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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is characterized by the 
activation of a cytokine storm derived from an excess release of cytokine (interleukin 
[IL]-6, interferon [IFN] I, C-X-C motif chemokine ligand [CXCL]10, tumor necrosis fac-
tor [TNF]-α, macrophage inflammatory protein [MIP]1) due to an uncontrolled immune 
activation. There has been a fivefold increase in the number of cases of pityriasis rosea 
during the SARS-CoV-2 pandemic. Using the keywords “pityriasis” and “COVID-19”, we 
carried out a PubMed search, including all articles in the English language published until 
November 2021. We aimed to investigate the possible connection between SARS-CoV-2 
and pityriasis rosea (PR). Pityriasis could be considered an immunological disease due to 
the involvement of cytokines and chemokines. Our analysis yielded 65 articles of which 
53 were not considered; the others (n = 12) concerning the association between PR and 
COVID-19 were included in our study. We suggest two mechanisms underlying the in-
volvement of the skin in viral infections: (i) viruses directly affecting the skin and/or in-
ducing host immune response thus causing cutaneous manifestations; and (ii) viruses as 
a possible inducer of the reactivation of another virus. The first mechanism is probably 
related to a release of pro-inflammatory cytokine and infection-related biomarkers; in 
the second, several pathways could be involved in the reactivation of other latent viruses 
(human herpesviruses 6 and 7), such as a cytokine–cytokine receptor interaction, the 
Janus kinase–signal transducer and activator of transcription signaling pathway, and the 
IL-17 signaling pathway. We thus believe that a cytokine storm could be directly or indi-
rectly responsible for a cutaneous manifestation. More investigations are needed to find 
specific pathways involved and thus confirm our speculations.
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1  |  INTRODUCTION

Since its initial outbreak in China’s Hubei province in December 2019, 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
the resulting pandemic, coronavirus disease 2019 (COVID-19) has 
caused drastic consequences, affecting every aspect of personal 
and work life. As of December 2021, the World Health Organization 
(WHO) estimated over 271 million confirmed COVID-19 cases, in-
cluding over 5 million deaths.1

1.1  |  COVID-­19: Immunological aspects

Severe acute respiratory syndrome coronavirus 2 infection is char-
acterized by rapid virus replication. In severe cases, a cytokine storm, 
derived from an uncontrolled overproduction of soluble markers of 
inflammation, may result in edema, congestion of the lung, thicken-
ing of interstitial tissue, and augmented exudation in the alveolar 
space. Patients affected by SARS-CoV-2 show a reduction in both 
T helper (Th) and cytotoxic T lymphocytes (CTL) (with the Th/T-
suppressor ratio within the normal limits). Critical patients also have 
fewer regulatory T cells, both naive and induced Treg.

The level of CD8+ T cells is reduced in infected patients and neg-
atively correlates with the C-reactive protein (CRP), the erythrocyte 
sedimentation rate (ESR), and interleukin (IL)-6. On the other hand, 
the CD4+/CD8+ ratio positively correlates with CRP, ESR, and IL-6: 
the higher the viral load, the lower the number of CD4+ and CD8+.

Even blood concentrations of IL-2R and IL-6 seem to be positively 
correlated with disease severity. High levels of IL-6 are considered a 
negative prognostic factor in patients with SARS-CoV-2. IL-6 inhibits 
CD8+ T cells, thus reducing interferon (IFN)-γ production and block-
ing specific cytokine signaling as suppressor of cytokine signaling 
3 (SOCS-3) and the consequent cell-mediated antiviral response 
during a cytokine storm.2

Several research papers seem to confirm the role of the medi-
ators involved in the Th17 response, such as IL-17, IL-21, IL-22, and 

granulocyte-macrophage colony-stimulating factor (GM-CSF). All 
these mediators perform pro-inflammatory actions by increasing 
inflammatory cytokines (IL-1β, IL-6, tumor necrosis factor [TNF]-α, 
and granulocyte colony-stimulating factor [G-CSF]) and chemokines 
(IFN-γ-induced protein 10 [IP-10], IL-8, and macrophage inflamma-
tory protein [MIP]2A), which recruit more immune cells responsible 
for tissue injury and more severe Sars-CoV-2 damage.2 Khesht et al. 
speculate that the increase of TNF-α and IL-6 might reduce the sup-
pressive function of Treg by inhibiting the transforming growth fac-
tor (TGF)-β and forkhead box P3 (FOXP3).3

In mild cases, an anti-inflammatory response mediated by IL-4 
and IL-10 is prevalent, which suppresses Th1 cell differentiation and 
proliferation and inhibits pro-inflammatory cytokine production.2

Increasing evidence suggests that type I IFN pathways are key to 
the immune-mediated clearance of SARS-CoV-2. Severe COVID-19 
infections have been correlated with low blood levels of type I IFN 
and low white blood cell expression of type I IFN-inducible genes. In 
this way, deficiencies in the type I IFN pathway, due to inherited mu-
tations or the development of autoantibodies, predispose patients 
to develop severe COVID-194 Below, Figure 1 summarizes the main 
immunological mechanisms through which SARS-CoV-2 causes clin-
ical manifestations.

