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Background and objectives: Evidence of immune response to COVID-19 vaccine in psoriasis patients on
biological agents is lacking. This study aimed to evaluate SARS-CoV-2 antibody levels following vaccina-
tion with CoronaVac or Pfizer/BioNTech mRNA in patients using biological agents or methotrexate, high-
titer antibody levels achievement rate, and impact of medications on immunogenicity.

Methods: This noninterventional, prospective cohort study included 89 patients and 40 controls vacci-
nated with two doses of inactivated (CoronaVac) or Pfizer/BioNTech mRNA vaccines. Anti-spike and neu-

I[fz ri/:sris" tralising antibodies were analysed before and three to six weeks after the second dose. Adverse effects
Biologics and symptomatic COVID-19 were assessed.

COVID-19 Results: Median anti-spike and neutralising antibody titers after CoronaVac were significantly lower in
Vaccination patients than controls (57.92 U/mL vs 125.4 U/mL, and 1/6 vs 1/32, respectively, p < 0.05). Patients were
antiTNF less likely to achieve high-titer anti-spike antibody levels (25.6 % vs 50 %). Infliximab was associated with
anti-1L17 attenuated vaccine response.

Pfizer/BioNTech vaccine induced comparable median anti-spike (2,080 U/mL vs 2,976.5 U/mL,) and
neutralising antibody levels (1/96 vs 1/160) in patients and controls, respectively (p > 0.05). High-titer
anti-spike and neutralising antibodies development rates were comparable among patients and controls
(95.2 % vs 100 %, and 30.4 % vs 50.0 %, respectively, p > 0.05).

Nine (10.1 %) COVID-19 cases- all mild - were identified. Psoriasis flare was seen in 6.74 %, mostly after
Pfizer/BioNTech vaccine.

Conclusion: Psoriasis patients treated with biological agents and methotrexate developed similar
response to mRNA vaccine but weaker response to inactivated vaccine. Infliximab reduced response to
the inactivated vaccine. Adverse effects were more frequent with mRNA vaccine, but none was severe.

© 2023 Elsevier Ltd. All rights reserved.

1. Introduction

Vaccination is the mainstay for the prevention of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) virus transmis-
sion. Although various vaccines have been demonstrated to reduce
the rate of COVID-19 infection, the severity of the disease and its
associated mortality in a healthy population, the data on the vacci-
nes’ immunogenicity and the efficacy in patients with immune-
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mediated inflammatory disorders (IMIDs) are sparse [1-3]. In
patients with IMIDs, including psoriasis, there are concerns about
the possibility of achieving attenuated vaccine-induced immune
response due to either the underlying disease or the immune mod-
ifying medications being used by the patients [1,4]. Several studies
have reported an attenuated immune response to COVID-19 vacci-
nes in patients with autoimmune inflammatory rheumatic dis-
eases due to intrinsic immune dysfunction [5-7]. In addition, an
impaired immune response in patients using methotrexate and
infliximab has been shown in various studies [1]. Although psoria-
sis is the most common IMID, affecting 2-3 % of the population,
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evidence of the response of patients with psoriasis to a two-dose
COVID-19 vaccine regimen is lacking. Current COVID-19 vaccina-
tion recommendations for patients with psoriasis are mainly based
on the extrapolation of data derived from studies involving
autoimmune inflammatory rheumatic diseases, which differ from
psoriasis in terms of disease characteristics, comorbidities and
treatments [8].

As of December 2021, the World Health Organization (WHO)
had issued an emergency use for nine vaccines, with efficacies
ranging from 50 % to 95 % against SARS-Cov-2 infection [9,10].
Messenger RNA (mRNA) vaccines, such as Pfizer-BioNTech and
Moderna vaccines, have been investigated for their efficacy in var-
ious populations with underlying disorders [1,11]. However, the
efficacy and safety of inactivated vaccines - CoronaVac and Sino-
pharm, which account for nearly half of the 7.3 billion COVID-19
vaccine doses delivered globally at the beginning of the pandemic
- in specific populations are uncertain due to scarcity of data [12].
Thus, we aimed to investigate immune responses to CoronaVac (in-
activated whole-virion) and Pfizer-BioNTech vaccines in patients
with psoriasis who are using biologic agents or methotrexate, as
well as evaluate the impact of the biologic agents on immuno-
genicity, vaccine efficacy and adverse effects.

