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Abstract: Psoriasis is an immune-mediated dermatosis usually associated with comorbidities. Treat-
ment varies from topicals to systemic drugs and data on susceptibility to viral infections in psoriatic
patients are scarce. The objectives of this study were to analyze psoriatic patients on different thera-
pies who were at risk for COVID-19 for seroprevalence of SARS-COV-2, pro-inflammatory cytokine
profile, comorbidities and outcomes in order to unveil the immunological mechanisms involved in
the anti-viral response in patients with psoriasis. Seventy-five patients with psoriasis were divided
according to treatment: immunobiologics, methotrexate, topicals and acitretin. Twenty healthy con-
trols were included. Plasma samples were collected for: IgG SARS-COV-2 (ELISA); IL-27, IL-29 and
IL-18 (ELISA); and IL-1β, IL-17A, IL-6 and TNF (cytometric array). Seropositivity for SARS-COV-2
was detected in 24 out of 75 psoriasis patients and did not relate to COVID-19 symptoms and/or
hospitalization, despite associated comorbidities. Psoriasis patients who were asymptomatic for
SARS-COV-2 exhibited immune imbalance with high levels of IL-18, IL-17A and IL-6, and low levels
of IL-27 compared to healthy controls. Psoriasis groups showed significant increased cytokine levels
only in the group with immunobiologics. Despite immune deviations and lower IL-27, which has
a potential antiviral impact, psoriatic patients did not exhibit complications related to COVID-19.
An understanding of this kind of proinflammatory profile of psoriatic patients and of the lack of
severe outcomes for COVID-19 is essential to establish novel therapeutic approaches and preventive
measures, including with regard to the concomitance of viral infections.

Keywords: psoriasis; COVID-19; SARS-COV-2; IL-27; immune response; cytokines

1. Introduction

Psoriasis is a chronic and inflammatory immune-mediated skin disease featuring
genetic predisposition and associated comorbidities (psoriatic arthritis, cardiovascular
disease, obesity, hypertension, dyslipidemia, diabetes mellitus, non-alcoholic fatty liver
disease, inflammatory bowel disease, depression, and lymphoma, among others), with a
worldwide prevalence of around 2% and a high impact on quality of life [1–3]. Psoriasis
lesions are characterized by scaly erythematous plaques, which are presented in different
phenotypes (psoriasis vulgaris, palmoplantar psoriasis, erythrodermic psoriasis, inverse
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psoriasis, guttate psoriasis and palmoplantar psoriasis) and with various degrees of sever-
ity. Individual susceptibility and environmental factors have key roles in determining
the disease presentation. Medication—such as beta-blockers, lithium and anti-malarial
and non-steroidal anti-inflammatory drugs—emotional distress, physical trauma, and
infections are examples of external factors that may elicit or aggravate psoriasis in a geneti-
cally susceptible individual by breaking immunologic tolerance. Histological features of
this condition include parakeratosis (due to hyperproliferative keratinocytes in the basal
membrane of the epidermis), regular acanthosis, intraepidermal micro-abscesses contain-
ing neutrophils, dilatated capillaries on the dermal papillae and a dermal inflammatory
infiltrate composed of lymphocytes, histiocytes, neutrophils and dendritic cells [4].

When the disease is not under control, patients are in a chronic inflammatory state with
elevated serum inflammatory markers. The pathogenesis of psoriasis was initially related to
a predominant Th1 axis, as patients with psoriasis present high levels of IFN-γ−producing
Th1 lymphocytes in cutaneous lesions and in the peripheral blood [5]. Nowadays, the
pathogenesis of psoriasis is mainly considered to be mediated by Th17, as a crucial part
of psoriasis skin proliferation and inflammation, and endorsed by IL-23 [6,7]. Both innate
and adaptive cutaneous immune responses are involved in skin psoriatic inflammation,
in which cutaneous damage leads to keratinocytes death and DNA and RNA release in
the extracellular environment. Plasmacytoid dendritic cell activation—mediated by hu-
man cathelicidin antimicrobial peptide (CAMP), known as LL-37, and Toll-like receptor 9
(TLR9)—complexed to self-nucleotides exerts a key role in the disease, leading to produc-
tion of type I IFN (IFN-α and IFN-β) as well as Th1 and Th17 cells interleukins (IFN-γ and
IL-17, respectively) and proinflammatory cytokines (TNF-α, IL-12, IL-23, IL-6 and IL-1β).
Other pro-inflammatory cytokines—such as IL-23, which is produced by dermal leucocytes
from a myeloid lineage —induce the proliferation and differentiation of Th17 lymphocytes
and perpetuate the inflammatory cascade in psoriasis [1,7–9].

