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During the coronavirus disease 2019 (COVID-
19) pandemic, vaccines help control the spread of in‐
fection. To date, 47 vaccines have been approved, 
with another 227 candidates in various stages of de‐
velopment. In the short period of time since the begin‐
ning of their use, evidence has begun to emerge of 
complications following vaccination in the form of 
the development or exacerbation of a number of patho‑
logical conditions (Block et al., 2022; Haseeb et al., 
2022). For example, a population-based study in 
France identified 1612 cases of myocarditis and 1613 
cases of pericarditis requiring hospital treatment within 
five months of vaccination (le Vu et al., 2022).

One type of complication is vitiligo. Vitiligo is an 
acquired chronic disease that affects between 0.06% 
and 2.28% of the general population (Krüger and 
Schallreuter, 2012). This article presents all known 
vitiligo cases published in scientific journals after 
COVID-19 vaccination, as well as our own case of 
autoimmune damage to melanocytes, and aims to dis‐
cuss the possible causes of this process in more detail.

Here, we report a second case of vitiligo after 
using a nonreplicating viral vector vaccine. A 35-year-
old man presented us with a 13-month history of well-
defined, oval-to-linear, milky-white spots on his neck, 
chest, back, and shoulders (Fig. 1). The spots first ap‐
peared one month after the second dose of the nonrep‐
licating vector vaccine Gam-COVID-Vac “Sputnik V” 

(Center Gamaleya) on the back of the neck in summer 
(as of Aug. 18, 2021). For six months afterwards, the 
spots did not increase in number or size. Then, after 
suffering mild COVID-19 and intense sun exposure, 
as of Feb. 24, 2022, the spots from the neck spread to 
the upper back, but the spots did not increase further, 
and no new spots appeared. In September of the same 
year, extensive spreading of spots on the sides of the 
neck, back, shoulders, and upper chest began. The 
spots began to grow and merge. The patient indepen‐
dently applied 1% (mass fraction) hydrocortisone 
ointment once a day for 7 d, but this did not stop the 
process from spreading. Then, the patient began using 
0.1% (mass fraction) tacrolimus ointment once a day. 
This began to stop the development of large spots, but 
there were still small new lesions on the lower back, 
sides of the shoulders and forearms, after which the 
patient sought medical help. The patient was sched‐
uled for tests for thyroid-stimulating hormone and thy‐
roid hormones, thyroperoxidase antibodies, and corti‐
sol. As of Oct. 19, 2022, the patient was found to 
have an elevated cortisol level of 723 nmol/L (the 
norm is 171‒536 nmol/L), the concentrations of the 
other hormones were normal, and there were no anti‐
bodies to thyroperoxidase. After 14 d of taking tacroli‐
mus, the development of vitiligo stopped. There was 
no family history of vitiligo, and the patient had never 
suffered from it before. The white spots were clinically 
consistent with vitiligo and were examined under 
Wood’s lamp, confirming the diagnosis by the milky-
white colouration of the spots. Three months later, the 
patient came in for an appointment. The patient showed 
repigmentation of the lesions (Fig. 1).
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We obtained the patient’s informed consent for 
the publication of his case (images, medical history, 
and laboratory data). To the best of our knowledge, 
this is the 12th case of vitiligo associated with COVID-
19 vaccination (Table 1).

Table 1 shows all described cases of vitiligo 
after COVID-19 vaccination. Interestingly, among all 
the above cases of vitiligo, including the one described 
by us, nine cases (75.0%) developed after immuniza‐
tion with messenger RNA (mRNA) vaccines. In 50.0% 
(six cases), there were lesions of the neck and upper 
back first, which later spread to the face and other 
parts of the body. In 16.7% (two cases) of observa‐
tions, there were lesions only on the face, and in 33.3% 
(four cases), there were lesions on the back side of the 
hands. Lesions of the neck or upper back are not typ‐
ical for vitiligo; in contrast, vitiligo most often affects 
the fingers, hands, and face (Speeckaert and van Geel, 
2017). In 83.3% of cases, vitiligo was not present in 
family history. There are also a number of known 
cases of vitiligo after COVID-19 (Herzum et al., 2022; 
Schmidt et al., 2022).

