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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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SYMPTOMATOLOGY AND TREATMENT OF COVID-19 AFFECTING SKIN
APPENDAGES: A NARRATIVE REVIEW BEYOND COVID-TOES

Uwe Wollina'*, Ayman Abdelmaksoud?3, Anca Chiriac*5, Piotr Brzezinski®’, Selami Aykut Temiz®.

!Department of Dermatology and Allergology, Stidtisches Klinikum Dresden, Academic Teaching Hospital, 01067 Dresden, Germany.

’Mansoura Dermatology, Venerology and Leprology Hospital, Mansoura, Egypt.

’Department of Dermatology, University of Studies Guglielmo Marconi, Rome, Italy.

“Nicolina Medical Center, Department of Dermatology, Apollonia University, lasi, Romania

3"Petru Poni"" Institute of Macromolecular Chemistry, Romanian Academy, lasi, Romania.

*Department of Physiotherapy and Medical Emergency, Faculty of Health Sciences, Pomeranian Academy, Slupsk, Poland.

’Department of Dermatology Voivodship Specialist Hospital in Slupsk, Ustka, Poland.

8Department of Dermatology, Necmettin Erbakan University Meram Medical Faculty, Konya, Turkey.

Abstract.

Background: SARS-CoV-2 is the cause of COVID-19
disease and responsible for a pandemic since the 2020. Multiple
organ involvement has been described including cutaneous
symptoms. Affection of skin appendages, however, seems to be
under-reported except for COVID-toes.

Material and methods: We performed a PUBMED research
for “COVID-19” OR “SARS-CoV-2” AND “skin appendages”,
“hair”, “nails”, and “skin glands” from January 2020 to April
2022. COVID toes were excluded since this symptom had
extensively been discussed. The focus of this narrative review
was laid on clinical presentation, association to the course of
COVID-19 disease and treatment options.

Results: Skin appendages can be affected by COVID-19
disease beyond COVID-toes, both by symptomatic and
asymptomatic course. Telogen effluvium, androgenetic alopecia,
and alopecia areata are the most common hair disorders in
COVID-19 patients. Nails are less commonly affected by
COVID-19 than hair. Splinter hemorrhages and leukonychia are
the most frequent findings. While sebaceous glands seem to be
uninvolved, SARS-CoV-2 spike proteins have been identified in
eccrine sweat glands.

Alopecia areata is often seen among asymptomatic COVID-19
patients while telogen effluvium is observed in symptomatic and
asymptomatic patients. The half-moon sign on the nails could
be a red flag for a more severe course of COVID-19. Treatment
options are summarized.

Conclusions: Skin appendages are not spared by COVID-19.
Their knowledge will help to identify asymptomatic patients
and patients at risk for a more severe course of the viral disease.

Key words. COVID-19, SARS-CoV-2, hair, nails, skin
glands, treatment.

Introduction.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is an RNA beta-corona virus of group IIb, responsible
for coronavirus disease 19 (COVID-19). The virus consists
of four structural proteins, i.e., spike, membrane, envelope,
and nucleocapsid proteins, and encodes for another 25 non-
structural proteins [1]. Transmission is mainly by droplets. The
angiotensin-converting enzyme 2 (ACE2) receptor is a critical
structure for viral entry into human cells. ACE 2 receptors
have been detected on various cells including keratinocytes
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and cutaneous endothelial cells [2,3]. Transmembrane protease
serine 2 (TMPRRS2) receptor is another important host cell-
entry modulator [4]. The androgen receptor regulates the
transcription of TMPRSS2 [5].

The origin of COVID-19 was Wuhan, China, but the
disease has spread rapidly and has become a pandemic since
2020. Pneumonia and hypogeusia/hyposmia were the leading
symptoms during the first wave [6,7]. Cutaneous symptoms
had been under-reported in the early period, but at least during
the first wave in Northern Italy, cutaneous symptoms have
become more and more recognized and became classified into
diagnostically and prognostically important clinical symptoms
[8-10]. The affections of skin appendages like hair, nails, and
skin glands are lesser known.

This review will focus on manifestations of COVID-19 in
cutaneous appendages, clinical features, and treatment.

Material and methods.

PUBMED database was screened for “COVID-19” OR
“SARS-CoV-2” AND “Hair”, “Nails”, “Skin glands” from
2019 to April 2022. In addition, three papers of hand research
were considered. We focused on clinical manifestations,
relationship to clinical course of COVID-19, and treatment
of skin appendage manifestations during or post COVID-19
disecase. We detected 853 papers on cutaneous manifestations
of COVID-19. Articles on cutaneous symptoms in COVID-19
disease without mentioning skin appendage manifestations in
detail were excluded. Seventy-one articles included detailed
mentioning of skin appendage manifestations. Three of them
were excluded due to limited quality. Eventually, 68 papers
have been considered in this narrative review. For treatment
options, some other relevant publications were added.

