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Histopathological analysis of skin reactions after coronavirus
disease 2019 vaccination: Increment in number of infiltrated
plasmacytoid dendritic cell
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Abstract

Skin disorders are frequent adverse events after coronavirus disease 2019 (COVID-19)
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vaccination. However, the pathogenesis of these disorders is not fully understood.
Here, we report a case series of cutaneous adverse events following COVID-19 vacci-
nation, and the results of our investigation reveal the underlying mechanism. Case 1: a
47-year-old female developed a wheal, confined to the COVID-19 vaccination site, 2 days
after her first injection. She was treated with topical steroids and oral antihistamines.
Case 2: a 51-year-old female showed generalized petechial erythema accompanied by
fever, genital bleeding, thrombocytopenia, liver dysfunction, and disseminated intravas-
cular coagulation, 2days after her second injection. She was diagnosed with vaccine-
induced macrophage activation syndrome and treated with anti-inflammatory therapy.
Immunohistological analysis of the skin eruption, in both these cases, showed infiltration
of CD123* BDCA2" plasmacytoid dendritic cells (p-DC). Despite the distinctive clinical
features in these two cases, this finding suggests that p-DC might be involved in different

cutaneous adverse events after COVID-19 vaccination.
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1 | INTRODUCTION

According to a report from the Ministry of Health, Labor, and
Welfare of Japan, the total number of Japanese patients with coro-
navirus disease 2019 (COVID-19), up until November 2021, was ap-
proximately 1.72 million.! As of the end of November 2021, the total
number of COVID-19 vaccinations was approximately 197 000.2
Of these, the estimated number of inoculations with Comirnaty
(BNT162b2), in Japan, was 155454 673 with 14931 (0.01%) adverse
reactions reported. The main adverse systemic reactions reported
are headache, general malaise, runny nose, and fever, whereas the
main adverse local reactions are redness, swelling, induration, pain,
heat, and itching. Adverse reactions are more common in young peo-
ple and women. The number of reports by symptom was 56 144, of

which 7967 cases were related to skin disorders.® The mechanism by
which adverse reactions occur is still obscure but is thought to mimic
the immune response to coronaviruses.*® In this report, two cases
with cutaneous adverse events, following BNT162b2 vaccination,

were studied histopathologically.

2 | CASE REPORTS

21 | Casel

A 47-year-old female without past medical history received the
initial dose of BNT162b2, i.m., in her left deltoid region. Two days
after the injection, the same area developed a wheal without any
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other complicating symptoms (Figure 1a). She was treated with topi-
cal betamethasone butyrate propionate and systemic fexofenadine
hydrochloride. The skin disorder disappeared 9 days after the inocu-
lation, and she received the second vaccination dose without expe-
riencing further adverse events.

2.2 | Case2
A 51-year-old female without past medical history received the ini-
tial dose of BNT162b2, i.m., in her deltoid region. Two days after the
first injection, she noticed genital bleeding. Two days after the sec-
ond injection, she again experienced genital bleeding accompanied
by a fever of 38.3°C. She was admitted to hospital with thrombocy-
topenia and petechial erythema (Figure 1b,c). The results of labo-
ratory analyses were as follows: white blood cell count, 3200/pL;
platelet count, 8.3><104/pL; hemoglobin, 14.0 g/dL; red blood cell
count, 4.8x10%/uL; aspartate aminotransferase, 112U/L; alanine
aminotransferase, 36 U/L; alkaline phosphatase, 57 U/L; y-glutamyl
transpeptidase, 13U/L; total bilirubin, 0.4 mg/dL; lactate dehydro-
genase, 1016 U/L; blood urea nitrogen, 4 mg/dL; creatinine, 0.62mg/
dL; C-reactive protein, 6.21 mg/dL; prothrombin time-international
normalized ratio, 1.05; fibrin degradation products, 57.9 pg/mL; b-
dimer, 26.1pg/mL; fibrinogen, 305mg/dL; ferritin, 11970ng/dL;
haptoglobin, 209.5 pg/dL; soluble interleukin-2 receptor, 1415U/
mL; antinuclear antibody, 1:80; and rheumatoid factor, 5.0 IU/mL.
The patient was diagnosed with disseminated intravascular coag-
ulation (DIC) according to genital bleeding, thrombocytopenia, and
elevated fibrinogen degradation products. Ferritin was also elevated
at 11970ng/dL, but adult Still's disease was ruled out because of a
lack of spike fever or arthralgia. Antinuclear antibodies and rheu-
matoid factor were both negative, and there was no genetic muta-
tion in MEFV, NLRP3, TNFAIP3, MVK, or TNFRSF1A, which are genes
responsible for autoinflammatory diseases. Finally, the patient was

FIGURE 1 (a)Clinical feature of case 1. A 5.0x 3.5 cm wheal
was observed on the left upper arm. (b, ¢) Clinical feature of case
2. Petechial erythema was observed on both thighs that, within

4 days, spread to the inguinal regions, the popliteal fossae, and the
dorsal hands
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considered to have macrophage activation syndrome (MAS) in which
vaccination triggered excessive cytokine production. Consequently,
she was administered both high-dose intravascular immunoglobulin
therapy and i.v. administration of methylprednisolone sodium succi-
nate. During the next 3days, her fever subsided and the skin mani-
festation disappeared.