2. Materials and methods
2.1. Study design and participants

This is a noninterventional, prospective cohort study, and the
participants were enrolled between February and September
2021. Patients with psoriasis aged > 18 years using methotrexate
or biologic agents, antitumour necrosis factor-alpha (anti-TNF),
anti-IL17, anti-IL12/23 and anti-IL-361, as well as controls who
applied to our hospital for COVID-19 vaccination, all vaccinated
with the two doses of CoronaVac or Pfizer-BioNTech mRNA vac-
cine, were selected for this study. Exclusion criteria included previ-
ous COVID-19 history or evidence of infection based on baseline
serum IgG reactivity, concomitant immunosuppressive use or
immunodeficiency diseases, pregnancy and breastfeeding. Apart
from immunodeficiency, any comorbidity unlikely to have any
influence on antibody responses such as hypertension, hyperlipi-
demia and diabetes were not among the exclusion criteria. The
age, sex, body mass index and smoking and treatment status of
the participants were recorded.

2.2. Setting

By the time vaccines were available, Turkish national vaccina-
tion programme included two doses of CoronaVac (which has
received emergency use approval from the WHO in many coun-
tries, including Turkey) or Pfizer-BioNTech mRNA vaccine [13,14].
Urgent vaccination was prioritised in patients with IMIDs, includ-
ing psoriasis, treated with immunomodulatory/immunosuppres
sive agents.

2.3. Procedures

Prevaccine sera were obtained to screen serological evidence of
infection, and those who had SARS-CoV-2 specific antibodies were
excluded. According to the initial national vaccination recommen-
dations, all study participants were administered the two-dose
regimen of either CoronaVac or Pfizer-BioNTech vaccine three to
four weeks apart. Three to six weeks after the second dose of either
vaccine, venous blood samples were drawn. Serological response to
the vaccine was investigated by analysing the levels of SARS-CoV-2
spike protein and neutralising antibodies; the latter is predictive of
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immune protection from symptomatic SARS-CoV-2 infection [15].
Seroconversion rates and total antibody titers against SARS-CoV-
2 spike protein were quantified using the Roche Elecsys Anti-
SARS-CoV-2 S immunoassay (Roche Diagnostics Limited, Burgess
Hill, UK) and had clinical specificity and sensitivity of 99.8 % and
97.6 %, respectively [16]. An antibody titer > 0.8 U/mL was consid-
ered reactive, and a high titer was defined as > 132 U/mL, which is
the convalescent plasma donorship threshold defined by the FDA
for this kit [17].

The neutralising antibody levels were analysed as described
previously [18]. Reciprocals of serum dilutions inhibiting at least
50 % of virus infectivity were expressed as the antibody titer. A
high titer was defined as a titer of > 1/160, which is the FDA rec-
ommendation titer of convalescent plasma donorship [19].

2.4. Safety and efficacy of the vaccines

Systemic and local adverse effects were queried, and psoriasis
flare was assessed three to six weeks after the second dose of
either vaccine. To assess the vaccines’ efficacy, the patients were
asked through a phone call in December 2021 if they experienced
symptomatic COVID-19 till that time, at least 2weeks after the sec-
ond dose of the vaccine. Any positive response was verified by
checking the electronic health records, and PCR confirmed cases
were recorded as definite cases of COVID-19. Outcomes of
COVID-19 were also investigated.

2.5. Outcomes

The primary outcomes were the neutralising and anti-SARS-
CoV-2 spike protein antibody levels following two doses of either
CoronaVac or Pfizer-BioNTech mRNA vaccine in patients with pso-
riasis who were using biologic agents or methotrexate. The sec-
ondary outcomes were as follows:

e The proportion of individuals with a neutralising antibody
titer > 1/160 and an anti-SARS-CoV-2 spike protein
titer > 132 U/ml

e The proportion of individuals with neutralising antibody titers
above 1/20, which was the cut-off value determined for the pre-
sent study since protective titer was uncertain

e The impact of medications on immunogenicity

o The incidence of symptomatic COVID-19 cases confirmed by RT-
PCR at least 14 days after the second dose of the vaccine

e The incidence of vaccine-related adverse effects and psoriasis
flare

2.6. Statistical analysis

Descriptive data were presented as numbers, percentages and
medians (25th-75th percentiles). Categorical variables were com-
pared using the chi-square and Fisher’s exact tests. Continuous
variables between two independent groups were analysed with
the Mann-Whitney U test since the data did not follow a normal
distribution. The Wilcoxon test was used to compare continuous
variables in two repeated (before and after the vaccination) sam-
ples. The level of statistical significance was set as p < 0.05.