Hair.

Androgenetic alopecia (AGA) is triggered by sexual hormones
and has characteristic though different patterns of hair loss
among males and females. In a current review including 1826
patients with alopecia and COVID-19, AGA was the most
common type of alopecia observed in 30.7% of patients with
86.4% males. AGA was commonly pre-existent but worsened
during and after COVID-19 [11].

Hair loss in COVID-19 patients has been observed in about
20% - 66% post-COVID [12-15]. This hair loss is consistent
with telogen effluvium characterized by sudden, non-scarring
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hair loss 2—3 months after the causal event. The percentage of
telogen hair is diminished to 20% or less. Trichoscopy showed
regrowing hairs, follicular units with single hair, empty hair
follicles, and thin terminal hairs — findings that are typically for
telogen effluvium. In a meta-analysis of published studies, 465
were identified with acute telogen effluvium that developed on
average 74 days after COVID-19 symptoms appeared. Two-
third of patients were females, the median age was 44 years
[16]. A possible link between severity of COVID-19 disease
and severity of hair loss, hair greying, and scalp allodynia is
debatable [17,18].

Of interest, Wambier and Tosti (2022) reported that 8 out
of 25 patients with post-COVID-19 TE had patchy body hair
effluvium, even without scalp patchy alopecia [19]. Aksoy et
al. (2021) observed that post-COVID-19 TE was more frequent
in hospitalized female patients with hypertension, who had
respiratory symptoms, representing 27.9% of their cohort [20].

Characteristic for TE are the following findings: positive
pull test result, some empty follicles in trichoscopy, and >20%
telogen hairs in trichogramm. Histologically, there is no relevant
miniaturization and no inflammatory reaction in the epidermis
or hair follicles [21].

Guarneri etal. (2022) investigated 104 patients with COVID-19
pneumonia. Looking for hospitalized patients who had a more
severe disease, 18% of men and 60% of females complained
about hair loss. Medication with either methylprednisolone,
enoxaparin or hydro chloroquine increased the Odd’s ratio to
15.77, while smoking had an Odd’s ratio of 2.12 [22]. A possible
explanation is the release of multiple cytokines (cytokine storm)
such as interleukin (IL)-1 beta, IL-6, interferon gamma, and
tumor necrosis factor alpha but this was not substantiated by
histological findings [21,23].

Some disorders bear a higher risk of hair loss after SARS-
CoV-2 infection. One trial analyzed 56 households with patients
suffering from hypohidrotic ectodermal dysplasia (HED). Hair
loss was significantly more common among HED patients
(64%) than in the control group (13%) [24].

Table 1. Treatment of COVID-19 associated hair disorders.

Disorder Treatment options

Anagen effluvium Topical minoxidil (limited efficacy)
Androgenetic alopecia Topical minoxidil 2% (females)
Topical minoxidil 5% (males)

Oral finasteride 1 mg/d (males)

Regrowth of hair can be expected in most patients with TE
[25]. Despite being a self-limiting condition, hair loss post-
COVID-19 is a stressful event.

The following treatments have been used for TE among
COVID-19 patients: 2% and 5% topical minoxidil, oral
minoxidil, oral nutricosmetics, platelet-rich plasma (PRP)
injections among others (Table 1) [26].

Piebaldism and Wardenberg syndrome may present with a
white forelock among other hypopigmented lesions. There
is one report from Italy about repigmentation of the hair in a
3-month-year-old baby girl after COVID-19 [27].

Alopecia areata (AA) is a common kind of autoimmune non-
scarring hair loss, which can occur recurrently. Pre-existent AA
may be worsened or relapsed by COVID-19 [28]. In general AA
has less often been reported in COVID-19 patients [29-32]. AA
counts for 7.8% of alopecia cases with a female predominance
[11]. Fortunately, AA totalis is a rare event [33]. TE and AA
can also affect children with COVID-19-related multisystem
inflammatory syndrome [34]. The relapse rate of AA was
significantly higher in COVID-19 patients versus non-COVID
patients in an Italian study [35].

