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ABSTRACT

Ever since the first case of Covid 19 pneumonia-like condition was reported from Wuhan, China,
researchers were seriously engaged in uncovering evidence of the involvement of organs other
than the lung, like kidney, heart, brain, liver and gut. From the dermatologists, world over,
specifically from UK, USA, France and ltaly etc., reports of Cutaneous involvement in Covid 19
started to pour in, since April - May of 2020. From the localised and benign cutaneous lesions-like
Covid toes to moderately severe exanthematous rashes like the morabilliform and vesicular rashes,
to more severe, livedoid /necrotic and haemorrhagic rashes were reported. The last group in
particular, was associated with underlying potentially fatal pathological conditions like
hypercoagulable state and disseminated intravascular coagulation (DIC).These types of cutaneous
lesions could be clinically the fore-runner of the underlying pathological states and indicate grave
prognosis. Such cases need intensive care management, not because of the skin lesions but for
the fatal underlying processes which cause them. In many instances of less severe to moderately
severe manifestations as mentioned above, the link to Covid 19, is more circumstantial than direct,
as most of them are negative for SARS CoV 2 virus. The one reason for attributing some of these
lesions to Covid 19, was due to the fact that they were observed at the height of the Covid 19
epidemic in the countries concerned. Even some researchers expressed doubt, that some of the
exanthematous lesions of Covid 19 could be due to an independent seasonal virus or due to the
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19 in part 2, that would follow.

coexistence of another concurrent viral disease. The latest report of the coexistent CMV viral
infection in Covid 19 patient in April 2020 (Damiano D’Ardes, Andrea Boccatonda, et al.) would
support the possibility simultaneous of dual infection. Yet another view was that it could be a
delayed manifestation or an epiphenomena of Covid 19. Dengue-like and Kawasaki disease- like
lesions were cited as examples of how Covid 19 could mimic other potentially serious diseases.
Understandably, all the cutaneous lesions could not be considered on the same footing and hence
the necessity to eschew any cavalier approach to any dermatological manifestation that turns up in
the context of Covid 19 infection. An attempt was made to review and present the clinical spectrum
of cutaneous manifestations of Covid 19, reported till date in the literature, in this part of the article.
It was planned to discuss the pathology and pathogenesis of the cutaneous manifestations of Covid

Keywords: Covid toes; dengue-like rash; kawasaki disease-like lesions; multi system inflammatory

syndrome.
1. INTRODUCTION

The first case of the cutaneous manifestations of
COVID -19 was reported in the early April 2020
by the dermatologists of France. On 18th April,
another case from Belgium was reported in the
American journal of Dermatology. Dermatologists
in ltaly and France first noticed these skin
lesions, especially, the chilblain- like lesions at
the height of the epidemic in their countries,
followed by those from Europe and America.
Since then, there was sudden surge in the
reporting of the cases similar to frostbite or
pernio, among kids in the areas severely affected
by Covid-19. Several types of skin lesions were
described, since the initial report by Recalcati [1].
Cutaneous lesions with laboratory-confirmed
COVID-19 were described in two Chinese
cohorts [2,3]. Diversity of clinical appearance of
cutaneous manifestations in the course of
COVID-19.Was reported by Guarneri C, Venanzi
Rullo E, et al .[4] In April of 2020, from the United
Kingdom  pediatric inflammatory multisystem
syndrome temporally associated with SARS-

CoV-2 [PIMS-TS] in children similar to
incomplete Kawasaki disease (KD) was
reported.[5] Since then, there had been

increasing reports of similarly affected children in
other parts of the world.The various cutaneous
manifestations of Covid 19 were reviewed by
several authors. [6,7,8,9,] Some of the reviews
were from the hospitalized cases [10] and others
from the non-hospitalized patients [11]. American
Academy of Dermatology (AAD) COVID-19 Task
Force launched an online COVID19 dermatology
registry,[12] where a record of the reported Covid
19 related cutaneous manifestations was
maintained. There were several studies that were
contributory to our wunderstanding of the
cutaneous lesions of Covid 19, a few of which

