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Abstract

It is unclear whether biological antipsoriatic therapies affect seroconversion after
messenger ribonucleic acid (mRNA)-based antisevere acute respiratory syndrome
coronavirus 2 (anti-SARS-CoV-2) vaccinations. To assess antibody formation and the
incidence of side effects after anti-SARS-CoV-2 mRNA vaccinations in psoriatic
patients receiving different biologicals compared to healthy controls. 102 moderate-
to-severe psoriatic patients (56.2 [£13.5] years) and 55 age-matched healthy (56.4
+ 13.6 years) volunteers were included in our study. Ten to 21 days after the admin-
istration of the second dosage of BNT162b2 or mRNA-1273 vaccine, antibody levels
specific to the SARS-CoV-2 spike (S) protein receptor binding domain were moni-
tored. The incidence of postvaccination side effects was recorded and compared to
real-life data in the literature. Of the 102 patients, 57 (55.88%) received tumor necro-
sis factor (TNF), 28 (27.45%) received interleukin (IL)-12/23, 16 (15.68%) received IL-
17, and 1 (0.99%) received IL-23 inhibitors. No significant differences in the median
serum level of anti-SARS-CoV-2S antibody were observed between the study popu-
lation and the control group (median IQR range: 1681.0 U/mL (600.0-4844.0) versus
1984.0 U/mL (1000.0-3136.0; p = 0.82). The most frequent side effects of the
mRNA vaccines within 7 days after the administration of both dosages were arm pain
on the side of injection (23.53% and 23.53%), fatigue (9.80% and 13.72%), headache
(4.9% and 5.88%), and chills or shivering (4.9% and 8.82%). Detectable antibodies
against SARS-CoV-2S protein appear 10-21 days after the administration of the
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1 | INTRODUCTION
Coronavirus diseases, such as severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS), have appeared
in the last decade, mainly in East Asia and the Middle East. In
December 2019, a novel coronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), emerged in Wuhan, China, caus-
ing coronavirus disease 19 (COVID-19), and it has steadily progressed
into a global pandemic.t

A large amount of data is already available about comorbidities,
which lead to a poor outcome of COVID-19.2"* Compared to the general
population, psoriasis does not increase the risk of SARS-CoV-2 infec-
tion.>® However, psoriasis is often accompanied by several other com-
orbidities, such as metabolic syndrome and cardiovascular diseases,
which on their own result in a poor COVID-19 outcome in the general
population.” Data from 374 clinician-reported patients with psoriatic dis-
ease who were diagnosed with confirmed or suspected COVID-19 from
25 countries were registered in an international registry called Psoriasis
Patient Registry for Outcomes, Therapy and Epidemiology of COVID-19
Infection (PsoProtect). Seventy-one percent of the population received
biological therapy, 18% received traditional systemic therapy, and 10%
did not receive any systemic treatment. A total of 83.4% of the patients
treated with biologicals were not hospitalized, and 95.1% showed full
recovery. This patient group showed the lowest rate of hospitalization
and the highest rate of full recovery.®

Vaccination programme is an effective way to reduce the pan-
demic and subsequently eradicate the virus. A number of vaccine
developments has been launched worldwide. Due to the emergency,
the registration of vaccines was conducted under an accelerated pro-
cedure by the European Medicines Agency (EMA). Elderly adults and
individuals with several comorbidities were among the first to receive
vaccinations because these proportions of the population are at a
greater risk of acquiring SARS-CoV-2 infection and associated death.

Based on the most recent literature, systemic biological treat-
ments for psoriasis and psoriatic arthritis do not increase the risk of
SARS-CoV-2 infection and COVID-19 complications.’” 1! The majority
of the literature includes case reports; however, an analysis was per-
formed involving 1400 patients from different fields of medicine (gas-
troenterology, rheumatology, and dermatology) and concluded that
biologicals and disease-modifying antirheumatic drugs do not affect
the severity of COVID-19 outcomes.*

Published data on the efficacy of the different vaccines against
SARS-CoV-2 infection among patients with psoriatic disease undergo-
ing systemic biological treatments are limited.*?"** It is not clear

whether systemic biological therapy alters antibody formation

second dosage of BNT162b2 or mRNA-1273 vaccines in moderate-to-severe psori-

atic patients receiving biologicals, similar to those of healthy controls.