There are three major mechanisms that are discussed for AA:
(a) the increased stress level during the pandemic, especially
during lockdown, (b) the cytokine storm by SARS-CoV-2
infection, and (c) a possible cross-reaction of the viral antigen
with self-antigens of the dermal papilla [36,37]. It has been
suggested that monocytes infected by SARS-CoV-2 may play
a fundamental role in the development of post-COVID-19 TE
[38]. Ma et al. (2022) reported that SARS-CoV-2 could mostly
target the KRT17+ hair follicle cells ex vivo [39]. Furthermore,
oxidative stress can lead to increased liberation of tumor
necrosis factor alpha and interferon gamma, interfering with T
cell activation [40].

During the acute infection anagen effluvium has rarely been
described in COVID-19 patients [41,42].

Trichodynia — the painful hair or scalp dysesthesia syndrome
— is a symptom that often but not exclusively can be associated
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with TE. It does not show an association to the severity of hair
loss either. Among COVID-19 patients, trichodynia has been
reported in 42.4% of COVID-19 cases [14].

Temporary yellow-green fluorescence has been observed in
hair of faripiravir treated patients under Wood’s light. There
is no clear association between total dosage of the drug and
intensity of fluorescence [43]. One study mentioned a decrease
of fluorescence after 58 days [44]. Clinical examples of hair
disorders due to COVID-19 are shown in Figures 1 and 2.
Treatment of hair disorders caused by COVID-19 is summarized
in Table 1 [41-54].

Figure.l. Telogen effluvium in COVID-19 patients. Clinical
presentation and trichoscopy. (a) - (b) 51-year-old woman, (c) — (d)
S6-year-old woman. In both patients, excessive hair appeared 2 months
after the first symptoms of SARS-CoV-2 infection and lasted for about
3 months. Gray hair dominated in the areas of greatest thinning. These
patients were not hospitalized during their COVID-19 disease. (e) - (f)
60-year-old woman and (g) - (h) 58-year-old woman — both with a
moderate SARS-CoV-2 infection. Telogen effluvium developed about
1.5 months after confirmed infection and lasted for about 2 months.
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Figure. 2. Alopecia areata in COVID-19 patients. (a) A 9-year-old
asymptomatic girl. (b) A 6-year-old asymptomatic girl. (c) Another
6-year-old asymptomatic girl. (d) A 13-year-old asymptomatic boy
with a mottled appearance of hair loss. (e) A 30-year-old woman, who
was hospitalized and needed assisted ventilation for 6 days.

Nails.

Nail changes have long been under-reported in COVID-19
patients [55]. In a study from Turkey, 174 COVID-19 patients
were screened for nail symptoms. The most common nail
findings were splinter hemorrhage (13%), leukonychia (12%),
and longitudinal ridges (7.9%) [56].

Recent reviews summarized published data on nail changes
in COVID-19 patients. They authors identified red half-moon
nail sign, transverse orange nail lesions, Mees' lines, and Beau's
lines [57,58]. Among 93 COVID-19 patients from Bangkok,
only 2 reported nail disease, i.e., chromonychia and brittle nails.
These patients had a mild COVID-19 disease [59].

A 60-year-old woman, who had COVID-19, presented 2
weeks after symptoms onset, with a distally convex half-moon-
shaped red band surrounding the distal margin of the lunula.
This band appeared on all fingernails. It was coined red half-
moon nail sign by Neri et al. [60]. Microvascular changes and
microthrombi seem to be involved. The sign is a red flag for
a more severe course of COVID-19 [61,62]. Ocampo-Garza et
al. (2021) noted that red half-moon nail sign can be observed
between 2 and 14 days after COVID-19 diagnosis in contrast
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to distal orange discoloration which develops post COVID.
Intriguingly, three patients with red half-moon nail sign were
hospitalized and one warranted oxygen requirements [63].

Some pediatric and adult patients presented with horizontal
groove over all fingernails and toenails about 3 weeks to 3
months after confirmed COVID-19 disease. These grooves,
known as Beau’s lines, are often seen after toxic or infectious
transient interruption of the proximal nail matrix growth [64-
67].

Half and half nails (Lindsay's nails) are characterized as a nail
with a white proximal portion and a reddish-brown or a pink
distal portion, with a sharp demarcation line between the two.
Often seen among patients with chronic renal disease, half and
half nails may also occur during COVID-19 disease [68].

Karahan et al. (2022) investigated COVID-19 pneumonia
patients admitted to an ICU unit in Turkey using nailfold video-
capillaroscopy. Capillary findings were more pronounced in
patients with a fatal course compared to survivors. Commonly
observed serpentine capillaries had an increased loop diameter
compared to non-COVID patients, while the mean capillary
density decreased. Other significant findings in COVID-19

patients were giant capillaries, avascular areas, micro-
aneurysms, and micro-hemorrhages [69].
Leukonychia and onychomadesis are other possible

manifestations of SARS-CoV-2 infection on the nail apparatus.
Combined retronychia, onychomadesis and red half-moon sign
have been reported in a 59-year-old woman twelve weeks after
PCR-confirmed SARS-CoV-2 infection [70].

