j.jid.2016.08.034
https://doi.org/10.1007/s40257-021-00605-8
https://doi.org/10.1001/jamanetworkopen.2021.29639
https://doi.org/10.1001/jamanetworkopen.2021.29639
https://doi.org/10.1016/j.jaad.2020.09.009
https://doi.org/10.1016/j.intimp.2021.108324
https://doi.org/10.1016/j.intimp.2021.108324
https://doi.org/10.1016/j.jns.2020.116935
https://doi.org/10.1016/j.jns.2020.116942
https://doi.org/10.1016/j.jns.2020.116942
https://doi.org/10.1371/journal.ppat.1002331
https://doi.org/10.1371/journal.ppat.1002331
https://doi.org/10.1099/vir.0.034983-0
https://doi.org/10.1099/vir.0.052910-0
https://doi.org/10.1001/jamadermatol.2019.1121
https://doi.org/10.1016/j.jinf.2013.01.004
https://doi.org/10.1111/jdv.17749
https://doi.org/10.1111/dth.13668
https://doi.org/10.1111/jdv.16625
https://doi.org/10.1080/14712598.2020.1779217
https://doi.org/10.1111/jocd.14781
https://doi.org/10.5336/dermato.2021-86216
https://doi.org/10.5336/dermato.2021-86216
https://doi.org/10.1016/j.jaci.2020.10.007
https://doi.org/10.1111/dth.13580
https://doi.org/10.1111/jdv.16571
https://doi.org/10.1111/dth.14710
https://doi.org/10.1111/ijd.15008
https://doi.org/10.1111/dth.13706
https://doi.org/10.1111/ijd.15002
https://doi.org/10.1111/dth.14011
https://doi.org/10.1093/rheumatology/keab250
https://doi.org/10.3389/fimmu.2022.1046352
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liu et al. 10.3389/fimmu.2022.1046352
66. Patrick MT, Zhang H, Wasikowski R, Prens EP, Weidinger S, Gudjonsson
JE, et al. Associations between covid-19 and skin conditions identified through
epidemiology and genomic studies. J Allergy Clin Immunol (2021) 147(3):857–
69.e7. doi: 10.1016/j.jaci.2021.01.006

67. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with covid-19-Related death using opensafely. Nature (2020)
584(7821):430–6. doi: 10.1038/s41586-020-2521-4

68. Yiu ZZN, Harding-Oredugba G, Griffiths CEM, Warren RB, McMullen E,
Hunter HJA. Risk of covid-19 infection in adult patients with atopic eczema and
psoriasis: A single-centre cross-sectional study. Br J Dermatol (2021) 185(2):441–3.
doi: 10.1111/bjd.20062

69. IGelfand JM, Armstrong AW, Bell S, Anesi GL, Blauvelt A, Calabrese
C, et al. National psoriasis foundation covid-19 task force guidance for
management of psoriatic disease during the pandemic: Version 2-advances
in psoriatic disease management, covid-19 vaccines, and covid-19
treatments. J Am Acad Dermatol (2021) 84(5):1254–68. doi: 10.1016/
j.jaad.2020.12.058

70. Ahlehoff O, Gislason GH, Charlot M, Jørgensen CH, Lindhardsen J, Olesen
JB, et al. Psoriasis is associated with clinically significant cardiovascular risk: A
Frontiers in Immunology 16
Danish nationwide cohort study. J Intern Med (2011) 270(2):147–57. doi: 10.1111/
j.1365-2796.2010.02310.x

71. Alexandroff AB, Pauriah M, Camp RD, Lang CC, Struthers AD, Armstrong
DJ. More than skin deep: Atherosclerosis as a systemic manifestation of psoriasis.
Br J Dermatol (2009) 161(1):1–7. doi: 10.1111/j.1365-2133.2009.09281.x

72. von Stebut E, Boehncke WH, Ghoreschi K, Gori T, Kaya Z, Thaci D, et al. Il-
17a in psoriasis and beyond: Cardiovascular and metabolic implications. Front
Immunol (2019) 10:3096. doi: 10.3389/fimmu.2019.03096

73. Li Y, Golden JB, Camhi MI, Zhang X, Fritz Y, Diaconu D, et al. Protection
from psoriasis-related thrombosis after inhibition of il-23 or il-17a. J Invest
Dermatol (2018) 138(2):310–5. doi: 10.1016/j.jid.2017.09.021

74. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections and
immune responses. J Med Virol (2020) 92(4):424–32. doi: 10.1002/jmv.25685

75. Kim B, Maverakis E, Raychaudhuri SP. Is it possible to discontinue tumor
necrosis factor antagonists after psoriasis remission? Ann Dermatol (2019) 31
(5):495–501. doi: 10.5021/ad.2019.31.5.495

76. IMegnaM,NapolitanoM, PatrunoC, Fabbrocini G. Biologics for psoriasis in covid-
19 era: What do we know? Dermatol Ther (2020) 33(4):e13467. doi: 10.1111/dth.13467
frontiersin.org

https://doi.org/10.1016/j.jaci.2021.01.006
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1111/bjd.20062
https://doi.org/10.1016/j.jaad.2020.12.058
https://doi.org/10.1016/j.jaad.2020.12.058
https://doi.org/10.1111/j.1365-2796.2010.02310.x
https://doi.org/10.1111/j.1365-2796.2010.02310.x
https://doi.org/10.1111/j.1365-2133.2009.09281.x
https://doi.org/10.3389/fimmu.2019.03096
https://doi.org/10.1016/j.jid.2017.09.021
https://doi.org/10.1002/jmv.25685
https://doi.org/10.5021/ad.2019.31.5.495
https://doi.org/10.1111/dth.13467
https://doi.org/10.3389/fimmu.2022.1046352
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Risk of COVID-19 infection, hospitalization and mortality in psoriasis patients treated with interleukin-17 inhibitors: A systematic review and meta-analysis
	Introduction
	Materials and methods
	Study registration
	Search strategy
	Inclusion and exclusion criteria
	Definition of COVID-19 outcomes
	Data extraction and risk of bias assessment
	Statistical analysis

	Results
	Characteristics of included studies
	Risk of bias assessment
	Effect of IL-17 inhibitors on the risk of SARS-CoV-2 infection
	Effect of IL-17 inhibitors on the risk of COVID-19 hospitalization
	Effect of IL-17 inhibitors on the risk of COVID-19 mortality

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