2.7. Ethical approval

This study was approved by the Clinical Research Ethics Com-
mittee of Marmara University and the Ministry of Health (autho-
rization codes: 09.2021.572 and 2021-4-17T21-22-22).
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2.8. Funding

The Turkish Society of Dermatovenereology provided the fund-
ing for this study.

3. Results
3.1. Demographics

Among 183 individuals that were screened, 89 patients with
psoriasis and 40 controls with a median age of 46 and 47 years,
respectively, were included (Fig. 1). The groups were similar in
sex, age, body mass index and vaccine type (p > 0.05). More of
the patients with psoriasis were smokers compared to the controls

(p = 0.029). At the time of vaccination, 33.7 % (n = 30), 31.5 %
(n=28),27%(n=24),11%(n=1),11%(n=1)and 56 %
(n = 5) were using anti-TNFo, ustekinumab, anti-IL17, risankizu-

mab, spesolimab and methotrexate, respectively. The demographic
features, treatment and vaccination status of the study population
are shown in Table 1.

3.2. Seropositivity with CoronaVac

All the participants (n = 70, 44 psoriasis and 26 controls) devel-
oped seropositivity (100 %). The median (25th-75th percentiles)
anti-SARS-CoV-2 spike antibody titers of the patients with psoria-
sis and the controls were 57.92 U/mL (8.6-152.8 U/mL) and 125.4
U/ml (54.6-347.5U/mL), respectively. The patients with psoriasis
developed significantly lower antibody levels than the controls
(p = 0.012). High titer anti-SARS-CoV-2 spike antibodies (>132 U/
mL) qualifying for convalescent plasma donation were found

Psoriasis patients screened
(n=131)

Excluded from the study because of
baseline serum IgG reactivity

(n=10)

Unvaccinated patients
(n=10)

Developed COVID-19
(n=6)

Lost to follow up
(n=16)

l

Included in the

analysis
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among 25.6 % and 50 % of the patients with psoriasis and the con-
trols, respectively (p = 0.039) (Fig. 2).

Neutralising antibody titers were studied in 37 patients and 21
controls. The median (25th-75th percentiles) titers were 1/6 (1/4-
1/24) and 1/32 (1/12-1/48) for the patients with psoriasis and the
controls, respectively. The patients had significantly lower neutral-
ising antibody titers than the controls (p = 0.005). Also, a lower
proportion of the patients (11/37, 29.7 %) had neutralising anti-
body levels above 1/20 compared to the controls (14/21, 66.7 %)
(p = 0.006). None of the patients but one of the controls (4.8 %)
achieved suitable antibody levels for convalescent plasma dona-
tion (Fig. 2). The serologic responses are shown in Table 2.

3.3. Seropositivity with Pfizer-BioNTech mRNA vaccine

All the participants (n = 59, 45 psoriasis and 14 controls) devel-
oped seropositivity (100 %). The median (25th-75th percentiles)
anti-SARS-CoV-2 spike antibody titers of patients with psoriasis
and controls vaccinated with Pfizer-BioNTech mRNA vaccine were
2,080 U/mL (708.8-4,765.25 U/mL) and 2,976.5 U/mL (1,723.5-
4,564.75 U/mL), respectively. The difference between the groups
was statistically insignificant (p = 0.438). High-titer SARS-CoV-2
anti-spike antibodies (>132 U/mL) suitable for convalescent
plasma donation were found in 95.2 % and 100 % of the patients
and the controls, respectively (p = 0.406) (Fig. 2). The use of ustek-
inumab (35.5 %), IL-17 inhibitors (33.3 %) and anti-TNFo (28.9 %)
had comparable odds for developing high-titer seropositivity.