Nail plate discolorations have also been observed - sometimes
due to medications [55,71]. Bright white or yellow green
fluorescence of nails under Wood’s light has been ascribed to
favipiravir [43,72]. Tammaro et al. (2021) reported an 89-year-
old woman who developed orange discolorations at the end of
her fingers nail beds 16-week post-COVID19 exposure (post-
COVID-19 syndrome) [73]. Demir et al. (2021) reported 23-year-
old male patient with past history of COVID-19, who presented
with heterogeneous red-white discoloration and distal onycholytic
areas of all nails (Terry’s nails) [ 74]. Red nail bands associated with
TE are a possible post-COVID-19 phenomenon [75].

Clinical examples are shown in Figure 3. Treatment options
are summarized in Table 2 [55,62,66,67,76,77].

Eccrine glands.

The first description of SARS-CoV-2 infection of eccrine
sweat ducts and glands - in particularly of Krt7+ luminal cells —
came from China [78].

An Italian study analyzed 10 children with papulo-purpuric
lesions, 3 of them were tested positive for SARS-CoV-2.
Immunohistochemistry with a SARS-CoV-2 (2019-nCoV)
nucleocapsid antibody resulted in a cuticular staining pattern of
the deep portion of eccrine sweat glands [79]. A 35-year-old
woman with COVID-19 presented purpuric cutaneous lesions.
Immunohistochemistry for SARS-CoV-2 spike protein detected
fine to coarse, bright red granular deposits in the cytoplasm
of eccrine secretory and excretory cells [80]. In two patients
presenting with urticarial vasculitis, nucleocapsid staining of
eccrine glands was demonstrated in either reticula dermis or
subcutaneous adipose tissue [81].
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Figure. 3. Nail disorders in COVID-19 patients.

(a) Beau’s line on the V. finger post-COVID, (b) Beau’s line on the
great toenail in a 2-year-old girl with asymptomatic Omicron variant.
(c) Onychoschisis (brittle nails) in a 3-year-old boy with asymptomatic
Omicron variant. (d) Acquired longitudinal melanonychia post-
COVID in a child.

Table 2. Treatment options in COVID-19 associated nail disorders.
Disorder/

Treatment options References
Symptom
. Khemani &
Beau’s line i:lfe_:;;lted’ ho treatment Khubchandani
Y 2007
Onychomadesis Self-limited, no treatment Salgado et al. 2017

necessary
No specific treatment
available, exclude mycosis

Discoloration of

the nail plate Wollina et al. 2021

Perlungual. Moisturizers Wollina et al. 2021
desquamation
Splinter No §pe01ﬁc treatment Wollina et al. 2021
hemorrhages available

. . . Farajzadeh et al.
Half-moon sign  No specific treatment available 2001
Ha}f—and-half No specific treatment available Kunimoto et al.
nails 2021

Brittle nails

Biotin 10 mg/d for 3-6 months |Chessa et al. 2020

An 89-year-old man presented with COVID-19 related skin
rash. Immunohistochemistry for SARS-CoV-2 spike protein
showed positive perinuclear staining in secretory cells of
eccrine glands, inner cells of dermal ducts, and acrosyringia
[82]. Immunohistochemical findings are further supported by
the detection of virions in the cytoplasm of eccrine epithelial
cells [83].

The presence of the virus in eccrine glands suggests sweat as a
source of contagion, but more studies are needed [84,85]. There
is no specific treatment available.

Sebaceous glands.

No direct affection of sebaceous glands has yet been observed.
In a single case of COVID-19 with Stevens-Johnson syndrome



(SJS) destruction of Meibomian glands had been reported [86].
SJS seemed to be responsible rather than COVID-19.

Conclusions.

Although skin appendages have not been described as primarily
affected by SARS Cov2 infection, due to increasing reports
published during the last two years, various manifestations
have been described. It is not clear if these manifestations occur
as direct effects of infection, inflammatory cytokines in the
cutaneous millieu or adverse drug reactions due to medications
used by patients. There is a debate on any correlation between
them and onset or severity of COVID-19 disease. Some findings
may just coincidental. Treatment of COVID-19 seems not to
interfere with the evolution of skin appendage disorders in the
great majority of cases, except the finding of favipiravir induced
fluorescence of keratinous material.

For daily practice skin appendage manifestations related to COVID
19 enrich the long list of comorbidities in SARS-Cov?2 infection.