1.2  |  Cutaneous manifestations of SARS-­CoV-­2

Since the start of the COVID-19 pandemic, multiple studies have 
reported that SARS-CoV-2 can be associated with dermatological 
manifestations. The association between different types of cutane-
ous involvement and the severity of COVID-19 is likely due to the 
varying immune response following SARS-CoV-2 infection. Indeed, 
livedo racemosa and retiform purpura are associated with a more se-
vere disease course and higher mortality. In contrast, viral exanthem 
and inflammatory lesions, such as urticarial and vesicular eruptions, 
seem to be associated with a less severe COVID-19 disease course 
which were reported more frequently for inpatients.5 In some cases, 

F IGURE  1 The immunological 
mechanisms activated by SARS-CoV2 
infection are closely related to the 
cytokine storm and they can be divided 
into three branches: Th1-mediated 
response, Th17-mediated response, 
and anti-inflammatory response which 
is generally activated in cases of mild 
disease and could inhibit the Th1 response. 
CXCL10, C-X-C motif chemokine ligand; 
GM-CSF, granulocyte-macrophage 
Colony-Stimulating Factor; IFN-gamma, 
Interferon-gamma; IL-1,4,6,10,21,22, 
Interleukin-1,2,4,6,10,21,22; MCP-1, 
monocyte chemoattractant protein 1; MIP-
1A, macrophage inflammatory protein-1 
alpha; SOCS-3, Suppressor of cytokine 
signaling 3; TNF, tumor necrosis factor.
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cutaneous involvement may represent a visual marker for the early 
identification of infection. COVID-19 cutaneous clinical patterns 
include morbilliform, vesiculopapular, pernio-like lesions and pur-
pura.6 SARS-CoV-2 is related to the onset of several viroses, such as 
those mediated by herpes simplex virus (HSV), varicella zoster virus 
(VZV), cytomegalovirus (CMV), and Epstein–Barr virus (EBV), which 
can appear with a plethora of skin manifestations, through a pos-
sible viral reactivation mechanism.7 COVID-19 can be also associ-
ated with various dermatological diseases. Among these, a relative 
increase in pityriasis rosea (PR) and PR-like rash was reported during 
the pandemic, despite restrictions imposed by social distancing and 
despite the recommendation to limit non-urgent outpatient services 
during the pandemic.8,9 Using clinical and histopathological findings, 
Öncü et al. managed to establish the diagnosis of PR after COVID-19 
infection. Histopathology of the biopsy of one lesion showed focal 
parakeratotic peaks, spongiosis, focal spongiotic vesiculation, lym-
phocyte exocytosis, mildly irregular acanthosis with mild homog-
enization of collagen in the dermis, mild to moderate perivascular 
erythrocyte infiltration in the superficial vascular plexus, scattered 
lymphocyte infiltration, and sparse lymphocytes.10

1.3  |  PR: Pathogenesis and immunological aspects

Pityriasis rosea is an acute, self-limiting exanthematous disease, pre-
dominantly affecting children and young adults. Some epidemiologi-
cal features (seasonal variation and clustering in households) suggest 
that PR may be infectious. Reactivation of latent human herpesvi-
ruses (HHV)-6 and -7 infections has been suggested as the most 
probable etiological agent.

Pityriasis rosea typically begins with a single, erythematous 
scaly plaque (herald patch or mother spot) followed by a second-
ary eruption consisting of smaller scaly papulosquamous lesions on 
the cleavage lines of the trunk in a Christmas tree-like shape. It ap-
pears in crops at intervals of a few days and reaches its acme in ap-
proximately 2 weeks. The duration may vary from 2 weeks to a few 
months, and constitutional symptoms may precede or accompany 
the skin eruption (general malaise, sore throat, mild fever, fatigue, 
nausea, headache, joint pain, swelling of lymph nodes).11,12