Among 46 patients with psoriasis and 14 controls who had neu-
tralising antibody assay, the median (25th-75th percentiles) titers
were 1/96 (32-288) and 1/160 (64-288), respectively (p = 0.424).
Also, the frequency of developing neutralising antibody levels

Controls screened
(n=52)

~
Excluded from the study because of
baseline serum IgG reactivity

(n=2)

‘ Developed COVID-19
} (n=4)

Lost to follow up
(n=6)

l

Included in the

analysis

Fig. 1. Flow diagram of the study.
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Table 1
Demographic features of the study population.
Patients Controls p value
Sex (n)
Female /Male 32/57 20/20 0.133
Age
Median (25"-75" percentile) 46.0 (39.0-56.0) 47.0 (33.0-57.5) 0.484
Body mass index
Median (25"-75" percentile) 28.1 (25.0-30.4) 26.5 (23.7-30.3) 0.147
Smoking status (n) (%)
Never smoked 51 (57.3) 21 (63.6)
Current smoker 33 (37.1) 6 (18.2) 0.029
Ex-smoker 5(5.6) 6 (18.2)
PASI score
Median (Range) 2.4 (0-9.6)
Disease duration (years)
Median (Range) 18.5 (7-41)
Treatment at the time of Anti-TNF (n=30)
vaccination e Infliximab (n=13)*
e Adalimumab (n=13)
e Certolizumab (n=3)
e Etanercept (n=1)
Anti- IL17 (n=24)
e Secukinumab (n=13)**$§
e Ixekizumab (n=11)
Ustekinumab (n=28)***
Risankizumab (n=1)
Spesolimab (n=1)
Methotrexate (n=5)
Vaccine type (n) (%)
CoronaVac 44 (49.4) 26 (65.0) 0.073
Biontech mRNA 45 (50.6) 14 (35.0)

All but 3 patients were using biologics at the recommended dose and interval: *Infliximab infusions were done every 3 months in 1 patient, **secukinumab
was used every 2 weeks in 1 patient, %1 patient used leflunomide concomittantly with secukinumab, ***ustekinumab was used every 14 weeks in 1 patient.

above 1/20 was similar among the groups (84.8 % vs 85.7 %,
p = 0.93). Following vaccination, 30.4 % and 50 % of the patients
with psoriasis and the controls achieved high neutralising antibody
levels (>1/160), qualifying for convalescent plasma donation.
Intergroup difference was insignificant (p = 0.120) (Fig. 2). Regard-
ing the treatment, patients using ustekinumab performed best (40
%), followed by those using anti-TNFa (18.2 %) and IL-17 inhibitors
(10 %) in terms of high-titer seropositivity.
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3.4. Impact of immunomodulatory treatments on seropositivity and
protection

Pfizer/BioNTech mRNA vaccine-induced remarkably higher
antibody responses than CoronaVac in both groups (Figs. 3, 4). In
addition, the immunogenicity of the Pfizer/BioNTech mRNA vac-
cine among patients using various biological agents and
methotrexate was not different from the controls. In contrast,
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Eighty-nine psoriasis cases were followed-up for a mean of
191 days (SD = £ 30.61, range = 100-280). Notably, nine (10.1 %)
COVID-19 cases - three vaccinated with CoronaVac, five vaccinated
with Pfizer-BioNTech mRNA, and one with two doses of CoronaVac
and a subsequent dose of Pfizer-BioNTech mRNA vaccine were
identified, and all had mild disease (Table 3).
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tered CoronaVac and Pfizer-BioNTech mRNA vaccines, respectively.

Fig. 4. Neutralising antibody titers after 2 doses of each vaccine in patients and
controls.

Table 2
Antispike and neutralising antibody levels in patients under biologics and controls.

Coronavac Biontech mRNA Coronavac Biontech mRNA
n median n median n median n median
(25th-75th percentile) (25th-75th percentile) (25th-75th percentile) (25th-75th percentile)
Anti-TNF 20 30.7 9 709.1 18 7 11 64
(2.87-122) (507.6-3964.5) (4-24) (16-512)
Infliximab 11 8.21 11 6
(1.35-34.2) (4-8)
Adalimumab 7 121.8 5 12 6 80
(8.6-160.5) (4-24) (14-576)
Anti-IL-17 12 121.08 9 2010 11 16 10 112
(40-342.47) (1041.5-3031) (6-48) (32-128)
Secukinumab 7 50.6 7 16
(36.6-167.6) (6-48)
Ixekizumab 5 394.3 5 2720 6 128
(105.36-542) (1359-3031) (80-352)
Ustekinumab 11 36.84 16 2075.5 7 4 16 96
(11.07-114.5) (830.4-7603.75) (4-4) (28-448)
Controls 26 125.4 14 2976.5 21 32 14 160
(54.6-347.5) (1723.5-4564.75) (12-48) (64-288)

*p < 0.05 compared to controls. Cells containing < 5 patients were not included in the table.
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Table 3
Vaccination and treatment status of psoriasis patients developing COVID-19.