Funding.
None.
Conlflicts of interest.

U. Wollina, A. Abdelmaksouk, A. Chiriac, P. Brezezinski, and
S. Aykut Temiz declare that they have no competing interests.

ORCID.

Uwe Wollina https://orcid.org/0000-0001-5933-2913

Ayman Abdelmaksouk https://orcid.org/0000-0003-4848-
959X

Piotr Brzezinski https://orcid.org/0000-0001-6817-606X

Selami Aykut Temiz http://orcid.org/0000-0003-4878-0045

Photo consent statement.

Permission was obtained for publishing clinical pictures by
patients or the parents, as appropriate.

Statement of contribution.

The concept had been developed by UW and AA. Material
sampling was done by AA, AC, PB, SAT and UW. AA, AC,
PB, SAT and UW contributed to the final manuscript. All
authors have read and confirmed the final manuscript.

REFERENCES

1. Kim D, Lee JY, Yang JS, et al. The architecture of SARS-
CoV-2 transcriptome. Cell. 2020;181:914-921.e10.

2.LiMY, LiL, Zhang Y, et al. Expression of the SARS-CoV-2
cell receptor gene ACE2 in a wide variety of human tissues.
Infect Dis Poverty. 2020;9:45.

3. Ganier C, Harun N, Peplow I, et al. Angiotensin-converting
enzyme 2 expression is detectable in keratinocytes, cutaneous
appendages, and blood vessels by multiplex RNA in situ
hybridization. Adv Skin Wound Care. 2022;35:219-223.

4. Senapati S, Banerjee P, Bhagavatula S, et al. Contributions
of human ACE2 and TMPRSS2 in determining host-pathogen
interaction of COVID-19. J Genet. 2021;100:12.

5. Tsang HF, Chan LWC, Cho WCS, et al. An update on
COVID-19 pandemic: the epidemiology, pathogenesis,
prevention, and treatment strategies. Expert Rev Anti Infect
Ther. 2021;19:877-888.

82

6. Abou Ghayda R, Lee KH, Han YJ, et al. The global case
fatality rate of coronavirus disease 2019 by continents and
national income: A meta-analysis. ] Med Virol. 2022.

7. Wollina U, Karadag AS, Rowland-Payne C, et al. Cutaneous
signs in COVID-19 patients: A review. Dermatol Ther.
2020;33:e13549.

8. Galvan Casas C, Catala A, Carretero Hernandez G, et al.
Classification of the cutaneous manifestations of COVID-19: a
rapid prospective nationwide consensus study in Spain with 375
cases. Br J Dermatol. 2020;183:71-77.

9. Genovese G, Moltrasio C, Berti E, et al. Skin manifestations
associated with COVID-19: current knowledge and future
perspectives. Dermatology. 2021;237:1-12.

10. Lucas JM, Heinlein C, Kim T, et al. The androgen-regulated
protease TMPRSS2 activates a proteolytic cascade involving
components of the tumor microenvironment and promotes
prostate cancer metastasis. Cancer Discov. 2014;4:1310-1325.
11. Nguyen B, Tosti A. Alopecia in patients with COVID-19: A
systematic review and meta-analysis. JAAD Int. 2022;7:67-77.
12. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute
COVID-19 syndrome. Nat Med. 2021;27:601-615.

13. Sharquie KE, Jabbar RI. COVID-19 infection is a major
cause of acute telogen effluvium. Ir J Med Sci. 2021:1-5.

14. Starace M, Iorizzo M, Sechi A, et al. Trichodynia and telogen
effluvium in COVID-19 patients: Results of an international
expert opinion survey on diagnosis and management. JAAD
Int. 2021;5:11-18.

15. Miiller-Ramos P, Ianhez M, Silva de Castro CC, et al. Post-
COVID-19 hair loss: prevalence and associated factors among
5,891 patients. Int J Dermatol. 2022.

16. Hussain N, Agarwala P, Igbal K, et al. A systematic review
of acute telogen effluvium, a harrowing post-COVID-19
manifestation. ] Med Virol. 2022;94:1391-1401.

17. Rossi A, Magri F, Sernicola A, et al. Telogen effluvium
after SARS-CoV-2 infection: a series of cases and possible
pathogenetic mechanisms. Skin Appendage Disord. 2021;21:1-5.
18. Triieb RM, Dutra Rezende H, Gavazzoni Dias MFR.
What can the hair tell us about COVID-19? Exp Dermatol.
2021;30:288-290.

19. Wambier CG, Tosti A. Reply to early-onset effluvium
secondary to COVID-19 and body hair effluvium. ] Am Acad
Dermatol. 2022;86:¢209-¢210.