The IL-23/Th-17 pathway also induces IL-29 (a type III IFN—IFNλ) secretion, which
is responsible for stimulating the release of antiviral proteins by keratinocytes, mediat-
ing an antiviral state on psoriatic skin [2,7]. IL-27, a member of the IL-6/IL-12 family
(a heterodimer composed of p28 and Epstein–Barr virus-induced 3—EBI3), also induces
antiviral proteins in an IFN-independent way and can affect both induction and/or in-
hibition of inflammation [10,11]. IL-27 inhibits Th17 cells differentiation and exhibits
an anti-inflammatory function in Th cells. In psoriasis, IL-27 can both be responsible
for disease onset itself, inducing Th1 lymphocytes, and can suppress the inflammation
when TNF-α is upregulated, suggesting that manipulation of IL-27 in psoriasis could be
beneficent [6,7,10].

IL-27 is also capable of regulating IL-18 binding protein (BP) in skin resident cells [12].
IL-18, a member of the IL-1 family, mediates either Th1 or Th2 cell responses and acts as
an important regulator for both innate and acquired immunity. IL-18 also demonstrates
an important proinflammatory property in skin-tropic viruses by either producing a viral
antagonist (vIL-18BP) or inducing endogenous IL-18BP secretion [12,13]. In psoriasis,
circulating levels of IL-18 are enhanced.

The choice of psoriasis treatment is based on the severity and extension of the disease,
the topography of the cutaneous lesions, the associated comorbidities, the impact on quality
of life, the availability of medications, the adverse effects profile and the clinical and social
background of the patient. Topical treatment is an option for mild and localized disease.
Topical steroids, topical calcineurin inhibitors, topical vitamin D analogues and keratolytic
agents are examples of medications used for psoriasis. Classic systemic treatments comprise
phototherapy, immunosuppressants (methotrexate and cyclosporine for instance) and
retinoic acid (acitretin) and they are indicated for severe or recalcitrant psoriasis. Novel
treatments with biologicals agents, such as anti-TNFα, anti-IL17, anti-IL12 and IL-23, are
highly effective, but their prescription is onerous for a public health system [14].

In this study, we aimed to analyze asymptomatic psoriasis patients at risk for COVID-
19 treated in our university hospital, which is a tertiary public healthcare facility that
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became a referral hospital for severe SARS-CoV-2 infected patients after the beginning of
the COVID-19 pandemic. Those patients were under different therapies and were evaluated
for seroprevalence of SARS-COV-2, pro-inflammatory cytokine profile comorbidities and
outcomes. Our goal was to evaluate the inflammatory profile of patients with psoriasis
under different treatment regimens who were asymptomatic for COVID-19 infection and
highly exposed at a referral health facility for SARS-CoV-2. These findings may help in
the development of further strategies to adapt anti-inflammatory/immunosuppressant
treatment for psoriasis during the COVID-19 pandemic.

2. Materials and Methods
2.1. Subjects

Seventy-five patients with psoriasis (Pso) at risk for COVID-19 and 20 healthy con-
trols (HC, n = 20) were selected. All patients were from the Outpatient Psoriasis Clinic,
Dermatology Department, Hospital das Clínicas, Faculdade de Medicina da Universidade
de Sao Paulo (FMUSP), Sao Paulo, SP, BR. The Pso patients were divided into four groups
according to treatment option: group 1 (G1)—immunobiologics (n = 20); G2—methotrexate
(n = 20); G3—topicals (n = 15); G4—acitretin (n = 20); blood samples were collected during
the pandemic phase of COVID-19 (from July to August 2020). No Pso patient discontinued
treatment and they all agreed to fill out a questionnaire regarding associated comorbidities,
COVID-19 symptoms and social isolation. All individuals read the statement of informed
consent and agreed to participate. The study was approved by the local Ethics Committee.
Methods were performed in accordance with the relevant guidelines and regulations of
this institution. Demographic data are shown in Table 1.

Table 1. Characterization of psoriasis patients (clinical-epidemiological features and treatment options).