To date, the etiopathogenesis of vitiligo is still 
debated, but there is evidence of an autoimmune 
process mediated by T cluster of differentiation 8-
positive (CD8+ ) cells, where oxidative stress is the 

trigger. Immune activation by vaccination or during 
COVID-19 disease may trigger the development of 
vitiligo disease by shifting to adaptive type 1 (CD8+ 
and interferon-γ (IFN-γ)-producing T cells) immune 
responses (Post et al., 2021). However, it is not yet 
clear how autoreactivity of T cells develops and what 
is the relationship between age and the incidence of 
vitiligo, and we will try to answer these questions in 
this article.

For further discussion of this problem in the pre‐
sented work, we provide the main links of the T-cell 
mechanism of pathogenesis. The disease occurs as 
a disruption of the immune system and melanocyte 
function, which leads to the induction of autoimmunity.

Link 1: Effects of trauma, stress, depression, acute 
and chronic infection, vaccination, cytostatics, and 
age-related involution of the thymus. All of these fac‐
tors lead to inhibition of thymic function through nega‑
tive feedback of corticosteroid levels (Ashwell et al., 
2000; Huda et al., 2019) and sex hormones (Dumont-
Lagacé et al., 2015; Paolino et al., 2021). Cortisol 
values and subsequent immune impairment are particu‐
larly high in patients with depression, which has a high 
prevalence among older adults (Duggal et al., 2015).

Link 2: Limitation of alternative mRNA splicing 
in the thymus leads to a “vulnerability” in the negative 

Fig. 1  Vitiliginous lesions at the time of treatment and after three months. (a) White spots on the left side of the neck and 
body; (b) White spots on the right side of the neck and body; (c) White spots on the back and neck; (d) White spots on 
chest and shoulders; (e) White spots on left neck, chest, and shoulder.
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selection system. This occurs due to a decrease in the 
number of autologous peptides presented by thymic 
epithelial cells on major histocompatibility complex 
(MHC) molecules, which leads to the impossibility of 
subsequent apoptosis of thymocytes exhibiting a suffi‐
ciently high affinity to such autoantigens (Carter et al., 
2022). As a result, autoreactive T cells specific to those 
isoform-specific epitopes that were not formed in the 
thymus or were presented there in insufficient quan‐
tities can survive and subsequently exit the thymus 
(Shilov et al., 2019).

Link 3: Disruption of negative selection of auto‐
reactive cells during T-cell maturation in the thymus 
and their migration to the periphery under the influ‐
ence of negative factors. In one lobe of the thymus, 
T cells mature into specialized disease-fighting cells 
with different functions (Daniels et al., 2006). How‐
ever, only approximately 2% eventually undergo posi‐
tive and negative selections and are further exposed to 
thymic hormones to complete maturation. The mature 
T cells then exit the thymus to perform their protect‑
ive functions in organs and tissues (Thapa and Farber, 
2019). Disruption of this process is due to thymus 
degradation occurring when cortisol levels increase 
through feedback. In turn, thymus degradation leads 
to a significant release of autoreactive T cells, which 
subsequently mature in various peripheral tissues 
(Baecher-Allan et al., 2001; Barthlott et al., 2005). 
The process of T-cell maturation is accompanied by 
the expression of MHC class I chain-related protein 
A/B (MICA/MICB) molecules in the outer layer of 
Hassall’s corpuscles of the medulla of normal thymus. 
In thymomas, MICA/MICB is overexpressed in the 
epithelial cells of the cortex and medulla of the thy‐
mus, which impairs their maturation. It is also known 
that in thymomas, there is an increase in the number 
of less mature T cells characterized by a reduced level 
of natural killer (NK) group 2D (NKG2D) expression 
(Hüe et al., 2003). Thus, it is evolutionarily established 
that immature autoreactive T cells have less ability to 
recognize MICA/MICB pathological cells, and in the 
absence of triggers, they remain inactive.