were quoted here. Galvan Casas C.Catala A.
Carretero Hernandez G et al. [13], collected data
between 3" April to 16 April 2020, during the
peak of the epidemic in Spain and after
exclusions, created a data base of 375 cases.
They classified the overall cutaneous
manifestations into 5 groups and indicated their
relative incidence. The overall mortality is put
around 2.9%. Sachideva et al. [14] reviewed
eighteen articles and three additional cases,
reported apart from the relative incidence of
various skin manifestations, and other interesting
observations regarding the time of onset of
symptoms of the disease and time taken for
healing. “The timing appearance of skin lesions
ranged from 3 days before to 13 days after
diagnosis, and 12.5% at diagnosis or onset of
COVID-19 symptoms, while 69.4% after the
COVID-19 diagnosis. Of these, 74.0% developed
cutaneous pathology within 7 days, and 6.0%
reported lesions after 7 days. Of the 50 cases
with reported healing times, 100% healing of
cutaneous lesions, occured within 10 days. Of
these 48.0% of lesions healed within 7 days and
50.0% of lesions healed after 7 days”. Jia JL,
Kamceva M et al 2020) [15] reviewed all articles
published between December 31st, 2019 and
May 3, 2020. A total of 997, cases from 64
countries with skin manifestations related to
COVID-19 were analysed and published. Key un
Tanget al reviewed 14 studies with 228
confirmed cases of Covid 19 and published their
findings [16].

2. DISCUSSION
2.1 Three Clinical Pheno Types

Basing on the multiplicity of morphology of the
lesions, the different epidemiological settings in
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which they were presented, the severity and
prognosis etc., the author proposed 3 phenotypic
clinical presentations of the cutaneous
manifestations of the Covid 19. This perspective
may help the clinician to have a basic idea and
anticipate the type of skin rash under a given set
of conditions. However these clinical types are
not water-tight compartments and clinical overlap
between groups is possible. Thus a middle aged
person might have severe infection associated
with increased mortality and an old aged patient
could have a more benign clinical course with
favourable outcome. Any particular rash may
occur, cutting across the age barriers. With these
limitations, the characteristics of the 3
phenotypic group characteristics were
considered below.

The classification of various types of cutaneous
lesions found in the literature and their
comparative relative incidence are shown
respectively in Table 2 and Table 3.

2.2 Clinically Recognized Cutaneous

Lesions in Covid 19
2.2.1 The acral lesions

2.2.1.1 The Covid toe or Chilbain Like Lesions
(CLL)

There were several reports in the literature on
chilblain-like lesions occurring during Covid 19
infection [17-20]. 80 out of 318 cases in the
American Academy of Dermatology/International
League of Dermatologic Societies registry
developing lesions after the onset of other
COVID-19 symptoms. This finding is similar to
data from Spain, where 42 out of 71 patients
developed lesions after other symptoms .Covid
toe is a fanciful name, given to a frostbite like
(CLL) /pereniosis like lesion seen on toes and
sometimes on fingers. Both have share the same
clinical and histological features hearing
Covid 19 acral lesions the frostbite perineo like
lesions.

2.2.2 CLL- some facts

e Tend to affect younger
pediatric groups

e Less severe disease.

e The pseudo-chilblain pattern frequently
appears late in the evolution of the
COVID-19 disease (59% after the onset of
the other symptoms)

patients and
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e Lasted longer (mean duration 12-7 days),
May be associated with purpuric areas,
affecting the hands and feet.

They are usually asymmetrical.

May cause pain (32%)

Show itching. (30%).

May show Vesiculation, pustulation,
ulceration and haemorrhages some
cases.

e They have been described across the age
spectrum in patients with confirmed or
suspected COVID-19, in the absence of
cold exposure or underlying conditions
associated with pernio.

2.2.3Is CLL, due to Covid 19?

The debate is still on, with dermatologists all over
the world, taking sides. The occurrence of Covid
toe in young asymptomatic patients who tested
negative for SARS CoV 2 (see vide infra) is the
point raised by those who do not consider the
Covid 19 link. The protagonists maintain that
such cases represent atypical cases of Covid 19
as seen in young ltalians, at the height of the
epidemic Yet others, documented with clinical
photographs, histological pictures showing
frostbite-like pathology with clinico-pathological
correlation. Neither CDC nor WHO seems to
have made any comment, on this matter till date.

