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With a practice dedicated to hair restoration and hair loss management, the authors

have seen a large number of patients presenting with increased hair fall in the last
18 months. Hair fall after a stressfull event such as infections with febrile episodes is
known. However, the latent period between the infective episode and hair fall has been
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Introduction

Coronavirus disease 19 (COVID-19) is the third documented
spill-over of an animal coronavirus to humans and can be
regarded as a systemic viral illness based on its involvement
in multiple major organ systems.' This novel coronavirus
(CoV) is a positive-stranded RNA virus with a crown-like
appearance caused by spike glycoproteins on the envelope
designated as severe acute respiratory syndrome-related
coronavirus-2 (SARS-CoV-2)."2

The story that began in the city of Wuhan of the Hubei
province of China has spread to most parts of the world.? As
per the World Health Organization (WHO), the cumulative
number of cases reported globally is now over 190 million
and the number of deaths exceeded 4 million as of July 2021.#

More than a year into the pandemic and we have learned
to expect the unexpected and are still uncovering different
ways the SARS-COV2 virus is affecting humans. Moreover,
since the start of the ongoing pandemic, the authors
who have a practice dedicated to hair restoration, have
been approached by a large number of patients presenting
with effluvium most of whom suffered COVID-19 infection
but there were a few who did not have any history of
infection.
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shorter after COVID-19 infection than before. This review attempts to look at various
pathways responsible for hair fall and if this differs from the conventional hair fall seen
after any infection. It also tries to understand if the infection with the SARS-CoV-2 virus
has a direct impact on the hair follicle leading to hair fall.

Hair fall (telogen effluvium [TE]) after bacterial or viral or
protozoal infections is not a new phenomenon and was also
reported after the 1918 influenza epidemic.>~® Literature
review in terms of the impact of COVID-19 infection on the
hair follicle reveals hair loss caused during and post-recov-
ery, majorly manifesting as TE.3-12

This review attempts to understand if the mechanism of
effluvium post-COVID-19 is similar to that seen with any
other infections, as a response to stress created by febrile
episodes or whether COVID-19 infection has a direct impact
on hair follicles. Moreover, it tries to identify if the hair fall is
due in addition to a combination of various factors such as
cytokines, medications used during the treatment (antivi-
rals, antibiotics, steroids, anticoagulants, etc.), the psycho-
logical impact of the infection, and local restrictions/
quarantine and ambient stress of the pandemic.

Understanding Pathogenesis of COVID-19
Infection

The SARS-CoV-2 virus spreads mainly via respiratory droplet
transmission and through the air (airborne transmission) or
fomites.> Once the virus gains entry into the host, the spike
receptor-binding domain (RBD) allows the binding to the
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angiotensin-converting enzyme 2 (ACE2) receptor in the
lungs and other tissues. Primarily, it impacts the lungs but
affects most of the organs including the skin.? Viral replica-
tion results in direct tissue damage in the early phase which
is followed by a more severe late phase in some patients. The
more severe late stage is marked by an immune response by
the infected host cells with the recruitment of T lympho-
cytes, monocytes, and neutrophil recruitment. Release of
cytokines such as tumor necrosis factor-a (TNF o), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), inter-
leukin-1 (IL-1), interleukin-6 (IL-6), IL-1, IL-8, IL-12 and
interferon (IFN)-y* or the so-called cytokine storm is the
cause of multi-organ injury.?>

Hair and Skin Involvement by SARS-CoV-2
Virus

The significance of cutaneous involvement in COVID-19 was
not noticed in the early phases of the pandemic but was
observed much later and was crucial as it was a presenting
complaint in some patients.'%"* Though the pathophysiolo-
gy of the rash or exanthema'* still eludes us, the virus is
thought to enter cutaneous tissue through the blood vessels
as the endothelium is known to express ACE-2 initiating an
inflammatory response.'” Physiological stress and the circu-
lating cytokines created by viral infection impact not only
the keratinocytes in the skin but also the rapidly dividing
dermal papilla matrix cells.®

Impact on Hair Follicles

The effluvium caused post the infection with SARS COV2
could be explained by the physiologic response of the
follicles to the stress of the infection. After a fever-causing
infection, the effluvium usually starts 3 to 4 months after the
inciting infection. The cytokines released due to the
infection/fever, prematurely push the follicles into catagen
and then into telogen. As the duration of telogen is ~3 to
4 months, the shedding usually starts at this time. Many of
the studies as well as the personal experience of the authors
have found that the interval between the infection and onset
of the effluvium is shorter than that seen with other febrile
conditions, starting as early as 4 weeks after the infection,
and sometimes it has even been reported during the infec-
tion.>%'” Due to these findings, it raises the suspicion if the
SARS-CoV-2 causes direct injury to the hair follicle. The
authors have tried to put forward potential mechanisms by
which the SARS-CoV-2 virus may interact with the hair
follicle directly or cause injury to it.

Direct Follicular Injury

It is known that for the SARS-CoV-2 virus to enter the host
cells it needs to engage the ACE-2 receptor (a zinc metal-
lopeptidase), whereas TMPRSS2—a host cellular serine pro-
tease transmembrane protease serine-2 is needed to cleave
the viral spike protein to facilitate virus fusion to the host cell
membrane.'20 Recent studies have shown that both these
are expressed in the skin with ACE2 also found to be

expressed in the basal layers of the hair follicle. Cells express-
ing these proteins could be potential targets of SARS-CoV-2
and possible cellular damage thereby providing an avenue for
the virus to injure the hair follicle.® But with limited studies
assessing follicular damage, it is inconclusive to deduce if the
skin lesions are a site of viral replication or merely a
cutaneous response to systemic infection.'8-2!