Link 4: Melanocyte oxidative stress triggers an 
immune attack. Exposure of melanocytes to ultravio‐
let light leads to the formation of reactive oxygen spe‐
cies (ROS), which creates oxidative stress. This pro‐
cess triggers a cascade of reactions leading to the re‐
lease of damage-associated molecular pattern molecules 

(DAMPs) into the extracellular microenvironment, 
which are represented by melanocyte-specific neoanti‐
gens, inducible heat shock protein 70 (HSP70i), high-
mobility group box-1 protein (HMGB1), S100 calcium-
binding protein B (S100B), and mitochondrial DNA 
(Chen et al., 2021). These DAMPs bind to pattern rec‐
ognition receptors (PRRs), including Toll-like recep‐
tors (TLRs) and retinoic acid-inducible gene I (RIG-I)-
like receptors, and activate the innate immune system 
(Richmond et al., 2013). In turn, this leads to melano‐
cyte death and triggers adaptive immunity through 
cytokine/chemokine formation and antigen presenta‐
tion (Tulic et al., 2019). When T cells have not under‐
gone negative selection, these processes do not stop, 
creating a vicious cycle. The triggering of these sys‐
tems leads to a greater recruitment of autoreactive 
cells to the inflammation focus, resulting in increased 
release of DAMPs, which interact with dendritic cells 
(DCs), NK cells, innate lymphoid cells (ILCs), keratino‐
cytes, and melanocytes (Cui et al., 2019). In turn, 
enhanced delivery of melanocyte antigens to the MHC 
class II expressed on melanocytes enhances the im‐
munogenicity of normal melanocytes to autoreactive 
T cells (Chen et al., 2021).

DAMPs bind to the PRRs on DCs, triggering 
their maturation and antigen-presentation process (Jac‐
quemin et al., 2017; Cui et al., 2019). After DCs inter‐
act with DAMPs, they release a cytokine complex in‐
cluding IFN-α, interleukin-1β (IL-1β), and IL-18 (Jac‐
quemin et al., 2017). DAMPs lead to keratinocyte-
dependent recruitment of NK and melanocyte-specific 
CD8+ T cells through keratinocyte release of a wide 
range of cytokines and chemokines, including IL-1β, 
IL-8, C-X-C motif chemokine ligand 9 (CXCL9), 
CXCL10, and CXCL16 (Cui et al., 2019). MICA/
MICB expression is also increased by DCs. MICA/
MICB as well as DAMPs activates the NKG2D recep‐
tor expressed by NK cells, ILCs, and effector memory 
T (Tem) cells, which consequently secretes IFN-γ to in‐
duce chemokines and cytokines and triggers melano‐
cyte apoptosis with autoantigen release (Jacquemin 
et al., 2020). ILCs and NK cells express IFN-γ, and 
ILCs additionally produce the cytotoxic proteins per‐
forin and granzyme. ILCs and NK cells function to‐
gether as innate analogs of cytotoxic CD8+ T cells 
(Gordon et al., 2012). Nevertheless, the roles of ILCs 
and NK cells in autoimmune processes are still poorly 
understood.
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At the end of apoptosis, regulatory T cells (Tregs) 
should suppress autoreactive T cells. However, it is 
likely that signals from Tregs during the joint acti‐
vation of resident memory T (Trm), T helper (Th), and 
autoreactive CD8+ cytotoxic cells are insufficient, lead‐
ing to the recruitment of new autoreactive T cells 
(Chen et al., 2021), thus closing the “vicious circle.”

In support of the role of the thymus in the devel‐
opment of autoimmune melanocyte lesions, a computed 
tomography (CT) study of 597 patients found that 
increased fatty thymic replacement occurs with age 
(Drabkin et al., 2018). Overlaying these data with the 
incidence of vitiligo after vaccination (Table 1), we 
found a correlation of R=−0.9245 (Fig. 2). In addition, 
a number of publications have reported autoimmune 
diseases, including vitiligo in thymomas (Nakamagoe 
et al., 2009; Qiao et al., 2011; Warren et al., 2015), in 
contrast to the preservation of immune function ob‐
served in long livers (Strindhall et al., 2007). This 
emphasizes that thymus dysfunction plays a major 
role in the pathogenesis of vitiligo.