biologic therapy, mRNA vaccine, psoriasis, SARS-CoV-2, seroconversion

(seroconversion) after anti-SARS-CoV-2 vaccination. Methotrexate
(MTX) therapy significantly reduces the response rate to pneumococ-
cal vaccine compared to placebo or etanercept treatments in patients
with psoriatic arthritis.>> In a cohort study, the authors observed sero-
conversion 28 days after the administration of the first dose of
BNT162b2 vaccination among 84 patients with psoriatic disease
treated with anti-tumor necrosis factor (anti-TNF), anti-interleukin
(anti-IL)-17, anti-IL-23 therapy or MTX. Lower rates of seroconversion
were observed in patients receiving systemic treatments than in con-
trols, with the lowest rate observed in patients receiving methotrex-
ate. Cellular immune responses were induced in all groups.t®

In this study, the authors' aim was to investigate anti-SARS-CoV-2S
antibody levels after the administration of the second dose of the anti-
SARS-CoV-2 messenger ribonucleic acid (mRNA) [BioNTech/Pfizer
Comirnaty® (BNT162b2) or Moderna COVID-19 Spikevax® (mRNA-
1273)] vaccinations among patients with moderate-to-severe psoriatic
disease who were treated with systemic biological antipsoriatic therapies.
Both mRNA vaccines trigger the immune system, which results in tempo-
rary expression of the SARS-CoV-2 spike protein in human cells. The
Pfizer vaccine conferred 95% protection and the Moderna vaccine con-
ferred 94.5% protection against COVID-19.178

Data on the development and maintenance of antibody formation
after anti-SARS-CoV-2 vaccination are limited to a large number of
patients with psoriatic disease receiving systemic biological therapies.
Here, the authors publish the interim analysis of their results obtained

in 102 psoriatic patients.

2 | MATERIALS AND METHODS

This paper provides the first preliminary analysis of our multicenter
prospective observational cohort study. The enrollment of patients
started in February 2021 at the Department of Dermatology,
Venereology and Dermatooncology of Semmelweis University, Buda-
pest, Hungary. All enrolled patients were informed about the specific
study procedures and signed the patient consent forms. The study
was funded by the grant Investing in the Future Fund: “National level
adjustments to the challenges of the SARS-CoV2 pandemic on blood
banking operations”, ID No: 2020-1.1.6-JOVO-2021-00010.

21 | Ethics

This study protocol was reviewed and approved by the Medical

Research Council Scientific and Research Ethics Committees,
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Budapest, Hungary (approval number: IV/861-1/2021/EKU, date of
approval: January 27, 2021) and meets all requirements of the Decla-
ration of Helsinki. Patients provided written informed consent to par-

ticipate and donate blood for the purpose of our study.

2.2 | Study design

This multicenter study investigated a prospective cohort of immuno-
compromised patients to assess the characteristics of the seroconver-
sion rate and follow the permanence of antispike protein levels in
patients receiving different systemic immunosuppressive therapies
after anti-SARS-CoV-2 vaccination according to the national protocol.
The following departments/clinics of Semmelweis University are par-
ticipated in this study: Department of Dermatology, Venereology and
Dermatooncology, Department of Surgery, Transplantation and Gas-
troenterology, 1st Department of Surgery and Interventional Gastro-
enterology, Heart and Vascular Centre, Department of Rheumatology
and Clinical Immunology, Department of Pulmonology as well as the
Rheumatology Centre of Buda Hospital of the Hospitaller Order of
Saint John of God.

Here, a preliminary analysis of patients with psoriatic disease,
who were treated with different systemic biological therapies and
vaccinated with anti-SARS-CoV-2 mRNA vaccines, was reported from
the Department of Dermatology, Venereology and Dermatooncology.

One hundred and two adult patients were enrolled consecutively
in the study. The inclusion criteria were as follows: psoriatic disease
for more than 6 months and moderate-to-severe psoriasis (PASI = 10
and DLQI = 10) with stable disease activity and maintenance period
of the applied antipsoriatic systemic biological therapy (TNF or IL-
12/23 or IL-17 or IL-23 inhibitors), and age older than 18 years. None
of the patients received concomitant MTX therapy.