The etiopathogenetic mechanisms underlying PR are still not 
well defined. Several authors have supported the viral pathoge-
netic hypothesis, identifying the involvement of HHV-6 and -7 
based on immunological mechanisms, which seem to be typical 
mechanisms against a viral infection: elevated mononuclear cells, 
CD4 T cells, and Langerhans cells along with a higher concentra-
tion of IFN-α were found in the dermis and the sera, respectively, 
of patients with PR.12

However, in 1970 Burch and Rowell had already speculated 
about the possible autoimmune etiology of PR. Gangemi et al. stud-
ied the involvement of cytokines and chemokines in PR, in particular 
the role of fractalkine (CX3CL1), belonging to the δ-chemokine fam-
ily. Fractalkine is expressed on the surface of T cells and dendritic 
cells (above all during their maturation) and it is upregulated at the 

site of dermal inflammation, such as in psoriasis and the lichen pla-
nus. According to Gangemi et al., these findings suggest the main 
role of the immunological system and dendritic cells and cellular im-
munity in the pathogenesis of PR.13 Furthermore, fractalkine binds 
its receptor CX3CR1 and activates different intracellular signaling 
pathways, recruiting and activating CD8 and CD4 T cells, natural 
killer cells, and monocytes.

Another cytokine studied in the sera of PR patients is IL-22, which 
promotes antimicrobial defense and is involved in dermal inflamma-
tion in some diseases, such as psoriasis. Significantly high levels of IL-
22 were found in patients affected by PR, thus supporting the viral 
pathogenetic hypothesis. Firstly, the increased levels of IL-22 could 
be responsible for the inflammatory response, which self-limits the 
spread of the viral infection and the related disease.14 Moreover, vi-
ruses, such as HHV, stimulate the expression of IL-21 mRNA. IL-21 
reaches the maximum levels at the onset of the adaptive immune re-
sponse, thus stimulating the differentiation and proliferation of acti-
vated leukocytes and performing an autocrine action on Th17 cells. 
In this way, other mediators, such as IL-17, IL-22, and IL-21, are pro-
duced. Gangemi et al. stressed the viral pathogenic hypothesis and 
the involvement of the cellular immune response, suggesting that a 
viral antigenic trigger could amplify IL-22 secretion by an autocrine 
mechanism, through Th17 stimulation and IL-21 production.14

Another study of the cytokines involved in the pathogenesis and 
course of PR was conducted by Drago et al. in 2015.15 Higher levels 
of IL-17, IFN-γ, vascular endothelial growth factor (VEGF), and C-X-C 
motif chemokine ligand (CXCL10) were detected. IL-17 stimulates 
the release of antimicrobial peptides, pro-inflammatory cytokines 
and chemokines. The increase of IL-17 could be considered indirect 
evidence of the viral etiology of PR. IFN-γ, produced by T cells and 
natural killer cells, promotes the cytotoxicity of virus-specific T cells, 

F IGURE  2 The immunological mechanisms of PR have been 
summarized. The markers suggesting the viral hypothesis of 
PR are represented in the blue boxes. In the white boxes, the 
mediators with elevated serum levels in patients with PR have been 
summarized. The hive shows through the colored lightning bolts 
the effects that each mediator has on cells during PR. Orange, the 
effects of IFN-γ on the cells; yellow, the effects of CXCL10 on 
cells; purple, the action of CX3CL1 on cells; green, the increase 
of mononuclear cells mediated by IL-21, IL-22, and IL-17. CX3CL1, 
C-X3-C motif ligand 1; CXCL10, C-X-C motif chemokine ligand 10; 
IFN-gamma, Interferon-gamma, IL-17,21,22, Interleukin-17,21,22.
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and activates gene expression. These genes exert pro-inflammatory 
effects by increasing antigen processing and presentation, and 
anti-inflammatory effects due to their apoptotic and antiprolifera-
tive functions. CXCL10 or interferon-γ-induced protein 10 (IP-10) 
is an IFN-inducible chemokine, produced by neutrophils and kera-
tinocytes, which recruits natural killer cells, CD4 and CD8 T lym-
phocytes.15 In Figure  2, the hive represents the effect that each 
mediator determines at the level of skin cellularity in patients with 
PR.The purpose of this review is to analyze the connection between 
SARS-CoV-2 and PR. Our aim is to investigate whether COVID-19 
can cause cutaneous manifestation compatible with PR, through an 
immune dysregulation or if it is caused by the reactivation of HHV-6/
HHV-7 followed by COVID-19 infection.

2  | METHODS

We carried out a PubMed search including all articles in English pub-
lished until November 2021. We used the keywords “pityriasis” and 
“COVID-19”, without time limits.