Groups Gender/n Age (Years)/Mean ± SD PASI/Mean ± SD Seropositive COVID-19
(IgG)/n (Total) Treatment Option/n

G1 M/8
F/9

20–80/53.73 ± 13.66 0–24/3.744 ± 3.662

5/20

mmunobiologics

- anti-IL-17A: 5/20
- anti-TNF-α: 4/20
- anti-IL-12p40/IL-23:

11/20

G2 M/11
F/9 8/20 Methotrexate: 20/20

G3 M/4
F/11 3/15 Topical treatment:

15/15

G4 M/9
F/11 8/20 Acitretin: 20/20

HC M/5
F/15 24–49/32.75 ± 6.10 NA None NA

PASI: Psoriasis Area and Severity Index; G: group; M: male; F: female; HC: healthy controls; NA: not applicable.

2.2. Isolation of Plasma Samples

Venous blood samples were collected in EDTA-anticoagulated tubes and centrifuged
at 1500 rpm for 5 min for plasma isolation; samples were stored at −80 ◦C.

2.3. ELISA Cytokines Measurement

Plasma samples were quantified for IL-18, IL-27 and IL-29 using DuoSet enzyme-
linked immunosorbent assay (ELISA) kits (codes: DY318-05, DY2526 and DY7246, re-
spectively; R&D Systems, Minnesota, MN, USA) according to the manufacturer’s instruc-
tions. The minimum detection limits were: IL-18–12 pg/mL; IL-27–156 pg/mL; and
IL-29–63 pg/mL.
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2.4. Detection of IgG Antibodies to COVID-19

Plasma samples from healthy donors and psoriasis patients were tested for the pres-
ence of anti-COVID-19 IgG by ELISA using commercial kits from Dia.Pro (Diagnostic
Bioprobes Srl, Milan, Italy). The assays were performed according to the manufacturer’s
instructions and detected antibodies against a mix of recombinant antigens (nucleocapsid,
S1 and S2). The test results were calculated considering the sample reading measures
and cut-off values (S/Co), as suggested by the producer. An S/Co <0.9 indicated that the
subject had no IgG antibodies to COVID-19 while S/Co values >1.1 were indicative of
antibodies against COVID-19.

2.5. Determination of Cytokines by Cytometric Bead Array (CBA)

The cytokines IL-6, IL-17A, TNF and IL-1β were quantified in plasma samples with
the CBA method using commercial kits (Flex Cytometric Bead Array Enhanced Sensitivity
and Flex Cytometric Bead Array; BD Pharmingen, San Diego, CA, USA) according to the
manufacturer’s instructions. The analysis was performed using a flow cytometer (LSR
Fortessa; BD Biosciences, San Jose, CA, USA) and data analysis was performed using the
FCAP Array software (BD Biosciences). The detection limits were: 68.4 fg/mL for IL-6, 26.1
fg/mL for IL-17A, 67.3 fg/mL for TNF and 2.3 pg/mL for IL-1β.

2.6. Statistical Analysis

The Mann–Whitney and Kruskal–Wallis tests were utilized to compare two and three
sets of data, respectively. Differences between groups were considered statistically signifi-
cant when p < 0.05, determined using GraphPad Prism software version 9.1.0 (San Diego,
CA, USA).

3. Results
3.1. Positivity of IgG Antibodies to COVID-19 in Psoriasis Patients

A total of 24 out of 75 psoriasis patients were IgG COVID-19 positive. The prevalence
of seropositivity to COVID-19 was more prominent in G2 (methotrexate group) and G4
(acitretin group). Healthy controls were seronegative for IgG COVID-19 (data summarized
in Table 1).

3.2. Analysis of Circulating Levels of Proinflammatory Cytokines

In our Pso patients, asymptomatic for SARS-COV-2, we detected an immune imbal-
ance with increased levels of IL-18, IL-17A and IL-6 and decreased levels of IL-27 compared
to healthy controls. With regard to the analysis of cytokines levels between psoriasis groups,
increased cytokines levels were mainly verified in G1 (Figure 1a–e). We also found that
IL-29 was detected in only 9 out of 75 Pso patients and in 1 HC and that IL-1β was detected
in 8 out of 75 Pso patients.