Patients were excluded if they had a polymerase chain reaction
(PCR) proven current or previous SARS-CoV-2 infection, previous
severe vaccination reaction (anaphylaxis), known primary immunodefi-
ciency that affects adaptive immunity, status of splenectomy or func-
tional asplenia, solid organ transplantation within 3 months, treatment
targeting B-cell clones (anti-CD20), neutropenia (neutrophil granulo-
cyte < 0.5 G/L), lymphopenia (lymphocyte count < 0.5 G/L), preg-
nancy or breast-feeding, or were planning to conceive a child within
2 months.

Patients were also excluded if any of the following conditions
were present: psoriatic disease for less than 6 months, induction
period of the applied antipsoriatic systemic biological therapy, con-
comitant MTX therapy, or younger than 18 years.

Fourteen to 21 days (median value of 16 days) after the adminis-
tration of the second dose of the anti-SARS-CoV-2 mRNA
[BioNTech/Pfizer (BNT162b2) or Moderna COVID-19 (mMRNA-1273)]
vaccination, 5 mL of blood samples were collected. Side effects were
registered after both vaccinations. We examined the effects of these
two vaccines together because the mechanism and efficacy are
approximately the same.'®'? We did not stratify the patients

according to the type of mRNA vaccinations.

DERMATOLOGIC 30f8
MRS WiLEY-L =

Control group consisted of 55 volunteers who were, healthy age-
matched health care workers (45 women, 10 men) were enrolled in
the study (age: 56.4 + 13.6 years). The exclusion criteria were an
autoimmune disease or positive SARS-CoV-2 antibody test results
with the Roche test before vaccination. Specific antibody tests (Roche
anti-SARS-CoV-2 S immunoassay) were used to examine the presence
of antibodies 10-14 days after the administration of the second dose

of mRNA vaccine.

2.3 | Laboratory analyses
Antibody detection:

SARS-CoV-2 specific antibodies were analyzed using Elecsys.
Anti-SARS-CoV-2 S immunoassay (Roche Diagnostics International
Ltd., Switzerland) on a Cobas €6000 instrument. The test detects anti-
bodies specific for the SARS-CoV-2 spike (S) protein receptor binding
domain (RBD) (total RBD-specific antibodies: immunoglobulin [Ig]G/
IgA/1gM) in human serum and plasma. The method is based on the
double-antigen sandwich principle using electrochemiluminescence
for the quantitative determination of antibodies. The limit of quantifi-
cation is 0.4 U/mL. Results less than 0.8 U/mL are considered nega-
tive, and results equal to or greater than 0.8 are considered positive
according to the test description.

2.4 | Evaluation of data

Research Electronic Data Capture (REDCap) 8.10.1 software was
used for prospective data capture and storage. Data analysis was
performed using Stata/SE 13.0 (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP.) After
data cleansing, sorting, and data property examination, a descrip-
tive analysis was performed. Means and standard deviations were
calculated unless indicated otherwise. Nonparametric data with
skewed distributions are displayed as medians and interquartile
ranges (IQRs). Shapiro-Wilk tests were used to assess normality.
Variance analyses were performed using ANOVA and the
Krsukal-Wallis test. A linear multivariate regression analysis was
performed to assess individual effectors associated with depen-
dent variables. A p-value of <0.05 was considered statistically

significant.2%:21

3 | RESULTS

3.1 | Patients' characteristics

Patients' characteristics are presented in Table 1. One hundred and
two adult (age 2= 18 years) patients [41 women (40.20%) and 61 men
(59.80%); mean age of 56.2 (+13.5) years] with moderate-to-severe
plague-type psoriasis were enrolled in the study. All enrolled patients

received one of the currently used systemic biological therapies for
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TABLE 1

Characteristics of moderate-to-severe psoriatic patients receiving different biological therapies

Patients' Characteristics Whole study population TNF inhibitor IL-17 and IL-23 inhibitors IL-12/23 inhibitor
Total sample (N/%) 102 (100%) 57 (100%) 17 (100%) 28 (100%)
Gender (N/%)