3  |  RESULTS AND DISCUSSION

Our analysis yielded 65 articles of which 53 were not considered be-
cause the title and/or abstract suggested that they did not cover the 
topic of interest (n = 28), were not written in English (n = 3), or were 
not relevant to the association between PR and COVID-19 (n = 22). 
The others, which reported on a possible association between PR 

and COVID-19 (n = 12), were included. Table 1 reports cases with 
simultaneous infection of COVID-19 and PR, dividing the cases into 
two groups: those with an initial diagnosis of COVID-19, followed by 
PR, and vice versa.

Recent studies have reported an increase in the number of cases 
of PR during the SARS-CoV-2 pandemic. A Turkish multicenter study 
described the change in the profile of dermatology patients visit-
ing outpatient clinics during the COVID-19 outbreak. Although the 
number of patients decreased, the frequency of some diseases, in-
cluding PR and VZV manifestations, increased significantly after the 
pandemic. It is interesting to note how virally transmitted diseases 
have increased in incidence, despite the social distancing imposed 
by anti-COVID regulations. VZV has been suggested as being an 
indicator or complication of COVID-19 infection.16 In accordance 
with Kartal’s study, Dursun et al. reported that the percentage of 
patients with PR increased during the pandemic compared to the 
pre-pandemic era (from 0.8% during the pre-pandemic era to 3.9% 
during the pandemic).17 Also, Turan et al. found a statistically signif-
icant (p < 0.05) increase in the frequency of dermatological diagno-
sis, among them PR (p < 0.013).9 Our results show how PR can be 
the first manifestation of COVID-19, but at other times, conversely, 
COVID-19-related symptoms may predate the onset of the rash. 
Other cases highlight the need for SARS-CoV-2 testing in patients 
presenting with PR-like eruptions, even if otherwise asymptomatic, 
for diagnosis and contact tracing.18,19

Several viral infections activate innate and adaptive human im-
mune responses. In some circumstances, as with the previous SARS-
CoV, Middle East respiratory syndrome coronavirus (MERS-CoV), 
and SARS-CoV-2 pandemics, the monocytic–macrophage system 

TABLE  1 Cases with a related diagnosis of COVID-19 and PR

Author Article type Country n Age Sex COVID symptoms
Time lapse 
with PR onset

Cases with COVID-19 diagnosis before PR diagnosis

Veraldi S20 Letter Italy 2 26
25

F
F

Mild
Mild

56 days
42 days

Birlutiu V21 Case report Romania 1 54 F Mild 7 days

Öncü INS10 Letter Turkey 1 10 M Mild 10 days

Welsh E22 Letter Mexico 1 49 M Mild 7 days

Drago F23 Letter Italy 1 16 M Mild 21 days

Busto-Leis JM24 Letter Spain 2 26
48

F
F

Mild
Asymptomatic

30 days

Cases with PR diagnosis before COVID diagnosis

Ehsani AH25 Letter Iran 1 27 M Moderate 3 days

Merhy R26 Letter Lebanon 1 26 F Mild 2 days

Enguix DM18 Letter Spain 1 19 F Asymptomatic

Johansen M19 Letter Georgia 2 39
23

F
F

Asymptomatic
Asymptomatic

Paolino G27 Letter Italy 1 33 F Mild 25 days

Veraldi S28 Letter Italy 2 26
21

M
M

Mild
Mild

COVID, Coronavirus disease; PR, Pityriasis rosea.
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may produce an upregulated immune response, a severe inflamma-
tory systemic state, and damage to lungs and other internal organs.

A recent review highlights that the dysregulation produced 
by the cytokine storm plays a central role in other viral infections 
that occurred in the last century: SARS-CoV (2002/2003), MERS-
CoV (2012), H1N1 (2009), and Spanish flu (1918–1919). All these 
respiratory infections are characterized by hyperinflammation, an 
alteration of T-cell function, the activation of endothelial cells, and 
consequently, a state of hypercoagulability. Many common actors 
of these mechanisms have been found among the various viral in-
fections mentioned, including IL-1β, TNF-α, IFN-γ, IL-17, monocyte 
chemoattractant protein 1 (MCP1), IL-6, CXCL10, and CXCL8, which 
are also very much involved in the pathogenesis of SARS-CoV-2.29

The wide range of causes and the underlying mechanisms of 
the skin involvement in viral infections can be categorized into two 
groups: (i) viruses directly affecting the skin or inducing a host im-
mune response, thus causing cutaneous manifestations; and (ii) vi-
ruses as a possible inducer of the reactivation of another virus.