Common transcription factor IIi encoded by the 
general transcription factor II-I (GTF2I) gene is known 
to be a thymoma-specific oncogene, and some of its 
single nucleotide polymorphisms are associated with 
autoimmune disease (Kim et al., 2016; Liu et al., 
2021). Mutation IIi of GTF2I leads to thymic epithe‐
lial cell transformation and overexpression of soluble 
growth factors, oncogenes, genes related to epithelial-
mesenchymal transition (EMT), and antiapoptotic 
genes amidst decreased production of cell adhesion 
molecules, tumor suppressors, and cell death inducers 
(Manti et al., 2022). It is possible that this marker may 
have clinical significance not only for the verification/
prognosis of thymoma but also for other diseases as‐
sociated with thymus dysfunction and should be as‐
sessed as part of a diagnostic plan for autoimmune 
diseases. Thus, one of the main causes of vitiligo de‐
velopment after vaccination is the disruption of the 
thymus under the influence of cortisol and sex hor‐
mones, where the main trigger is the oxidative stress 
of melanocytes. On the one hand, this emphasizes the 
importance of developing reliable diagnostic methods 
for this organ, which should be used together with the 
determination of cortisol and dehydroepiandrosterone 
levels. On the other hand, the need to develop therapeut‑
ic approaches aimed at normalizing the hypothalamic‒
pituitary‒adrenal axis responsible for cortisol and 

dehydroepiandrosterone levels, restoration of normal 
thymus functioning, and elimination of autoreactive T 
cells from the periphery.

One promising complex to reduce autoimmune 
complications after vaccination and disease may be a 
combination of dehydroepiandrosterone (DHEA) and 
vitamin D3. A systematic review and meta-analysis 
of 11 clinical trials found that patients with severe 
COVID-19 had higher cortisol levels than patients 
with mild to moderate COVID-19 (Amiri-Dashatan 
et al., 2022). It was also found that dehydroepiandros‐
terone sulfate (DHEA-S) levels and the DHEA-S/
cortisol ratio were significantly decreased in patients 
with increasing COVID-19 severity (Mahdavi et al., 
2021). In addition, the risk of COVID-19 mortality 
correlated with a high DHEA-S/cortisol ratio. A high 
DHEA-S/cortisol ratio is called relative hypercorti‐
solism (RHC). RHC predicts the severity and likeli‐
hood of death for community-acquired pneumonia and 
septic shock, which are the leading causes of death 
in COVID-19 (Cordell, 2020). DHEA, which affects 
cortisol concentration, maintains intracellular calcium 
homeostasis. The ratio of DHEA-S/cortisol determines 
the exon splicing of the calcium-sensitive big potas‐
sium (BKCa) channel. This channel exerts dominant 
control over cell polarization and the inner mitochon‐
drial membrane. DHEA increases the large-conductance 
BKCa sensitivity to calcium and thereby reduces 
calcium influx into the cell and mitochondrial mat‑
rix. The effect of maintaining intracellular homeo‐
stasis together with vitamin D-enhanced calbindin-D9k/
28k, magnesium, and andubiquinone provides protec‐
tion against mitochondrial calcium overload. In the 
absence of these key factors, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), similar to 
other viruses, disrupts intracellular calcium homeo‐
stasis, causing mitochondrial calcium overload in sus‐
ceptible hosts and leading to ROS accumulation (Amiri-
Dashatan et al., 2022).

A one-year pilot study, the TRIIM (Thymus Re‐
generation, Immunorestoration, and Insulin Mitiga‐
tion) trial, from 2015 to 2017, showed a pronounced 
thymic recovery effect when treated with human 
growth hormone in combination with metformin and 
DHEA (Fahy et al., 2019). After nine months, most 
participants had a greater thymic fat-free fraction, 
implying a restoration of thymic function. T-cell pro‐
duction and function improved, and it was demonstrated 
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Fig. 2  Mechanism of pathogenesis of autoimmune melanocyte damage in vitiligo after COVID-19 vaccination. The 
interaction between innate immune cells is drawn by black long-tailed arrows, and the interaction between adaptive 
immune cells is drawn by red. COVID-19: coronavirus disease 2019; UV: ultraviolet; ROS: reactive oxygen species; 
HMGB1: high-mobility group box-1 protein; HSP70i: inducible heat shock protein 70; CRT: calreticulin; CXCL: C-X-C 
motif chemokine ligand; CXCR: C-X-C motif chemokine receptor; CCL: CC chemokine ligand; mRNA: messenger RNA; 
DAMPs: damage-associated molecular pattern molecules; MICA/MICB: major histocompatibility complex (MHC) class 
I chain-related protein A/B; IL: interleukin; IL-1R: IL-1 receptor; DC: dendritic cell; IFN: interferon; Tnaive: naive T cells; 
Treg: regulatory T cell; ILC: innate lymphoid cell; NK: nature killer; NKG2D: NK group 2D; Th: T-helper; CD8: cluster 
of differentiation 8; TGF-β: transforming growth factor-β; Tem: effector memory T cells; Trm: resident memory T cells; 
TCR: T cell receptor. This figure is partially reproduced from Chen et al. (2021) (Note: for interpretation of the references 
to color in this figure legend, the reader is referred to the web version of this article).
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for the first time that this drug regimen reduced bio‐
logical age by 2.5 years. The phase II TRIIM-X trial 
is currently underway.