3.3. Comorbidities in Psoriasis Patients

Figure 2a,b show the main comorbidities reported by the Pso group divided by
gender, illustrating the prominence of heart diseases/hypertension, diabetes mellitus,
hepatitis C virus (HCV) infection, tuberculosis, human immunodeficiency virus (HIV)
infection, obesity and arthritis. Despite associated comorbidities, none of the Pso patients
seropositive for COVID-19 (IgG) were hospitalized or showed clinical complications due
to SARS-COV-2 infection. Interestingly, diabetes mellitus and HCV infection were more
frequent in the questionnaires answered by male psoriasis patients, whilst comorbidities
such as heart disease/hypertension, diabetes mellitus, tuberculosis, HIV infection and
obesity were more often detected in the questionnaires answered by females.
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75) compared to healthy controls (HC, n = 10). There was no statistical difference between Pso groups. G1 showed more 
prominent alterations. (b–e) Increased levels of IL-18, IL-17A, IL-6 and TNF in Pso group (n = 75) compared to HC (n = 
20). When analyzing cytokines levels in Pso groups, we detected increased levels of IL-17A in G1 (c). G1—biologics treat-
ment; G2—methotrexate treatment; G3—topical treatment; G4—acitretin treatment. Lines represent medians with the in-
terquartile range of cytokine levels expressed. * p < 0.05, ** p < 0.01. 

 
Figure 2. Comorbidities and psoriasis patients. Graphic illustration of main comorbidities reported by male (n = 32) (a) 
and female (n = 43) (b) Pso patients. DM: diabetes mellitus; HCV: hepatitis C virus infection; HIV: human immunodefi-
ciency virus infection; NR: not related. 

4. Discussion 
Psoriasis is a chronic immune-mediated disease with many associated comorbidities. 

Psoriasis lesions show keratinocyte over-proliferation and atypical infiltration of effector 
T cells, dendritic cells, natural killer cells, neutrophils and macrophages [15]. This disease 
is considered by some researchers as a systemic inflammatory condition once it is 
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compared to healthy controls (HC, n = 10). There was no statistical difference between Pso groups. G1 showed more
prominent alterations. (b–e) Increased levels of IL-18, IL-17A, IL-6 and TNF in Pso group (n = 75) compared to HC (n = 20).
When analyzing cytokines levels in Pso groups, we detected increased levels of IL-17A in G1 (c). G1—biologics treatment;
G2—methotrexate treatment; G3—topical treatment; G4—acitretin treatment. Lines represent medians with the interquartile
range of cytokine levels expressed. * p < 0.05, ** p < 0.01.
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female (n = 43) (b) Pso patients. DM: diabetes mellitus; HCV: hepatitis C virus infection; HIV: human immunodeficiency
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4. Discussion

Psoriasis is a chronic immune-mediated disease with many associated comorbidities.
Psoriasis lesions show keratinocyte over-proliferation and atypical infiltration of effec-
tor T cells, dendritic cells, natural killer cells, neutrophils and macrophages [15]. This
disease is considered by some researchers as a systemic inflammatory condition once it
is characterized by a systemic inflammation similar to rheumatoid arthritis [4]. In this
study, we evaluated psoriasis patients on different therapies who were at risk for COVID-
19 for seropositivity for SARS-COV-2, pro-inflammatory cytokine profile, comorbidities
and outcomes.

The COVID-19 seroprevalence in the city of Sao Paulo at the time this study was
conducted was 11% [16]. Interestingly, the COVID-19 seroprevalence in our Pso group was
higher (32%) compared to the general municipal data. Our outpatient clinic is a public
healthcare facility that mainly assists the low-income population. Social and economic
disparities are reflected in the access to educational and health systems, thus jeopardizing
the least privileged population, who are at greater risk of SARS-COV-2 contamination [17].
Limited access to diagnostic tests, contact tracing and early diagnosis and low isolation rates
may explain the higher prevalence of positive serology for COVID-19 in our Pso group.

All Pso patients included in this study were asymptomatic for COVID-19, with a
seropositive prevalence of 32% for SARS-COV-2. Incredibly, this prevalence was higher
in those patients on methotrexate (G2) and acitretin (G4). None of the psoriatic patients
needed hospitalization or suspension of their current medication due to COVID-19 infec-
tion, indicating that no harm results from immunobiological treatment in psoriasis patients
at risk for COVID-19. Similar findings were reported for a study with 374 patients with
psoriasis; hospitalization due to COVID-19 infection was more frequent in patients treated
with non-biologic systemic therapy compared to those treated with biologics, which was
attributed to the fact that the first group presented lower levels of isolation compared to
the latter [18].

During the COVID-19 outbreak, some data led to suggestions of caution in prescribing
or sustaining immunosuppressants or immunobiological medications in chronic skin condi-
tions [19,20]. As the pandemic progressed, maintenance of such treatment options proved
to be safe, except in cases of hospitalization or complications due to COVID-19 [21–25],
which reinforces our findings.