The histopathological features of Dense
superficial and deep lymphocytic infiltrate,
marked Sub -epidermal oedema, lymphocytic

perivascular Infiltrate ~ within ~ the dermis and
sometimes extending to the sub cutis,are points
similar to chilblains suggesting a possible link
between the two. This was thought to represent
“lymphocytic vasculitis”, The most characteristic
finding in chilblains in 47% of cases was the
association of edema and reticular dermis
infiltrate that showed a perieccrine reinforcement.
52% of cases showed necrotic keratinocytes in
the epidermis. It could also be perhaps due to
seasonal virus of the region unrelated to Covid
19 or may be due to concurrent co-infection with
other infections. A short discussion on these
lines follows vide infra.

2.2.4 Pernio-like lesions may represent a
postviral or delayed-onset process

There are several case reports of patients with
pernio-like lesions testing positive for either
immunoglobulin M (IgM) or immunoglobulin G
(IgG) for SARS-CoV-2 infection and negative for
polymerase chain reaction (PCR), possibly
indicating a later stage in the disease process
[21].
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Table 1. The group characteristics

Feature The first group The second group Third group
1 Age group Paediatric Middle aged Older age
2  Lesions Acral lesions Truncal lesions Whole body
3  Lesion Type Mostly chilblain-like Morbilliform / vesicular Haemorrhagic/ Levidoid
4 Severity Less Moderate Extremely high
5  Treatment Spontaneous healing Symptomatic treatment Hospital/ICU treatment
6  Symptoms Asymptomatic / Paucisymptomatic Mildly symptomatic Severely symptomatic
7  SARS virus Negative Positive/ Negative Positive
8  Thrombotic/ Embolic lesions No Not seen Commonly seen
9 Management Treated on OPD basis OPD/Hospitalization Hospitalization/ ICU
10 Prognosis Good Good Guarded
11 Outcome Good Good Could be fatal in some.
12 Comorbidities Nil May/ may not be present Usually present

Table 2. Classification of the skin lesions seen in Covid 19

Predominantly Acral distribution

Predominantly Truncal distribution |

Common Variants Common Others
A Frostbite like / Perineo like /  With or without associated vesiculation A Pityriasis Rosea-like Grover’s disease like rash
Chilblain like / Covid toes pustulation and ulceration. (maculopapulosquamous lesions)
B Plaques on toes and fingers B Vesicular lesions EMF like lesions Kawasaki like rash
Chickenpox like lesions
C Ischemic lesions (Acral C Morbilliform rash Herpes zoster cases
ischemia)
D Urticarial type of lesions Dengue-like rash.
E Livedoid /necrotic lesions
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Table 3. Incidence of types of skin lesions in Covid 19 infection

| Lesion Type Reported Incidence

Galvan et al. Sachideva et al. Jia JL
1 Pseudo-chilblain 19% 15.38% 41.1%
2 Vesicular eruptions 9% 34. 7% 10.1%
3 Urticarial lesions 19% 9 .4% 21.8%
4 Maculopapules 47% 36.1 % 23.1 %
5 Livedoid or necrosis 6% 2.6% 2.3%
6 Petechiae
7 Lesions on the trunk 69.4%
8 Acral lesions 19.4%

2.2.5 Concurrently present another seasonal
virus behind the skin lesions of Covid
19?

Many of the truncal lesions and Covid toe cases
negative/positive for SARS CoV 2 mimic
seasonal bacterial, virulent mycoplasma lesions
giving suspicion to some of the manifestations
may be unrelated to the SARS CoV 2. This point
is entertained by more than one researcher. No
attempt has been made to characterise any other
concurrent viral infection behind some of the
SARS CoV. Instead, shelter is taken under terms
such as “atypical presentation" circumstantial
evidence due to occurrence at the height of Covi
19 pandemic. The first case of a concurrent
Epstein bar virtual infection in Covid 19 patient is
reported [22].

2.2.6 Persistence of positive test for SARS
CoV2 virus in Covid toe

There is increasing evidence that pernio-like
lesions could , in some cases, appear while
patients were still PCR-positive for the virus,
which has potential implications for infectivity and
viral spread [23] In the American Academy of
Dermatology/International League of
Dermatologic Societie’s registry study, of 318
cases from eight countries, 14 of these cases
were PCR positive. In an ltalian study that

screened 22 patients  presenting  with
pernio-like lesions, (26 percent) were PCR
positive for SARS-CoV-2 [24].The

finding of PCR positivity is not universal [25]
and not all new-onset pernio during the COVID-
19 epidemic was necessarily related to COVID-
19.