Men 61 (59.80%) 36 (63.16%) 9 (52.94%) 16 (57.14%)

Women 41 (40.20%) 21 (36.84%) 8 (47.06%) 12 (42.86%)
Age (years, mean, SD) 56.2 (£13.5) 56.7 (¥12.1) 57.6 (+14.9) 54.4 (+15.5)
Psoriatic arthritis (N/%) 57 (55.88%) 40 (70.17%) 9 (52.94%) 8(28.57%)
PASI, median (IQR) 0.0 (0.0-1.8) 0.0 (0.0-1.0) 1.0 (0.0-2.0) 0.7 (0.0-2.5)
DLQI, median (IQR) 0.0 (0.0-2.0) 0.0 (0.0-1.0) 0.0 (0.0-2.0) 0.0 (0.0-2.5)
Hypertension (N/%) 52 (50.98%) 29 (50.87%) 10 (58.82%) 13 (46.43%)
Diabetes Mellitus (N/%) 23 (22.55%) 15 (26.31%) 4 (23.53%) 4 (14.28%)
Obesity (N/%) 42 (41.17%) 19 (33.33%) 9 (52.94%) 14 (50%)

Abbreviations: DLQI, Dermatology Life Quality of Index; IL, interleukin; IQR, interquartile range; PASI, Psoriasis Area Severity Index; SD, standard

deviation; TNF, tumor necrosis factor.

TABLE 2 Theincidence rate of side effects after the first and the
second dosage of anti-SARS-CoV-2 mRNA vaccines among
moderate-to-severe psoriatic patients receiving different biological
therapies

Incidence rate after Incidence rate after

the first dosage of the second dosage
mRNA vaccines of mRNA vaccines
Side effects (N/%) (N/%)
Total sample 102 (100%) 102 (100%)
Disease relapse 1 (0.99%) 0 (0.00%)
Local reaction 24 (23.53%) 24 (23.53%)
Hyperemia 1 (0.99%) 0 (0.00%)
Tumor 1(0.99%) 2(1.96%)
Fatigue 10 (9.90%) 14 (13.72%)
Headache 5(4.90%) 6 (5.88%)
Muscle pain 1 (0.98%) 4 (3.92%)
Joint pain 1(0.99%) 5 (4.90%)
Chills or shivering 5(4.90%) 9 (8.82%)
Fever 1 (0.99%) 4 (3.92%)
Vomiting/diarrhea 3(2.94%) 3(2.94%)
New symptom 1 (0.99%) 1 (0.99%)

Abbreviation: anti-SARS-CoV-2 mRNA vaccines, antisevere acute
respiratory syndrome coronavirus 2 messenger ribonucleic acid vaccines.

the treatment of psoriatic disease in a maintenance dosage regimen.
The allocation of the applied therapies was based on the S3 European
and the relevant national guidelines and access to the current medici-
nal product. Fifty-seven patients (55.88%) received anti-TNF,
28 patients (27.45%) received anti-IL-12/23, 16 patients (15.68%)
received anti-IL-17, and 1 patient (0.99%) received anti-IL-23 thera-
pies. Considering the small sample size of the anti-IL-23 group and
the fact that anti-IL-23 therapy acts at a different level but inhibits
the same T-cell activation pathway as anti-IL-17 therapy, the results

of these two groups were merged. None of the patients received

concomitant MTX therapy. The disease activity at the time of vaccina-
tion was low. The median values of the patients' skin symptoms and
quality of life scales [Psoriasis Area Severity Index (PASI) and Derma-
tology Life Quality of Index (DLQI] were both 0.0. Fifty-seven patients
from the study population had clinically proven psoriatic arthritis. In
the study population, 86 patients (84.31%) received the BNT162b2
vaccine, and 16 patients (15.69%) received the mRNA-1273 vaccine.
Thirty-five days elapsed between the administration of the two dos-
ages of one vaccine, and 16 days elapsed between the administration
of the second dosage of the vaccine and blood sample collection
(median values). Registration of side effects was also performed. The
most common side effects observed after the administration of both
dosages of injections in the whole study group were arm pain on the
side of the injection (23.53% and 23.53%), fatigue (9.80% and
13.72%), headache (4.9% and 5.88%), and chills or shivering (4.9%
and 8.82%).