Psoriasis patients exhibit enhanced circulating levels of IL-6, IL-18, IL-17A, IFN-γ,
TNF, IL-1β, IL-27 and IL-29 [12,26–28]. The inflammatory cytokine profile of Pso patients at
risk for COVID-19 included in our study showed increased levels of IL-18, IL-17A and IL-6
and decreased levels of IL-27 when compared to HCs. IL-29 was detected in 9 out of 75 and
IL-1β in 8 out of 75 of Pso patients. When analyzing cytokine levels across psoriasis groups,
increased cytokines levels were mainly verified in G1 (immunobiological treatment), with
a tendency toward elevation in G2 and G4 (systemic treatments for psoriasis). This finding
may have been due to the limited number of patients included in our study. Patients on
systemic treatments have more severe psoriasis, with increased initial PASI scores and
recalcitrance to exclusive topical treatments. It is known that Th17 inflammatory axis
activation has a positive correlation with the severity of psoriasis [9]. This fact explains the
higher detection of IL-17A in G1, G2 and G4, which was not seen in the topical treatment
group (G3) with mild psoriasis.

Our findings indicate that, when the IL-23/Th17 pathway is targeted with systemic
treatment, IL-1β, IL-27 and IL-29 decrease in accordance with the PASI score. IL-27 is
able to inhibit Th17 differentiation [6,10] and we suggest that the increased levels of IL-
17A observed in our Pso patients could have been due, in part, to the decreased levels
of IL-27. Even though IL-27 and IL-29 are linked to the instigation of antiviral protein
production, our Pso patients did not develop any severe symptoms or complications due
to COVID-19, suggesting that other proinflammatory cytokines may contribute to the
cytokine milieu balance in psoriasis inflammation and thus that modulation of IL-27 does
not lead to an increased risk of virus infection in these patients. Blockage of IL-27 in septic
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patients leads to reduced mortality and bacterial burden, indicating that modulation of
IL-27 may be helpful in infections, but studies regarding psoriasis and viral infections are
still scarce [7,10,29].

Pso patients have many associated comorbidities, including obesity, which is generally
associated with cardiovascular diseases, dyslipidemia and diabetes mellitus. Interestingly,
adipose tissue also produces large amounts of proinflammatory cytokines, including TNF-
α, IL-6 and IL-17, contributing to worsening of psoriasis [30]. Our Pso group demonstrated
high frequencies of heart disease, diabetes mellitus and obesity, among other comorbidities,
despite the absence of COVID-19 symptoms. These comorbidities are also associated with
an enhanced risk of COVID-19 complications and/or mortality [8,31]. An international case
series demonstrated that the presence of risk factors for SARS-COV-2 infection in psoriatic
patients increased the hospitalization rate in this population [18]. The proinflammatory
environment caused by psoriasis and metabolic syndrome may contribute to aggravating
the cases of COVID-19 infection, leading to an exaggerated systemic inflammatory response
that damages different organs (cytokine storm). A larger study including psoriasis patients
with symptomatic SARS-COV-2 infection is necessary to determine whether the Th17
polarized immune response along with a chronic pro-inflammatory state are associated
with poorer outcomes in COVID-19 infection.

The limitations of our study included the limited sample size and selection bias, as
all patients were from the same healthcare service and had similar economic and social
backgrounds. We did not evaluate patients with psoriasis who were not undertaking any
treatment or who were in phototherapy in this study due to the specificities of our university
hospital, which only admits referred patients with severe diseases. This analysis represents
the first step in the comprehension of innate and adaptative immune responses against
viral infections in a population with an imbalanced immune system. Psoriasis, like many
other inflammatory and autoimmune diseases—such as multiple sclerosis, rheumatoid
arthritis and inflammatory bowel disease—presents a deviation of T lymphocytes to a
Th17 pattern [9]. Although the IL-23/Th-17 pathway leads to the production of anti-viral
cytokines in the skin of psoriatic patients (type III IFN) [2,7], it is still unknown whether
these molecules play an important role in the prevention of systemic infections, such as
COVID-19.

Our data showed a pro-inflammatory dysfunction in psoriasis patients, with decreased
anti-viral cytokine levels and increased pro-inflammatory cytokines levels, albeit varying
according to treatment options. Those Pso patients at risk for COVID-19 with positive IgG
serology for COVID-19 and associated comorbidities did not experience complications asso-
ciated with SARS-COV-2 or require hospitalization, despite their immunologic alterations.
A full understanding of the antiviral host defense in psoriasis is necessary in order to
improve new preventive and therapeutic treatment options. Our data provide fundamental
insights into innate and adaptive responses in psoriasis with regard to cytokine milieu
modulation of inflammation and response to viral infections.
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