3.1  | Viruses directly affecting the skin or inducing 
host immune response thus causing cutaneous 
manifestations

Cutaneous manifestations of SARS-CoV-2 infections were described 
extensively in 2021, although they were not necessarily visible in 
all the patients. This could be due to the different immunological 
responses among different individuals or to the role of gene expres-
sion. Most patients with severe cases of COVID-19 have high levels 
of pro-inflammatory cytokines and infection-related biomarkers. As 
argued by Gangemi et al., PR could be considered an immunological 
disease because of the involvement of a high number of chemokines 
and cytokines,14 and the contact between the immune system and 
an infectious pathogen could trigger the activation of immunological 
mechanisms.

Welsh et al. reported the first case of PR-like dermatosis con-
firmed by skin biopsy. Immunohistochemistry (IHC) with SARS-CoV/
SARS-CoV-2 spike protein was positive in endothelial cells and peri-
vascular lymphocytes. These findings suggest that viral infection of 
lymphocytes or endothelial cells by SARS-CoV-2 may cause these 
manifestations.22 Moreover, during the acute phase of COVID-19 
the lesions appear more erythematous and purpuric, indicating a 
general inflammatory state associated with the SARS-CoV-2 infec-
tion.27 Similarly, the appearance of other skin manifestations, such 
as erythema multiforme (EM), is linked to the involvement of lym-
phocytes and endothelial cells by SARS-CoV-2.

Erythema multiforme is mainly associated with infectious agents, 
above all HSV. The pathophysiological mechanism of COVID-19-
related skin eruptions could be a hypersensitivity reaction mediated 
by lymphocytes targeting SARS-CoV-2 antigens in the skin, like what 
was reported for EM associated with other infections, especially 
HSV. In particular, CD8+ T lymphocytes induce the apoptosis of 
scattered keratinocytes and lead to satellite cell necrosis. However, 

in most cases, EM eruptions are not related to a severe evolution of 
COVID-19.30

Moreover, skin biopsies have shown SARS-CoV-2 envelope and 
spike proteins, as well as striking numbers of complements in vascu-
lar endothelial cells in patients with retiform purpura. The activation 
of complement, therefore, plays a central role in initiating this cu-
taneous vascular disorder, and COVID-19-associated skin disorders 
generally.4

On the other hand, the autoreactive antibody generation could 
occur after an infection, such as SARS-CoV-2 infection, and could be 
involved in a molecular mimicry mechanism.

Indeed, Gallman et al. identified 26 autoantibodies targeting 
the vasculature, connective tissue, and skin. However, in the same 
review, they suggest that molecular mimicry is unlikely to be the 
only mechanism involved in self-reactivity. In fact, “bystander ac-
tivation” might be involved, in which an exaggerated immune re-
sponse against a virus causes tissue damage and the exposure of 
self-antigens. The latter can activate local autoreactive B and T cells, 
leading to autoimmunity.4

Severe acute respiratory syndrome coronavirus 2 can affect host 
cells through two types of receptors: the angiotensin-converting en-
zyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) 
expressed in epithelial cells and endothelial cells. The distribution of 
these receptors on the pericytes, that envelope the endothelial cells, 
could explain the features of COVID-19-related cutaneous manifes-
tation. Upon entry into epithelial cells, the viral RNA proteolysis, the 
translation of viral proteins, and the assembly of new viruses occur. 
The expression of ACE2 receptor on the surface of endothelial cells 
facilitates SARS-CoV-2 entrance and promotes the activation of 
monocytes, T cells, and neutrophils.31 The involvement of cutane-
ous blood vessels and the release of inflammatory mediators could 
be responsible for skin manifestations as a direct action of the SARS-
CoV-2, as shown in Figure 3. The viral genome, through E3 ubiquitin 
ligase, activates nuclear factor (NF)-κB, which acts as a transcrip-
tional activator for pro-inflammatory cytokines. Moreover, the viral 
genome, through ubiquitin kinase, phosphorylates IFN-regulatory 
factor 3 (IRF-3), which promotes the synthesis of IFN-I. IFN-I, via 
interferon-α/β receptor (IFNAR) expressed on the surface of cell 
membranes and via the Janus kinase (Jak)–signal transducer and ac-
tivator of transcription (STAT) pathway, activates the expression of 
IFN-inducible genes, such as CXCL10. High levels of CXCL10 were 
found in the sera of patients affected by PR in a study conducted 
by Drago et al. in 201515 and in sera of SARS-CoV2 subjects.2 In 
addition, Ocampo-Candiani et al. suggest that the hypercytokinemia 
and expression of IFN-inducible genes during SARS-CoV-2 infection 
could explain the onset of cutaneous manifestations in symptom-
atic patients of COVID-19 infection, through the overexpression of 
genes involved in inflammation.32 Lastly, Gallman et al. reported an 
increased expression of type I IFN-induced genes in the skin biopsies 
of chilblain lesions in COVID-19 patients, and many other studies 
have proposed that COVID-19-associated chilblains and other cuta-
neous manifestations may be the result of an overactive type I IFN 
response.4 Murdaca et al. reported that inflammatory components 
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during viral infections, such as SARS-CoV and MERS, activate tran-
scriptionally regulated genes in endothelial cells, including NF-κB 
binding sites in their promoter regions, and gene analysis performed 
exerting mutations demonstrated the pivotal role of NF-κB in the 
expression of pro-inflammatory genes.29