The incidence rates of side effects after the administration of

both dosages of mMRNA vaccines are shown in Table 2.

3.2 | Laboratory findings
The results of the laboratory examinations are shown in Tables 3 and
4 and Figure 1.

No significant differences in the median serum level of anti-
SARS-CoV-2S antibody were observed between the study population
and the control group (1681.0 U/mL (600.0-4844.0) versus
1984.0 U/mL (1000.0-3136.0; p = 0.82). Comparing the different
biologicals, the highest serum level of anti-SARS-CoV-2S antibody
was measured in the IL-12/23 inhibitor group, with a median value of
3779.0 U/mL, followed by the IL-17 and IL-23 inhibitor group, with a
median value of 2074.0 U/mL. In the TNF inhibitor group, the median
value was 1126.0 U/mL. No significant differences were observed
when comparing the patients receiving different biological therapies
to the control group (p = 0.552 for the anti-TNF group, p = 0.992 for
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TABLE 3 Levels of serum Roche Spike immunoglobulins (Ig) in moderate-to-severe psoriatic patients treated with different biological

therapies versus controls

-Val
Factor Whole study population Controls p(W:cuo?(on signed-rank test)
Total Sample (N/%) 102 (100%) 55 (100%)
Gender (N/%)
Men 61 (59.80%) 10 (18.18%)
Women 41 (40.20%) 45 (81.82%)
Age (years, mean [SD]) 56.2 (£13.5) 56.4 (£13.6)
Roche serum Ig (U/ml), median (IQR), 1681.0 (600.0-4844.0) 1984.0 (1000.0-3136.0) 0.82
log Roche, mean (SD) 3.2 (x0.7) 3.2 (+0.4) 0.88
Abbreviations: SD, standard deviation; IQR, interquartile range.
TABLE 4 Levels of serum Roche Spike immunoglobulins (lIg) in different biological therapies
Factor Whole study population  TNF-inhibitor IL-17and IL-23 inhibitors  1L-12/23 inhibitor
Total sample (N) 102 57 17 28
Delta vaccination (days), median (IQR)  35.0 (29.0-35.0) 35.0 (28.0-35.0) 34.0(29.0-35.0) 35.0 (31.0-35.0)
Delta serology (days), median (IQR) 16.0 (14.0-21.0) 16.0 (14.0-20.0) 18.0 (15.0-21.0) 15.5 (14.0-22.5)

Roche serum Ig (U/ml), median (IQR) 1681.0 (600.0-4844.0) 1126.0 (425.5-3115.0)  2074.0 (1297.0-2860.0) 3779.0 (1036.0-8347.0)

Abbreviations: Delta serology, time elapsed between the second dosage of mRNA vaccinations and blood sample collection; Delta vaccination, time
elapsed between the two dosages of mRNA vaccinations; IQR, interquartile range.

FIGURE 1 Box plot for Serum Roche
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the anti-IL17 and anti-IL-23 group and p = 0.453 for the anti-IL-
12/23 group).

4 | DISCUSSION

Several studies observed seroconversion (antibody formation) after

different types of vaccination among patients with psoriasis receiving

systemic antipsoriatic treatments. The majority of serological control
studies reported the increase in the titer 4-6 weeks after vaccination.
Overall, seroconversion developed among patients with psoriatic dis-
ease treated with TNF and IL-12/23 inhibitors, and in some cases, the
increase in the titer exceeded the median titer of the healthy control
group. A significantly lower increase in the titer was observed in the
MTX group than in the group treated with other biological therapies
and healthy control group.*>?2-2% Secukinumab treatment was proven
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to not affect the humoral response against influenza vaccine among
patients with psoriatic arthritis.2>2¢

SARS-CoV-2 is a positive sense single-stranded RNA (ssRNA)
B-coronavirus. It enters the host cell by interacting with the angioten-
sin converting enzyme-2 (ACE-2) receptor. The severity of SARS-
CoV-2 infection ranges from a mild infection to multiorgan failure
associated with bleeding and thrombotic complications.?” Data are
limited and controversial, but psoriasis does not increase the risk of
SARS-CoV-2 infection compared to the general population.** Patients
with moderate-to-severe psoriatic disease who are receiving systemic
traditional or systemic biological treatments do not have an increased
risk of SARS-CoV-2 infection or death related to COVID-19 compared
to the general population; therefore, patients who are not infected
with SARS-CoV-2 should not stop ongoing antipsoriatic treatment.?®
Yousaf et al. analyzed a database with 53 million patient records and
identified no evidence of an increased risk of COVID-19-related hos-
pitalization or mortality among patients treated with TNF inhibitors,
methotrexate, or their combination compared to patients who did not
receive systemic therapies.?’