Vaccine 41 (2023) 4287-4294

Patient no Vaccine Type Medication anti-SARS-CoV-2 Spike antibody titer Neutralizing antibody titer (1/)
(U/mL) -

1 CoronaVac USTEKINUMAB NA 36.84
2 CoronaVac IXEKIZUMAB 32 396.3
3 CoronaVac METHOTREXATE 64 1234
4 BioNtech mRNA USTEKINUMAB 24 796.5
5 BioNtech mRNA ADALIMUMAB 8 709.1
6 BioNtech mRNA SECUKINUMAB 32 1375
7 BioNtech mRNA USTEKINUMAB 128 2398
8 BioNtech mRNA USTEKINUMAB 48 1206
9 “Both IXEKIZUMAB 4 57.9

" Two doses of CoronaVac and one dose of BioNtech mRNA, NA: not available.

Table 4
Adverse effects of Coronavac and Biontech mRNA vaccines.

Coronavac (n = 70)

Biontech mRNA (n = 59) Total

Local adverse effects
Systemic adverse effects
Psoriasis flare

5/70 (7.1 %)
2/70 (2.9 %)
1/44 (23 %)

28/59 (47.5 %)
15/59 (25.4 %)
5/45 (11.1 %)

33/129 (25.6 %)
17/129 (132 %)
6/89 (6.7 %)

Systemic adverse effects (headaches, fever, fatigue) were observed
among 14 (15.7 %) patients with psoriasis and 2 controls (5 %) and
were caused by CoronaVac and Pfizer-BioNTech mRNA vaccines in
2 and 15 participants, respectively.

Psoriasis flare was seen in 6.74 % (6/89) of the patients, five of
whom had generalised plaque psoriasis. The flare was seen 2-
4 weeks following vaccination with either dose. CoronaVac caused
flare in one patient, while Pfizer-BioNTech mRNA caused flare in
four patients. Another patient with generalised pustular psoriasis
(GPP), who had stable disease, developed flare seven days after
the second dose of Pfizer-BioNTech mRNA vaccine, with a GPP
severity score of 10, indicating a moderate severity [20]. The
adverse events are shown in Table 4. All the patients were man-
aged by adjuvant topical agents or up-dosing of biologic
medication.

4. Discussion

Our study found that a two-dose vaccine schedule of both Cor-
onaVac and Pfizer-BioNTech mRNA vaccines resulted in an
immune response in all the participants, while the mRNA vaccine
induced remarkably higher immunogenicity. We demonstrated a
diminished serologic response to CoronaVac in patients with pso-
riasis compared to the controls, whereas vaccination with Pfizer/
BioNTech mRNA induced a robust response in both groups. Both
vaccines provided good efficacy against symptomatic SARS-CoV-2
infection along with a good safety profile in patients with psoriasis.
Although breakthrough infections were seen in 10.1 % of the
patients, they were mild, and none required hospitalisation.
Adverse effects were remarkably high among the participants
who received the Pfizer/BioNTech mRNA vaccine. Further, psoriasis
flare was induced mostly by Pfizer/BioNTech mRNA.