3.2  | Viruses as a possible inducer of the 
reactivation of another virus, such as HHV-­7 and VZV

To shed light on the role of human herpesvirus in PR, several studies 
have measured HHV-6 and HHV-7 through the detection of their 
DNA load in plasma, in peripheral blood mononuclear cells (PBMC), 
expression of mRNA, and specific viral antigens in PR lesions, all 
markers of systemic active infection.33–35 These studies established 
a causal role of systemic active HHV-6 and/or HHV-7 reactivation 
in the pathogenesis of PR. In addition, Katsafanas et al. reported 
that HHV-7 operates as a primer providing the reactivation of latent 
HHV-6. Once reactivated, the latent HHV-6 genome predominates, 
causing HHV-7 to disappear or preventing its detection by PCR or 
serology.36

The above-mentioned data could confirm the causal association 
between PR and active HHV-7 or, to a lesser extent, HHV-6 infec-
tion. Therefore, just as HHV-7 reactivates HHV-6 leading to the cu-
taneous manifestations of pityriasis, in the same way, SARS-CoV-2 
could act as a transactivator agent triggering HHV-6/7 reactivation 
and indirectly causing the clinical manifestation of PR,37 although 
the concomitant involvement of other viruses has not been serolog-
ically excluded.21

Viral reactivation can occur through various mechanisms and 
molecular pathways. Many pro-inflammatory cytokines reported in 
SARS-CoV-2 patients could promote the reactivation of other latent 
viruses, such as HHV-6 and HHV-7. SARS-CoV-2 infection impairs 
not only the number of lymphocytes, leading to lymphopenia, but 
also the immune response, with severe immune-mediated injury. 
High concentrations of IL-1β, CXCL10, MCP1, and IL17 have been 
detected in affected subjects. All of them can stimulate Th1 re-
sponse. High levels of TNF-α, MCP1, and MIP1α have been found in 
patients in intensive care units, suggesting a link between cytokine 
production and the gravity of the illness.2 The serum of CXCL10 or 
IP-10 level was found to be significantly high in SARS-CoV-2 pa-
tients, and it has been associated with the severity of COVID-19.38 

IP-10 was also found to be upregulated in PR patients compared to 
controls.15 CXCL10 is produced via IFN-inducible genes and stimu-
lates its receptor CXCR3, expressed both in circulating and memory 
T cells. Consequently, the CXCL10/CXCR3 axis could be involved in 
reactivating HHV-6, thus leading to the pathogenesis of PR in in-
fected subjects. This mechanism has already been observed by Yang 
et al. in the reactivation of HHV-6 in drug reaction with eosinophilia 
and systemic symptoms (DRESS) patients. In this research the IP-
10 levels were significantly higher in the patients with DRESS with 
HHV-6 than in the patients with DRESS without HHV-6 reactivation, 
although these findings did not reach statistical significance. They 
hypothesize that the IP-10/CXCR3 axis might drive CXCR3+ effector 
CD4+ and CD8+ T cells to inflammatory sites; thus, the HHV-6 reac-
tivation could be associated with a stronger CXCR3-driven Th1-cell 
response.38 Liu et al. argue that CXCL10 facilitates the reactivation 
of other viruses, such as the HSV, by stimulating virus replication in 
macrophages and lymphocytes.39

These results suggest that these inflammatory mediators may 
synergistically modulate PR pathogenesis (Figures 4 and 5).

Another mechanism involved in viral reactivation could be 
lymphopenia. As observed by Veraldi et al. in patients infected with 
SARS-CoV-2 who experience prolonged symptoms, termed “long-
haulers” or said to have “long COVID”, it is possible that lymphopenia 

F IGURE  3 The mediators and the 
pathways activated by SARS-CoV-2 
infection, which could cause a direct 
inflammatory state of the skin and the 
consequent cutaneous manifestation of 
PR, are summarized. CXCL10, C-X-C motif 
chemokine ligand 10; IFN-I, Interferon-I; 
IRF-3, Interferon regulatory factor-3; 
JAK, Janus kinase; NF-kB, nuclear factor 
kappa-light-chain-enhancer of activated B 
cells; STAT, signal transducer and activator 
of transcription.