20. Aksoy H, Yildirirm UM, Ergen P, et al. COVID-19 induced
telogen effluvium. Dermatol Ther. 2021;34:e15175.

21. Miola AC, Floréncio LC, Bellini Ribeiro ME, et al. Early-
onset effluvium secondary to COVID-19: Clinical and histologic
characterization. ] Am Acad Dermatol. 2021;86:¢207-e208.

22. Guarnieri G, Bertagna De Marchi L, et al. Relationship
between hair shedding and systemic inflammation in COVID-19
pneumonia. Ann Med. 2022;54:869-874.

23.DiLandro A, Naldi L, Glaser E, et al. Pathobiology questions
raised by telogen effluvium and trichodynia in COVID-19
patients. Exp Dermatol. 2021;30:999-1000.

24. Hennig V, Schuh W, Neubert A, et al. Increased risk of
chronic fatigue and hair loss following COVID-19 in individuals
with hypohidrotic ectodermal dysplasia. Orphanet J Rare Dis.
2021;16:373.



25. Gruenstein D, O'Mara M, Pa SH, et al. Telogen effluvium
caused by COVID-19 in Elmhurst, New Y ork: report of a cohort
and review. Dermatol Online J. 2021;27.

26. Moreno-Arrones OM, Lobato-Berezo A, Gomez-Zubiaur A,
et al. SARS-CoV-2-induced telogen effluvium: a multicentric
study. J Eur Acad Dermatol Venereol. 2021;35:¢181-¢183.

27. Gaudiello F, Ferrillo M, Vastarella M, et al. Repigmentation
of white forelock in a familial case of piebaldism reported via
tele dermatology in the COVID-19 era. Skin Appendage Disord.
2021;7:120-122.

28. Rinaldi F, Trink A, Giuliani G, et al. Italian survey for
the evaluation of the effects of coronavirus disease 2019
(COVID-19) pandemic on alopecia areata recurrence. Dermatol
Ther (Heidelb). 2021;11:339-345.

29. Sgubbi P, Savoia F, Calderoni O, et al. Alopecia areata
in a patient with SARS-Cov-2 infection. Dermatol Ther.
2020;33:e14295.

30. Kutlu O, Aktas H, Imren IG, et al. Short-term stress-related
increasing cases of alopecia areata during the COVID-19
pandemic. J Dermatolog Treat. 2020:1.

31.Rossi A, Magri F, Michelini S, et al. New onset of alopecia areata
in a patient with SARS-CoV-2 infection: Possible pathogenetic
correlations? J Cosmet Dermatol. 2021;20:2004-2005.

32. Capalbo A, Giordano D, Gagliostro N, et al. Alopecia
areata in a COVID-19 patient: A case report. Dermatol Ther.
2021;34:e14685.

33. Berbert Ferreira S, Gavazzoni Dias MFR, Berbert Ferreira R,
et al. Rapidly progressive alopecia areata totalis in a COVID-19
patient, unresponsive to tofacitinib. J Eur Acad Dermatol
Venereol. 2021;35:e411-e412.

34. Hayran Y, Yorulmaz A, Giir G, et al. Different hair loss
patterns in two pediatric patients with COVID-19-associated
multisystem inflammatory syndrome in children. Dermatol
Ther. 2021;34:¢14820.

35. Rinaldi F, Trink A, Giuliani G, et al. Italian survey for
the evaluation of the effects of coronavirus disease 2019
(COVID-19) pandemic on alopecia areata recurrence. Dermatol
Ther (Heidelb). 2021;11:339-345.

36. Aryanian Z, Balighi K, Hatami P, et al. The role of SARS-
CoV-2 infection and its vaccines in various types of hair loss.
Dermatol Ther. 2022:¢15433.

37. Khezri MR, Ghasemnejad-Berenji M. The probable
mechanism of hair loss in patients with COVID-19. Am J
Dermatopathol. 2022.

38. Kog Yildirim S, Erbagci E, Demirel Ogiit N. Evaluation
of patients with telogen effluvium during the pandemic: May
the monocytes be responsible for post COVID-19 telogen
effluvium? J Cosmet Dermatol. 2022.

39.Mal, LiuJ, Gao D, et al. Establishment of human pluripotent
stem cell-derived skin organoids enabled pathophysiological
model of SARS-CoV-2 infection. Adv Sci (Weinh).
2022;9:¢2104192.

40. Rajabi FS, Drake LA, Senna MM, et al. Alopecia areata: a
review of disease pathogenesis. Br J Dermatol. 2018;179:1033-
1048.