One hundred and two patients with moderate-to-severe psori-
atic disease receiving different systemic biological therapies were
enrolled in the present study to evaluate the development of the
anti-SARS-CoV-2S antibody after the administration of two dos-
ages of anti-SARS-CoV-2 mRNA vaccinations. Based on a nation-
wide study conducted in the United Kingdom with 45,965 adults
from the general population, high anti-spike protein antibody
levels were measured 28 days after the administration of the sec-
ond dose of the BNT162b2 vaccine.®° In another study, the anti-
body level was measured 24 days after the administration of the
second dosage of the BNT162b2 vaccine.®! In our study, 14-
21 days after the administration of the second dosage of
BNT162b2 or mRNA-1273 mRNA vaccines, patients with
moderate-to-severe psoriatic disease treated with biologicals
developed immunity equal to that of healthy control patients. No
significant differences in the median serum level of anti-SARS-
CoV-2S antibodies were observed between the whole study popu-
lation and the control group or between each biological therapy
group and the control group.

In the literature, systemic events after the administration of the
second dosage of the BNT162b2 vaccine were reported in 64.2% of
recipients; 47.8% reported fatigue, 22.7% reported chills or shivering,
and 40.4% reported headache. Arm pain on the injection side
occurred in 66.5% of the recipients. After the administration of the
second dosage of the mRNA-1273 vaccine, systemic events occurred
in 74.8% of the recipients; fatigue in 60%, chills and shivering in 40%,
headache in 53.2%, and arm pain on the injection side in 78.3%.32
Comparing our results to the literature data, side effects occurred at a
lower incidence. After the administration of the second dosage of
mRNA vaccines, arm pain on the injection side appeared in 23.53%,
fatigue in 13.72%, headache in 5.88%, and chills or shivering in 8.82%.
The reduction in generalized inflammation with systemic antipsoriatic
treatments may have affected the incidence rate of vaccination-

related side effects.

5 | CONCLUSION

In December 2019, a novel coronavirus emerged, and the COVID-19
pandemic developed worldwide. Vaccines are our only chance to reduce
the pandemic and develop adequate immunity against the virus. Our
study revealed adequate antibody formation at a median value of
16 days after the administration of the second dosage of mRNA vaccines
in 100% of patients with psoriatic disease who were receiving different
types of biological antipsoriatic treatments compared to healthy controls.
No significant differences in the specific antibody levels were observed
between patients and healthy controls after vaccination. Based on these
data, we conclude that this group of patients present with the same
levels of antibody formation as healthy controls. The most commonly
reported adverse events were arm pain on the injection side, fatigue,
headache, and chilling or shivering. Comparing our results to the publi-
shed data, side effects occurred at a lower incidence. Further examina-
tions are needed to assess the maintenance of antibodies produced in
response to the currently used vaccines.

6 | STUDY LIMITATIONS

One of the limitations of the study is that the control group only
received the BioNTech/Pfizer (BNT162b2) vaccine, and no controls
were available for the Moderna (MRNA-1273) vaccination. We exam-
ined the effects of these two vaccines together because the mecha-
nism and efficacy are approximately the same.*®%” We did not stratify
the patients according to the mRNA vaccinations. Considering the
small sample size of the anti-IL-23 group and the fact that anti-IL-23
therapy acts at a different level but inhibits the same T-cell activation
pathway as anti-IL-17 therapy, the two groups were merged. In our
study group, a median value of 16 days elapsed between the adminis-
tration of the second dosage of the vaccine and blood sample collec-
tion, while the interval was 10-14 days in the control group.
However, no significant differences in the serum levels of anti-SARS-
CoV-2 antibodies were observed between groups.
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