2.2.7 Persistent CLL with
positivity to SARS2 virus

concurrent

A. G Locatelli E. Robustelli TestP. Vezzoli A.
Carugno (May 2020) [26] reported a case of

persistent CLL with concurrent positivity to
SARS?2 virus with histopathological evidence. It is
hinted that the pausi-symptomatic cases like the
one described, ould pose public health problem
and hence the importance of screening
persistent CLL cases for the virus.

2.2.8 Covid toe cases testing negative for the
Covid 19 virus

Persistently negative for SARSCoV2: lin Covid
toe and other Truncal lesions reported by several
authors [27-31]

It is possible false-negative rates may be
higher in minimally symptomatic persons. Recent
cases of acral perniosis are unrelated to

SARS-CoV-2 infection directly and instead
represent a temporally associated
epiphenomenon that is not yet fully

understood. May represent a response to
subclinical infection or a convalescent-phase
reaction, given the uncertain relationship to
SARS-CoV 2.

Asymptomatic/pauci-symptomatic  pediatric
Covid toe patients [32,33,34]: The cause might
be due to probably healthy children having a
robust initial IFN-1 immune response to infetion
that produces transient cold-like symptoms or no
symptoms at all, and which may both protect
from progressive infection and precipitate
inflammatory perniosis.

2.2.9 The time of onset of skin lesions

Since exposure, ranged from 3 days before to 13
days after diagnosis. And 12.5% at
diagnosis or onset of COVID-19 symptoms,
while 69.4% of COVID-19 diagnosis of these
74.0% developed cutaneous pathology
within 7 days, and 6.0% reported lesions after 7
days. Of the 50 cases with reported healing
times:
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100% healing of cutaneous lesions, within 10
days. Of these 48.0% of lesions healed within 7
days and 50.0% of lesions healed after 7
days”.

2.2.10 Clustering of Covid toe cases

Kelly M. Cordoro Sean D. Reynolds [35]
described  six healthy adolescents—three
siblings per family from two unrelated families—
presented within a 48-hour period in April, 2020,
with acral perniosis-like lesions in the context of
over 30 similar patients . Skin biopsies performed
on each of the six patients demonstrated near
identical histopathological findings to those of
idiopathic  perniosis, with a lymphocytic
inflammatory infiltrate without evidence of
thromboembolism or immune complex vasculitis.
While SARS-CoV-2 polymerase chain reaction
was negative, testing was performed 1-2 weeks
after URI symptoms or sick contact exposure.
Another observed feature is occurence of
clusters of Covid toe cases. The significance of
this observation is not known. These authors
opine that these skin findings represent a
convalescent-phase cutaneous reaction to
SARS-CoV-2 infection Such clusters were
reported in Australia [36] and China [37] during
unusually cold periods. Such clusters were also
seen during viral and mycoplasma infections.
[35] described such cluster in two unrelated
siblings in warmer climate.While clusters of
perniosis cases had been reported in Australia
and parts of China during unusually cold periods,
perniosis had also clustered in association with
viral and bacterial infection
including Mycoplasma. Cold agglutinins and
cryoglobulins produced in response to viral
infection were hypothesized as a cause of
postlinfectious perniosis.

2.2.11 Simultaneous presence of multiple
types of lesions in a patient

Sarah Young, and Anthony P. Fernandez [38]
presented a case of Covid 19 with multiple types
of cutaneous lesions differing in morphology and
occurring simultaneously was reported in a 68-
year-old critically ill man with COVID-19 who had
a morbilliform rash on his trunk acral purpura
reminiscent of perniosis and an ulcerated,
purpuric plaque with retiform/livedoid borders on
his buttocks. A biopsy from the abdomen shows
groups of apoptotic keratinocytes in the
epidermis, suggestive of a viral exanthema.
A biopsy from the buttocks showed
features  consistent with a  thrombotic
vasculopathy.
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2.2.12 Demonstration of viral particle in lung
and acral capillaries

Our understanding of the pathogenesis of these
lesions was still under evolution, though it
appears to be a primarily inflammatory process.
[39,40,41,42]

The demonstration by immuno-histochemistry
and electron microscopy of the virus causing
severe acute respiratory syndrome (SARS-CoV-
2), in endothelial cells of lesional skin biopsies in
a small series of pediatric patients suggests a
virus-induced, vascular injury as a potential
pathogenic mechanism [43]