F IGURE  4 The main mediators, which could activate the Th1 
response and the reactivation of HHV, are summarized. CXCL10, 
C-X-C motif chemokine ligand 10; HHV, human herpes virus; IL-
1beta,17, interleukin-1beta,17; MCP1, Monocyte chemoattractant 
protein-1.
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plays a role in viral reactivation.20 Several studies have reported al-
terations in the numbers and functions of T cells in infected patients, 
correlating T-cell subset alteration with an inflammatory condition.2 
Shah et al. argued that inflammatory status is also responsible for 
several apoptotic genes and p53 signaling molecule upregulation, 
which may contribute to lymphopenia.40 Just as SARS-CoV-2 can 
stimulate HHV-6 activation, in the same way it was speculated that 
it might reactivate other latent infections, such as VZV, by acting 
as a transactivator agent.16 This could explain the higher number 
of patients with PR and VZV observed by Kartal et al. during the 
COVID-19 pandemic.16

The mechanisms of VZV reactivation are analogous to those 
hypothesized for HHV-6: lymphopenia, CXCL10/CXCR3 axis, and 
cytokine networks. Diez-Domingo et al. suggested that the reactiva-
tion of VZV in COVID-19 patients could be explained through a wide 
range of T-cell immune dysfunctions (lymphopenia and lymphocyte 
exhaustion).

Lymphopenia could be caused by the direct infection of lym-
phocytes by SARS-CoV-2 (the ACE2 receptor is expressed on the 

surface of lymphocytes) or by the apoptosis of lymphocytes pro-
moted during a cytokine storm, with TNF-α and IL-6 playing a key 
role.41 Moreover, Saati et al. described a case of reactivation of VZV 
in a young immunocompetent patient with mild symptoms. They 
observed significantly lower T-cell and CD8 levels, indicating that 
SARS-CoV-2 may directly infect lymphocytes, which ultimately re-
sults in the inability to perform normal antiviral functions.42

The role of the CXCL10/CXCR3 axis was studied by Steain et al. 
during experimental and natural VZV infection. They found upreg-
ulated CXCL10 expression in the dorsal root ganglion during ex-
perimental infection and, most significantly, also in vivo during the 
reactivation of naturally-infected dorsal root ganglion. In addition, 
infiltrating cells expressing CXCR3, probably recruited by CXCL10, 
were identified in the dorsal root ganglion during VZV reactiva-
tion.43 Yu et al. conducted a bioinformatic analysis of COVID-19 and 
VZV-associated genes and found that STAT3 acts as a central hub in 
the protein–protein interaction networks of both diseases, thus sug-
gesting that COVID-19 might induce excessive Th17 differentiation, 
thereby increasing the circulating level of IL17A, which triggers VZV 
reactivation.44

Such evidence would seem to demonstrate the transactivator 
function of SARS-CoV-2 towards other viruses, such as HHV-6/7 
and VZV.

Finally, the skin manifestations resulting from anti-SARS-CoV-2 
vaccines are worthy of discussion. It is well known that vaccines 
against a specific pathogen can cause similar manifestations given 
by the infection itself, however of a smaller entity. An example is 
represented by episodes of post-vaccination thrombosis, which are 
less severe and rarer than those caused by SARS-CoV-2 infection. 
In fact, in preclinical trials of the Moderna vaccine, the incidence of 
PR was 0.9%.45 However, several researches have reported cases 
of PR after COVID-19 vaccines with an incidence higher than that 
reported by the EMA in pre-clinical studies.17,46 It must be consid-
ered that the vaccination campaign is still ongoing worldwide, so 
these data are reliable, but not definitive. This suggests that anti-
SARS-CoV-2 vaccines can also cause immune dysregulations result-
ing in a commitment of the immune system and a deviation of its 
cell-mediated control over other latent viruses.47 The reactivation 
of herpes viruses after vaccine administration could be responsible 
for the same extrapulmonary manifestations of the infection, but to 
a lesser extent.

4  |  CLOSING REMARKS

In conclusion, in the literature, many cutaneous manifestations have 
been described in patients affected by SARS-CoV-2. Our analysis of 
the mechanisms underlying the onset of PR cutaneous manifesta-
tions, suggests two causes.