Histopathological analysis was performed of a skin sample of
the local injection site and erythema of the right dorsal hand, distant
from the local injection site, derived from cases 1 and 2, respectively.
Therefore, we initially anticipated that the pathological findings of
cases 1 and 2 would represent the direct and indirect responses to vac-
cination, respectively. Both histopathological examinations showed
spongiform changes in the epidermis, liquefaction degeneration, and
infiltration of mainly lymphocytes in the stroma and perivascular areas
of the upper dermis (Figure 2a-d). In both cases, the predominant in-
flammatory cells were CD4* T lymphocytes (Figure 2e-j). Notably, the
number of infiltrating lymphocytes, which were immunohistochemi-
cally positive for CD123 and BDCA2, markers of plasmacytoid den-

dritic cells (p-DC), was increased in both skin samples.
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FIGURE 2 (a) Histopathological feature of case 1. Perivascular
lymphocytic infiltration was found (hematoxylin-eosin [HE],
original magnification x100). (b) In the epidermis, spongiosis

and liquefaction degeneration were observed (HE, x400). (c)
Histopathological feature of case 2. Perivascular lymphocytic
infiltration was found (HE, x100). (d) In the epidermis, spongiosis
was observed (HE, x400). (e-g) Immunohistochemical staining
of case 1 for (e) CD3, (f) CD4, and (g) CD8 (x200). (h-j)
Immunohistochemical staining of case 2 for (h) CD3, (i) CD4, and
(j) CD8 (x200). In both cases, the inflammatory cells were CD4-
dominant T lymphocytes
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3 | DISCUSSION
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The most frequent adverse events reported following mRNA
COVID-19 vaccination are delayed diffuse local reactions, local in-
jection site reactions, urticaria, and disseminated maculopapular
erythematous-type eruptions.® Our cases presented with typical
cutaneous reactions. In both cases, pathological findings showed
intraepidermal spongiosis, liquefaction degeneration, and dermal in-
filtration by lymphocyte-dominant inflammatory cells. These mani-
festations are consistent with the findings of McMahon et al.”

The pathogenesis of cutaneous adverse events, following
COVID-19 vaccination, is caused by an immune response similar
to that elicited by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. When the virus enters the body, Toll-like
receptors (e.g., TLR3 or 7/8) on the surface of p-DC recognize viral
mRNA and produce type | interferon (IFN-I).% It has been suggested
that excessive production of IFN-I may cause the side-effects of
the vaccine, such as fever, headache, myalgia, and general malaise.”
Indeed, myxovirus-resistance protein 1-exposed skin-derived IFN-I
is a cause of skin disorder after COVID-19 vaccination.*

In the present cases, we performed staining for CD123 and
BDCA-2, markers of p-DC, in the dermis. Cells positive for both
markers were considered p-DC. We detected 90 p-DC/field (x300)
in case 1 and 32 p-DC/field (x300) in case 2 (Figure 3). The num-
bers of p-DC in our two cases were elevated based on the numbers
of p-DC in HIV-associated psoriasis and psoriasis vulgaris reported
by Kuwatsuka et al.™* Nevertheless, direct comparison of our data
and these previously reported data should only be regarded as a
guide. The clinical features in the two cases reported were clearly

FIGURE 3 Merged immunofluorescence staining view of CD123
(red) and BDCAZ2 (green). CD123 and BDCAZ2 double-positive cells
in the dermis reflect dermal plasmacytoid dendritic cells (p-DC).

(a) Case 1 showed 56 p-DC/field (x300). (b) Case 1, enlarged view
of the square in (a). (c) Case 2 showed 23 p-DC/field (x300). (d,e)
Case 2, enlarged view of the square in (c). Three, random, x300
microscopic fields were examined

distinguishable from each other: case 1 developed only a cutaneous
manifestation, whereas case 2 was accompanied by serious systemic
symptoms. Although we cannot explain why the systemic manifes-
tation (e.g., MAS) was severe in case 2, the prominent infiltration of
p-DCin erythema suggested the possible pathogenic contribution of
anomalous activation of p-DC in this case. Furthermore, a patholog-
ical study of “COVID-toes” lesions showed that p-DC infiltrate the
perivascular and perieccrine sweat gland of the mid-dermis.'? It can
be speculated that cutaneous adverse events following COVID-19
vaccination could be the result of an immune response that mimics
the response seen following SARS-CoV-2 infection. We propose that
p-DC infiltrate the skin, as a cutaneous response to the COVID-19
vaccine, where they produce IFN-I, which elicits skin disorders.

Recently, COVID-19 vaccination has been widely implemented
worldwide; consequently, the number of cases of post-vaccination
skin disorders has increased. As there remains the possibility that
skin reactions could be due to treatment with systemic, non-steroidal
anti-inflammatory agents, we should distinguish the type of skin dis-
order by its etiology. To our knowledge, this is the first report to ex-
amine, histopathologically, p-DC in COVID-19 vaccine-induced skin
manifestations. In the future, further investigation of p-DC in drug
eruption or viral exanthems may help determine whether rashes are
caused by vaccination. Further cases are needed to establish the
clinical significance of p-DC.
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