3. TRUNCAL LESIONS
3.1 Exanthematous Morbilliform Rash

778% In an ltalian cohort had an
erythematous/morbilliform  eruption.  Several
Spanish groups have also reported morbilliform
eruption with one case accompanied by focal
purpura. Several case series, a morbilliform rash
predominantly involving the trunk were reported
as the most common cutaneous manifestation of
COVID-19.[44,45,46,47] The rash was noted
either at the disease onset or, more frequently,
after hospital discharge or recovery. In some
cases it was perifollicular and associated with
scaling and confluence, which might cause it to
be mistaken for pityriasis rosea (pityriasis rosea -
like lesions) [48]. They heal in 7 to 10 days time
requiring symptomatic treatment.Treated on OPD
basis and prognosis is good.

3.2 Vesicular Rash

EMF like lesions,chicken pox like lesions are
described in Covid 19 patients Increased
incidence of Herpes Zoster is also reported.

3.2.1 EMF-like lesions

Antonio Torrelo David Andina, Carlos Santonj
[49] reported chilblain-like lesions along
erythema multiforme (EMF), 3 of them were
negative to SARS-CoV2.Immunohistochemistry
for SARS-CoV/SARS-CoV-2 spike protein
showed granular positivity in endothelial cells
and epithelial cells of eccrine glands in 2
biopsies. All patients were pauci- symptomatic
and the outcome was good.

J Jimenez-Cauhe et al. [50] described 4 case of
EMF -like lesions in Covid 19 patients.
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Consisting of erythemato-violaceous patches
with a dusky centre, and a pseudo-vesicle in the
middle, involving upper trunk, back face and
limbs but not palms and soles. Typical target
lesions and palatal macules and petechial are
also reported by a few patients. Histologically-
normal basket-weave stratum corneum, and mild
to moderate spongiosis in epidermis, dermis
showing dilated vessels filled with neutrophils,
extravasation of red blood cells, and lymphocytic
perivascular and interstitial infiltrate. resolution
occurred  within 2-3 weeks of corticosteroid
treatment targetoid lesions in Covid 19 reported
by Amatore F, Macagno N, Mailhe Met al (2020)
[51] and Amatore F, Macagno N, Mailhe Met al
[52]

3.2.2 Chicken pox like lesions

22 case of RT-PCR positive Covid 19 cases
were reviewed by Angelo Valerio Marzano,
Giovanni Genovese, and Piergiacomo
Calzavara-Pinton et al. [563]. The details are
tabulated below.

AV, Genovese G, Fabbrocini G, et al described
an exanthem of chickenpox like rash in a Covid
epidemic of 22 patients [54]

3.2.3 Rash resembling Grover’s disease

Gianotti R, Zerbi P, Dodiuk-Gad RP [55]
reviewing histopathological feature of various
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lymphocytic satellitosis. These overlapping
features mimicking a viral infection and Grover
disease have already been described in patients
with  simultaneous Grover and Kaposi's
varicelliform eruption.

3.3 Acute Urticarial Rash

Recalcati S, reported a few cases of urticaria
occurring during Covid 19 infection.D. Henry M.
Ackerman E. Sancelme A. Finon E et al reported
a case of acute urticaria 3 days before the pt
became positive for SARS 2 virus and symptoms
began.Recalcati S. noted an increase in IL-6,
PCR, andd-dimer [56,57,58] inflammatory
factors that are greatly increased during COVID-
19 The IL-6 is the possible immunological link
between them.

3.4 Ischemic Acral Lesions

These lesions were confused with chilbain-like
lesions and levidoid /necrotic lesions by some
authors. Others favour these as distinct entities.
Zhang Y, Cao W, Xiao M, et al. [59] in a early
analysis from Wuhan, China, reported 7 cases of
acral ischemia in critically ill patients with
COVID19 pneumonia. The most common
manifestations of such ischemia included plantar
plaques and acrophytic bruises. Five out of the
seven patients died of the disease. Kathryn
Schultz et all [60] described two cases of acral
ischemia involving two fingers, suggesting that
acral ischemia has poor prognosis. Clinical and