Firstly, the cytokine storm, which characterizes SARS-CoV-2 in-
fection, could be responsible for a direct effect on the skin, resulting 
in cutaneous inflammation.48 In fact, during the COVID-19 pandemic 
there has been an increased incidence of other cutaneous diseases, 

F IGURE  5 The main immunological mechanisms probably 
involved in the pathogenesis of PR following SARS-CoV-2 infection 
are described: a direct pathway ending with the production of 
pro-inflammatory cytokines and an indirect pathway involving 
IFN-inducible genes. The yellow helical structure represents viral 
RNA. The green structure is a mitochondrion. CXCR3, C-X-C motif 
chemokine receptor 3; CXCL10, C-X-C motif chemokine ligand; 
HHV, human herpesviruses; IL, interleukin; IFN, interferon; IRF, 
IFN-regulatory factor; JAK, Janus kinase; MAVS, mitochondrial 
antiviral-signaling protein; MCP-1, monocyte chemoattractant 
protein 1; NF-κB R.E., nuclear factor-κB responsive element; NK, 
natural killer; “P”, phosphorylation; STAT, signal transducer and 
activator of transcription; TNF, tumor necrosis factor.
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such as urticaria, psoriasis, alopecia, and chilblain-like skin lesions.16 
Gallman et al. believe that dysregulation of the humoral immune re-
sponse is a feature of SARS-CoV-2 infection and may contribute to 
skin manifestations of COVID-19-associated disease, also through 
autoimmunity mechanisms, such as molecular mimicry or bystander 
activation.4 These cutaneous manifestations could be an indicator of 
latent COVID-19 infections because these skin lesions can precede 
the onset of respiratory SARS-CoV-2 symptoms. For these reasons, 
IHC analysis of skin biopsies may represent a useful tool in selected 
patients with a suspected COVID-19 diagnosis.22

The second mechanism that may be involved in the increased inci-
dence of PR is related to the fact that the SARS-CoV-2 infection acts 
as a reactivator for other latent viruses. The likely connection between 
PR and the herpes virus family has been investigated in the literature, in 
particular HHV-6 and HHV-7; however, other viruses, such as VZV, have 
not been ruled out. The reactivation could be related to lymphopenia or 
lymphocyte exhaustion. However, COVID-19 is an immunological dis-
ease and is associated with cytokine–cytokine receptor interaction, the 
Jak–STAT signaling pathway and the IL-17 signaling pathway; thus, cyto-
kines and chemokines have indirect effects, activating various pathways. 
Increased levels of IFN induce the activation of the CXCL10/CXCR3 axis, 
and this axis plays a role in reactivating HHV-6 and VZV. The differen-
tiation of naive CD4+ T cells into Th17 cells induces increased levels of 
IL-21, IL-22, and IL-17, which are higher in patients with PR.

More studies are needed to define the connection between 
COVID-19 and the pathogenesis of PR. It could be useful to mea-
sure the levels of cytokines and chemokines in patients' serum and 
to evaluate the various pathways in common between these two 
infectious and immunological diseases. As in SARS-CoV-2, cutane-
ous manifestations were also seen in SARS-CoV, MERS-CoV, H1N1 
influenza A, and Spanish flu. All these pandemics have similar im-
munological mechanisms secondary to a wide spectrum of different 
immune dysregulation disorders with the continuous activation and 
expansion of immune cells, lymphocytes, and macrophages.

Such similarities should be considered in future virus-related 
pandemics. In fact, skin manifestations may represent the first 
symptom of the disease and, therefore, the physician needs to rec-
ognize them to make a prompt diagnosis. The spread of COVID-19 
worldwide has overburdened the global health system, requiring 
urgent reorganizations of the routine and planning of outpatient 
activities. Telemedicine can act as a time-effective substitute of 
face-to-face visit representing an excellent aid for the disposal of 
waiting lists, already widely exploited during the past epidemics of 
SARS-CoV, MERS-CoV, Ebola, and Zika. This health-care procedure 
can guarantee continuity of care, meanwhile reducing the risk of 
COVID-19 transmission, ensuring at the same time an adequate and 
safe triage.49 Free telecommunication systems like WhatsApp, email, 
Skype, or Zoom have been largely used. The advances in audio, vi-
sual, and data telecommunication technologies have made it eas-
ier for physicians to communicate with remotely situated patients. 
This is particularly relevant to dermatology as visual cues are the 
keystone in identifying most dermatological pathologies.50 The effi-
cacy of this new system always depends on the quality of the video, 

images sent, and patient compliance. Nevertheless, legislation and 
guidelines for putting teledermatology in practice whilst protecting 
patient privacy and data security are needed.

We hope that the evidence given in this review will be useful in 
the identification, management, and treatment of future pandemic 
viral infections in a scenario based on precision medicine.
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