The immune response to a recommended two-dose regimen of
the Pfizer/BioNTech mRNA vaccine was strikingly higher than Cor-
onaVac and comparable among the study groups. The rate of
patients that developed high titer SARS-CoV-2 anti-spike and neu-
tralising antibodies were 95.2 % and 30.4 %, respectively, indicating
that patients with psoriasis can serologically respond to the Pfizer/
BioNTech mRNA vaccine like the controls. Since our study investi-
gated the immunogenicity of COVID-19 vaccines in patients with
psoriasis following a two-dose regimen, the studies we could com-
pare our results with are limited. Recently, Mahil et al. reported a
weakened immune response in patients with psoriasis receiving

biologics or methotrexate following the first dose of the Pfizer/
BioNTech mRNA vaccine [21]. Nevertheless, patients with autoim-
mune diseases who failed to mount an antibody response to the
first Pfizer/BioNTech mRNA dose have been shown to respond sim-
ilarly to comparators following the second dose [22]. In a study
with a similiar design to ours, Marovt et al investigated anti-
spike antibody response to BNT162b2 (Pfizer/BioNTech) vaccine
4 weeks after the second dose in 32 patients with psoriasis treated
with various biologics and 22 controls. Although seroconversion
rates were similar, psoriasis patients had significantly lower anti-
body titers than controls with no difference across TNF, IL-12/23,
IL-17 and IL-23 inhibitor users [23]. However, in a different study
by Megna et al, IgG antibodies to COVID-19 spike protein was
detected at approximately 4 weeks after the second dose of mRNA
vaccine in 44 patients with psoriasis under biologics and 57 con-
trols and no statistically significant difference was found in mean
antibody levels between the groups [24]. In another study, Graceffa
et al investigated anti-SARS-CoV-2 spike IgG titers following three
doses of BNT162b2 in 45 psoriatic patients on biologic treatments
and 45 controls. Similarly, a statistically significant increase in
antibody titers with no significant differences between patients
and controls were reported. Concomittant use of methotrexate
was shown to negatively influence the vaccine response [25].
Several studies have shown lower seropositivity rates following
two doses of COVID-19 mRNA vaccines in patients with IMIDs
[1,26]. Although methodological heterogeneity and the inclusion
of a small number of patients with psoriasis in these studies make
it difficult to generalise the results, the data point to a better
response in patients with psoriasis and psoriatic arthritis com-
pared to autoimmune rheumatologic inflammatory diseases [26].
We found high seroconversion rates but lower anti-spike and neu-
tralising antibodies’ levels in patients with psoriasis compared to
the controls after CoronaVac administration. Further, the chances
of developing high antibody levels were lower in patients with
psoriasis who received CoronaVac. These findings indicate a weak
immunogenicity of the inactivated vaccine in patients with psoria-
sis. Our results are consistent with the findings of Seyahi et al., who
found lower anti-spike antibody responses in patients with IMIDs
following two doses of CoronaVac [27]. A weaker immunogenicity
of inactivated COVID-19 vaccines than the mRNA counterparts is
well documented [28]. National Psoriasis Foundation had
recommended that patients with psoriatic disease receive an
mRNA-based COVID-19 vaccine as soon as it became available
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[29]. Nevertheless, due to the limited availability of the mRNA vac-
cine, several vaccines approved for emergency use by WHO are
being used widely. Booster doses, as recommended by the Center
for Disease Control, can be applied when possible to overcome this
challenge.

Treatment with biologic agents had variable effects on
immunogenicity, with adalimumab, secukinumab and ixekizumab
not impairing the serological response to either vaccine. Neverthe-
less, patients using infliximab had significantly weakened anti-
SARS-CoV-2 spike and neutralising antibody responses following
CoronaVac administration. Current data are inconclusive on the
impact of biological agents on vaccine response. Several studies
have shown an impaired vaccine response in patients using ritux-
imab, methotrexate and JAK inhibitors and satisfactory responses
in those using anti-TNFa, anti-IL-12/23 and anti-IL-17 agents
[30]. In contrast, altered responses to anti-TNFa agents have been
shown in various studies. In a survey of 4685 patients with inflam-
matory bowel disease who were using infliximab, significantly
attenuated serological responses to SARS-CoV-2 infection were
found [31]. Mahil et al. reported lower levels of anti-spike antibod-
ies following one dose of mRNA-based COVID-19 vaccine in 84
patients with psoriasis who were receiving TNF inhibitors (79 %)
and IL-23 inhibitors (83 %) compared to the controls (100 %) [21].
Furthermore, lower antibody titers that decayed faster after two
doses of COVID-19 vaccine among patients using infliximab have
been reported [32]. Impaired and shorter serological response is
claimed to lead to chronic nasopharyngeal colonisation that may
act as a reservoir for persistent transmission and the evolution of
new SARS-CoV-2 variants. As the pandemic is ongoing and new
variants can evade vaccine-based immunity, the use of infliximab
should be carefully assessed in patients with psoriasis who can
be treated with other biologics with a better safety profile [33].