types of skin lesions seen in Covid 19, described  histopathological ~ features ~ and  potential
a case of maculopapuar rash resembling Pathological mechanisms of skin lesions in
Grovers disease- like feature. diffuse COVID-19. Acral ischemia case that occurred in
maculopapular eruptio.n involving only the trunk, older pts treated in ICU setup and are fore
clinically —suggestive for Grover disease. runners of DIC had fatal outcome. Haemorrhagic
Histopathology showed, in addition to the classic turn of the rash rash also occurred in similar
dyskeratotic cells, ballooning multinucleated cells ~ conditons ~ and  were  associated  with
and sparse necrotic keratinocytes with  intravascular thrombosis.
Table 4. Description of chickenpox like lesions
| S. No Feature Findings
1 Median Age 60 Years
2 Gender Males — 72.7%
3 Median time from symptoms to exanthem 3 days
4 Median duration of skin manifestations 8 days
5 Distribution of lesions
Scattered 72.7%
Diffuse 27.3%
6 Site involved
Trunk Predominantly
Limbs Some cases
Face / Mucosa Not involved
7 Mild Itching 40.9%
8 Skin Biopsy Consistent with viral infection
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3.5 Livedo-like/Retiform Purpura/Necrotic
Vascular Lesions

These lesions were reported in patients with
COVID-19 [61,62,63]. Retiform purpura and
necrotic vascular lesions were described in three
patients with severe pulmonary disease [64].
Histologic and immunohistochemistry studies of
skin biopsies revealed a pattern of complement-
mediated microvascular injury in both involved
and normally appearing skin. Histopathological
findings of thrombotic vasculopathy and/or
laboratory coagulation alterations had been
demonstrated in patients with severe COVID-19
and acral, ischemic lesions [65]. InYoung Kim
(2020) reported systematic review of 46 articles
with 997 patients from 9 countries with skin
manifestations related to COVID-19 , found the
incidence of levidoid /necrotic lesions to be 2.3%.

3.6 Dengue-like Rash

Gabriel Yan et al [66] reported 2 cases of
COVID-19 patients coinfected with dengue fever
in Singapore. Beuy Joob et al [67] described a
case from Thailand with petechial rash with low
platelet counts, initially thought to be due to
dengue. In a few days, the patient developed
respiratory symptoms and turned positive for the
SARS CoV 2. Di Wu, Jianyun Lu, and Weiyun et
al [68] contended on the strength of 3 cases that
dengue and SARS CoV 2 might coexist
simultaneously, especially where dengue was
endemic in counties like Thailand, Singapore,
Malaysia and Central America. They advised
screening of all cases of either disease for the
simultaneous occurrence of both the diseases.

3.7 Like Disease (KD) in Covid -19

Cases resembling Kawasaki disease in children
were reported in April-may 2020 from UK, USA,
France and China. [69] Cases were being
reported from Mumbai, India also recently. The
rash and fever bring Covid 19 into differential
diagnosis with KD and SARS cov 2 positivity
establishes the link between the two. Both share
the feature of a systemic arteritis especially
involving the coronary arteries. Additionally the
KD associated with covid 19, exhibited evidence
of multi systemic inflammation involving not only
the heart but also lungs, liver, and kidneys etc.
So this new disease is named as " Multisystem
inflammatory  syndrome”(MIS). In  children
syndrome paediatric inflammatory multisystem
syndrome temporally associated with SARS-
CoV-2 [PIMSTS], [70] The syndrome appears
typically 2 to 3 weeks after the child becomes.
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4. CONCLUSION

This article reviewed the reported cases of
cutaneous manifestations of Covid 19, in the
literature till date. The author introduced three
clinical phenotypes which correlate with
epidemiological and clinical aspects of the
various types of lesions described. It is observed
that the serious dermatological manifestations
like haemorrhagic; livedoid and necrotic rashes
correlate with the degree of severity of the
severely ill patients admitted in ICU. Benign
lesions like Covid toes, occur late in the course
of the disease when patients might turn out to be
negative for the SARS CoV2 virus, resulting in
lesions appearing to be unrelated to Covid 19.
Alternatively it could be a late or epiphenomena
as contended by some authors. The other

exanthematous lesions like vesicular and
morbilliform rash etc could be due to
manifestations as seen with any other

exanthematous viral diseases or could be more
specifically related to the Covid 19 or might be
due to coexistence of unrelated seasonal
viruses. Future research might shed more light
on these aspects.
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