41. Shanshal M. COVID-19 related anagen effluvium. J
Dermatolog Treat. 2020:1-2.

83

42. Scollan ME, Breneman A, Kinariwalla N, et al. Alopecia
areata after SARS-CoV-2 vaccination. JAAD Case Rep.
2022;20:1-5.

43. Turan C, Metin N, Utlu Z, et al. Evaluation of the frequency
and intensity of favipiravir-associated yellow-green fluorescence
in lunulae, hair, and face. J Cosmet Dermatol. 2022;21:1199-
1207.

44. Coban K, Durusoy C. Nail and hair findings developing
in patients treated for COVID-19 infection fluorescence of
keratinized tissues on Wood's lamp in COVID-19 disease. J
Cosmet Dermatol. 2022.

45. Kelly Y, Blanco A, Tosti A. Androgenetic alopecia: an
update of treatment options. Drugs. 2016;76:1349-1364.

46. Georgescu SR, Amuzescu A, Mitran CI, et al. Effectiveness
of platelet-rich plasma therapy in androgenic alopecia - a meta-
analysis. J Pers Med. 2022;12:342.

47. Petrov A, Vasileva M. Effect of platelet-rich plasma on
diffuse effluvium in post-COVID-19 infection. Our Dermatol
Online. 2021;12:267-269.

48. Sanchez-Diaz M, Montero-Vilchez T, Bueno-Rodriguez A,
et al. Alopecia areata and dexamethasone mini-pulse therapy, a
prospective cohort: real world evidence and factors related to
successful response. J Clin Med. 2022;11:1694.

49. Zheng C, Tosti A. Alopecia areata: new treatment options
including Janus kinase inhibitors. Dermatol Clin. 2021;39:407-
415.

50. Asghar F, Shamim N, Farooque U, et al. Telogen effluvium:
a review of the literature. Cureus. 2020;12:¢8320.

51. Rizzetto G, Diotallevi F, Campanati A, et al. Telogen
effluvium related to post severe Sars-Cov-2 infection: Clinical
aspects and our management experience. Dermatol Ther.
2021;34:e14547.

52. Shome D, Kapoor R, Surana M, et al. Efficacy of QR678
Neo® hair growth factor formulation for the treatment of hair
loss in COVID-19-induced persistent telogen effluvium - a
prospective, clinical, single-blind study. J Cosmet Dermatol.
2022;21:16-23.

53. Saleh D, Nassereddin A, Cook C. Anagen Effluvium. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; 2022.
54. Brzezinski P, Zawar V, Chiriac A. Trichodynia silenced
effectively with propranolol. Int J Trichology. 2019;11:41-42.
55. Wollina U, Kanitakis J, Baran R. Nails and COVID-19 -
a comprehensive review of clinical findings and treatment.
Dermatol Ther. 2021;34:e15100.

56. Yanatma I, Cenk H. Evaluation of nail findings in patients
with COVID-19 history and Wood's lamp examination. Skin
Appendage Disord. 2021;38:1-6.

57. Fernandez-Nieto D, Jimenez-Cauhe J, Ortega-Quijano D,
et al. Transverse leukonychia (Mees' lines) nail alterations in a
COVID-19 patient. Dermatol Ther. 2020;33:e13863.

58. Preda-Naumescu A, Penney K, Pearlman RL, et al. Nail
manifestations in COVID-19: insight into a systemic viral
disease. Skin Appendage Disord. 2021;183:1-6.

59. Thuangtong R, Angkasekwinai N, Leeyaphan C, et al.
Patient recovery from COVID-19 infections: follow-up of
hair, nail, and cutaneous manifestations. Biomed Res Int.
2021;2021:5595016.



60. Neri I, Guglielmo A, Virdi A, et al. The red half-moon nail
sign: a novel manifestation of coronavirus infection. J Eur Acad
Dermatol Venereol. 2020;34:€663-e665.

61. Unal E, Cakmak SK, Yorulmaz A. The red half-moon nail
sign ina COVID-19 patient. Our Dermatol Online. 2022;13:223-
224,

62. Farajzadeh S, Khalili M, Dehghani S, et al. Top 10 acral skin
manifestations associated with COVID-19: A scoping review.
Dermatol Ther. 2021;34:e15157.

63. Ocampo-Garza SS, Ocampo-Candiani J, Camela E, et al.
Nail changes as manifestation of systemic disease in COVID-19
infection. J Eur Acad Dermatol Venereol. 2021;35:e474-e475.
64. Alobaida S, Lam JM. Beau lines associated with COVID-19.
CMAI. 2020;192:E1040.