However, there are concerns that uncontrolled 
supplementation with DHEA may potentiate SARS-
CoV-2 antigen-induced vascular endotheliitis, contrib‑
uting to multiorgan inflammatory responses, partic‐
ularly acute responses in diabetic patients (Nyce, 
2021). The poor glycemic control seen in many dia‐
betic patients may further exacerbate the effects of 
DHEA. This underscores the importance of monitor‐
ing both cortisol and DHEA levels, especially in pa‐
tients with atherosclerosis and diabetes.

Vitamin D has many important health benefits. 
However, they are little known among medical profes‐
sionals and the general public. Vitamin D deficiency 
is known to be associated with decreased thymus 
volume during fetal development. This observation is 
consistent with the fact that inadequate maternal vita‐
min D levels during pregnancy can increase the risk 
of multiple sclerosis in offspring (Handel et al., 2018). 
Immune cells express the vitamin D receptor and are 
therefore targets of vitamin D. High expression of the 
vitamin D receptor has been shown in bone marrow 
and thymus immune cell precursors. In the periphery, 
monocytes, neutrophils, and macrophages have very 
high expression of this receptor (88%‒98%). A lower 
level of expression is found in lymphocytes (60%‒
70%) and in ILCs. Moreover, the level of vitamin D 
receptor expression in T cells corresponds to slower 
proliferation and lower IFN-γ production (Arora et al., 
2022). The interaction of vitamin D with its receptor 
triggers a cascade of reactions through the regulation 
of many genes, leading to modulation of the immune 
system. It has been shown that vitamin D can increase 
Treg activity, which in turn helps to suppress autoreac‐
tive cells and reduce the action of proinflammatory 
cytokines (Aygun, 2022). In a study involving 4599 
COVID-19 patients, it was found that the greatest risk 
of hospitalization and death was observed with lower 
vitamin D concentrations (Seal et al., 2022). In a 
study with 2148 patients, vitamin D intake prior to 
COVID-19 infection was found to reduce disease se‐
verity and hospitalization rates (Nimer et al., 2022). 
Vitamin D has been shown to reduce COVID-19 com‐
plications by modulating proinflammatory cytokines, 
antiviral proteins, and autophagy. Grant et al. (2022) 
provide evidence that optimal vitamin D concentra‐
tions for health and wellbeing exceed 30 ng/mL 

(75 nmol/L) for cardiovascular disease and all-cause 
mortality, while thresholds for several other outcomes 
can be as high as 40 or 50 ng/mL in serum.

Thus, one of the rational and affordable ways to 
prevent complications after COVID-19 vaccination 
and disease can be to control the concentration of vita‐
min D, the DHEA/cortisol ratio, and the timely ad‐
ministration of vitamin D and DHEA supplements to 
achieve the required concentrations in the body.

In summary, we report a case of vitiligo after 
COVID-19 vaccination and review the literature and 
pathogenesis. We provided evidence that tissue dam‐
age and thymus dysfunction are the “fertile soil” on 
which the “seeds” of autoimmune diseases sprout by 
disrupting negative selection in the thymus. This 
leads to the release of autoreactive T cells from it and 
their migration to the periphery. Nonsignificant exter‐
nal environmental factors, such as ultraviolet light 
against the background of vaccination, can lead to oxi‐
dative stress in melanocytes and trigger a cascade of 
uncontrolled autoimmune reactions. This understand‐
ing of the pathogenesis of autoimmune lesions may 
be important in the context of developing new diagnos‐
tic and therapeutic methods and standards. The mech‐
anism of autoimmune lesions is presented in Fig. 2 for 
better understanding. In general, the role of the thymus 
as well as the identification of the main molecular 
mechanisms in autoimmunity has become known only 
in the last few years, and further research and collec‐
tion of clinical cases of autoimmune lesions are needed.
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