We found a breakthrough infection rate of 10.1 % within a mean
follow-up period of 191 days among the patients with psoriasis. In
a recent study conducted in Israel by Bergwerk et al.,, COVID-19
breakthrough infections among health care workers that were fully
vaccinated with two doses of Pfizer/BioNTech mRNA vaccine were
investigated. The authors reported a breakthrough infection rate of
2.6 % among 1497 individuals who underwent RT-PCR testing dur-
ing the four months after the second vaccine dose. Even though
they captured asymptomatic cases, which constituted 33 % of all
their cases, the rate reported by Bergwerk et al. is remarkably
lower than ours [34]. One explanation may be the impairment of
T-cell function, which is essential for antiviral immunity, due to
anticytokine or methotrexate treatments in patients with psoriasis.
A recent study showed that patients using biologics had a signifi-
cantly lower T-cell response to SARS-Cov-2 compared to the con-
trols (74 % and 100 %, respectively) [21]. Another explanation
may be the weaker response induced by CoronaVac, which was
used to vaccinate 49.3 % of the patients with psoriasis in this study.

Vaccine-related adverse events were significantly more com-
mon with the Pfizer/BioNTech mRNA vaccine than the CoronaVac
vaccine. In line with our findings, a recent phase 4 study of Corona-
Vac among patients with autoimmune rheumatic diseases revealed
less frequent adverse effects with CoronaVac compared to the
reported frequency with mRNA vaccines [6]. Among the adverse
effects observed in this study, local reactions such as pain and red-
ness and constitutional symptoms such as fatigue, headaches and
fever were the most common. No anaphylaxis or life-threatening
adverse effects were seen. These findings are consistent with clin-
ical studies and real-world data, reassuring the safety of the vacci-
nes [5,35]. Nonetheless, studies aiming to investigate the long-
term safety of available vaccines, especially mRNA vaccines, are
needed.

We found psoriasis flare among 6.74 % of our patients. The evi-
dence of the impact of COVID-19 vaccines on psoriasis severity is
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limited to a few case reports, and our study is the first to investi-
gate psoriasis flare prospectively in a representative cohort
exposed to different vaccines. Recently, plaque psoriasis following
the first or second dose of mMRNA and Oxford-AstraZeneca/
Covishield vaccines was reported [36,37]. Also, two cases with
the exacerbation of GPP with mRNA and CoronaVac have been
reported [38,39]. Although we have seen a higher frequency of pso-
riasis flare following Pfizer/BioNTech mRNA vaccination, the num-
ber of events is small to make a comparison between vaccines.
Given that the COVID-19 pandemic is ongoing and new variants
are emerging, the risk of psoriasis flare should be given close
attention.

4.1. Strengths and limitations

Our sample size was limited to make definitive conclusions on
the impact of different biologics on seropositivity, and the persis-
tence of antibodies in the long term was not investigated. Also,
since only symptomatic cases of COVID-19 were analysed, the
reported protective efficacy of the vaccines is limited to symp-
tomatic patients. Another limitation is not testing cell mediated
immunity. Nevertheless, excluding previous COVID-19 exposure,
including a well-matched control group, using highly reproducible
immunogenicity assays, analysing the response to two different
vaccines with different technologies and assessing clinical efficacy
and adverse effects are the main strengths of this study.

5. Conclusion

This study provides evidence for serological response in all
patients with psoriasis who are being treated with biological
agents and methotrexate following a two-dose mRNA vaccine reg-
imen and a weaker response with the inactivated vaccine. Inflix-
imab use was found to reduce immunogenicity among the
patients. Breakthrough infections, which carry an infectious poten-
tial, were common among the patients. Side effects and disease
flare were rare and nonserious, reassuring vaccine safety in this
vulnerable group. These findings support the recommendation of
the National Psoriasis Foundation that all patients with psoriasis
should be vaccinated without withholding their biological treat-
ment. Vaccination should be encouraged as part of routine clinical
care, and further studies aiming to investigate the longevity of
vaccine-elicited immunity should be carried out.
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