65. Wolf GK, French LE. Beau-lines of the fingernails in
association with pediatric SARS-CoV-2 infections. J Dtsch
Dermatol Ges. 2021;19:744-745.

66. Khemani C, Khubchandani R. Beaus lines. Indian Pediatr.
2007;44:47.

67. Salgado F, Handler MZ, Schwartz RA. Shedding light on
onychomadesis. Cutis. 2017;99:33-36.

68. Aouali S, Sefraoui S, Zizi N, et al. Half and half nail, is it a
marker of severe COVID-19 infection? Ann Med Surg (Lond).
2021;71:102963.

69. Karahan S, Aydin K, Cetinkaya A, et al. Nailfold video
capillaroscopy in patients with COVID-19-associated
pneumonia in intensive care units. J Coll Physicians Surg Pak.
2022;32:455-460.

70. Ceccarelli MA, Nakamura RC, Canella C. Multiple
retronychia following COVID-19 infection. Vis J] Emerg Med.
2021;24:101087.

71. Hadeler E, Morrison BW, Tosti A. A review of nail findings
associated with COVID-19 infection. J Eur Acad Dermatol
Venereol. 2021;35:€699-¢709.

72. Durmaz EQO, Demircioglu D. Fluorescence in the sclera,
nails, and teeth secondary to favipiravir use for COVID-19
infections. J Clin Aesthet Dermatol. 2022;15:35-37.

73. Tammaro A, Adebanjo GAR, Erasmus HP, et al. Transverse
orange nail lesions following SARS-CoV-2 infection. Dermatol
Ther. 2021;34:¢14688.

74. Demir B, Yuksel EI, Cicek D, et al. Heterogeneous red-
white discoloration of the nail bed and distal onycholysis in
a patient with COVID-19. J Eur Acad Dermatol Venereol.
2021;35:e551-e553.

84

75. Thakur V, Bisht YS, Sethi S, et al. Red nail bands in
conjunction with telogen effluvium as a post-COVID-19
phenomenon. Australas J Dermatol. 2022;63:141-142.

76. Kunitomo R, Matsubara H, Kaname S. Half-and-half nail.
Clin Exp Nephrol. 2021;25:911-912.

77. Chessa MA, lorizzo M, Richert B, et al. Pathogenesis,
clinical signs, and treatment recommendations in brittle nails: a
review. Dermatol Ther (Heidelb). 2020;10:15-27.

78.LiuJ, Li Y, Liu L, et al. Infection of human sweat glands by
SARS-CoV-2. Cell Discov. 2020;6:84.

79. Gianotti R, Restano L, Cutrone M, et al. Papulo-purpuric
dermatitis of childhood: a distinct PLEVA-like eruption
associated to SARS-CoV-2 infection. Clinical, histopathological
and immunohistochemical study of 10 cases. Pediatr Dermatol.
2021;38:1185-1190.

80. Santonja C, Heras F, Nuiiez L, et al. COVID-19 chilblain-
like lesion: immunohistochemical demonstration of SARS-
CoV-2 spike protein in blood vessel endothelium and sweat
gland epithelium in a polymerase chain reaction-negative
patient. Br J Dermatol. 2020;183:778-780.

81. Criado PR, Criado RFJ, Gianotti R, et al. Urticarial
vasculitis revealing immunolabelled nucleocapsid protein of
SARS-CoV-2 in two Brazilian asymptomatic patients: the tip of
the COVID-19 hidden iceberg? J Eur Acad Dermatol Venereol.
2021;35:€563-e566.

82. Nishimori N, Niwa Y, Kazama A, et al. Extensive expression
of SARS-CoV-2 spike protein from the eccrine secretory gland
to acrosyringium in the maculopapular eruption of a COVID-19
patient. J Dermatol. 2022;49:e11-e12.

83. Caputo V, Metze D, Bonoldi E, et al. Peculiar histopathologic
feature of an erythematous/morbilliform eruption in a COVID-
19-positive patient. Am J Dermatopathol. 2021;43:962-964.
84. Ingravallo G, Mazzotta F, Resta L, et al. Inflammatory
skin lesions in three SARS-CoV-2 swab-negative adolescents:
a possible COVID-19 sneaky manifestation? Pediatr Rep.
2021;13:181-188.

85. Cazzato G, Mazzia G, Cimmino A, et al. SARS-CoV-2 and
skin: the pathologist's point of view. Biomolecules. 2021;11:838.
86. Shahraki T, Hassanpour K, Arabi A, et al. Corona virus
disease 2019-associated Stevens-Johnson syndrome: a case
report. BMC Ophthalmol. 2021;21:274.



	Title