Antibody-Dependent Enhancement

Apart from ACE2 receptors, another possible pathway that
could allow the virus access to the follicle is the antibody-
dependent enhancement (ADE).22'23 Theoretically this could
occur if the person is infected with a different strain of
COVID-19 or could be seen after hyperimmune globulin
therapy or even after vaccination.?*

Normally virus-specific antibodies are able to neutralize
the virus and prevent the spread of the infection. Sometimes,
however, these antibodies are sub-neutralizing in nature and
enhance the entry of the virus and or help in the replication
of viruses, leading to the phenomenon of ADE. Antibodies or
Immunoglobulins have two Fragment antigen-binding or
“Fab” sites and one Fragment crystallizable or “Fc” region.
The Fc region has sites for binding to Fc receptors on effector
cells and normally its major function is to clear the antigen-
antibody complexes via receptor-mediated endocytosis.?®
ADE works through interaction with Fc and/or complement
receptors. This mechanism is well known in dengue infec-
tions, but it is also seen with coronaviruses such as SARS-
CoV-1 and MERS and it could exist for COVID-19 as well.?%-?4
Studies have demonstrated that the Fc receptors are func-
tionally expressed in human keratinocytes and as well as
human hair follicle dermal papilla cells (HFDPCs).2® With
limited literature support it is too early to accept or reject the
hypothesis and clinical relevance of ADE in SARS-CoV-2 but
keeping in mind the above findings, ADE induced hair follicle
damage in COVID-19 cannot be ruled out completely.

Apoptosis

Programmed cell death or apoptosis is an evolutionarily
conserved mechanism to combat infection or remove dam-
aged or infected cells - a strategy of the host to restrict the
spread of the virus.?” It is seen in many viral infections such as
dengue and Japanese encephalitis virus. In-vitro studies using
HFDPCs and dengue virus have shown activation of caspase
cascade, reduced level of BMP-4 (bone morphogenetic protein-
4) along with downregulation of noggin (NOG), all of which
indicate dysregulation of hair growth in the HFDPCs.?® Once
the virus gains access to the hair follicle, this could be another
pathway that can work toward causing premature induction of
catagen and further on telogen leading to increased hair fall.
Whether this mechanism is operational in COVID-19 patients
is not known presently due to limited published data on the
structural impact on the hair follicle and as more studies are
conducted the picture may get clearer.

Cytokines
COVID-19 infection elicits a strong antiviral response in form
of the release of cytokines such as TNF a, GM-CSF, IL-1, IL-6,
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IL-1B, IL-8, IL-12, and interferon (IFN)-y.> Many of these
factors impact the rapidly dividing keratinocytes and dermal
papilla cells. TNF, IL-6, and interferon all are known to be
inhibitory to hair follicle growth in-vitro.?>?%2% [L4 which is
increased in the elderly is known to cause keratinocyte
apoptosis.22 In a longitudinal study of COVID-19 survivors
in Wuhan, 534 patients were followed up three months post-
discharge, alopecia was observed in 154 patients. Most of
these patients complained of alopecia after discharge (classic
telogen effluvium) but almost one-third of these patients
had alopecia during hospitalization.” A similar case report of
effluvium during hospitalization with COVID-19 was also
reported.!” Any event that suddenly disrupts the mitotic or
metabolic activity of the hair follicle is known to cause the
shedding of hairs in the growing phase (anagen effluvium).
Most commonly it is seen after chemotherapy/radiotherapy
but could also be due to sudden exposure to pro-inflamma-
tory factors and cytokines.'”-3% Probably the intensity of the
inflammatory response occurring in a short time frame,
impacts the onset of hair fall in these patients, and in such
cases, there may be no latent period between the actual
insult to the hair follicle and the onset of hair fall. It would be
important to consider here that underlying nutritional defi-
ciencies may contribute or exaggerate the effluvium post
CovID.

Microthrombi

The virus is thought to reach the skin through blood vessels
facilitated by the presence of ACE2 receptors in the endothe-
lium. The ensuing inflammatory reaction to the viral inva-
sion and subsequent immune response sets in motion a
cascade of events leading to cytokine release by the CD4*
T helper cells and recruitment of eosinophils, CD8* cytotoxic
T cells, B cells, and natural killer (NK) cells finally culminating
in lymphocytic thrombophilic arteritis.'>3' Histopatholog-
ical evaluation of cutaneous lesions in COVID-19 has
revealed intense perivascular lymphocytic and plasmacytic
infiltrate with extravasation of red blood cells and intra-
luminal thrombi.'®>32 These microvascular thrombi could
theoretically play a role in creating local cutaneous tissue
hypoxia thereby affecting the hair follicles. This could be
another way the SARS-COV2 could impact the hair follicles.
More in vitro studies and PCR investigations on skin biopsies
would be needed along with histopathological analyses to
include the status of hair follicles.

Therapies Used to Treat COVID-19

Patients hospitalized for COVID-19 are exposed to an array of
drugs including antibacterials, antivirals, anticoagulants,
corticosteroids, and immunomodulators.? Literature shows
that anticoagulants and antivirals and even antibiotics may
cause hair fall in some cases.>”-333 Of these anti-coagulants
may play a major role. Anticoagulation could be therapeutic
or prophylactic and is indicated in hospitalized patients with
almost 80% of the patients hospitalized for COVID-19 receiv-
ing anticoagulants in some form or the other.3* The exact
cause of hair fall with the use of anticoagulants is not known
as most studies point toward telogen effluvium. Theories
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ranging from focal degeneration of collagen bundles in the
vicinity of vessels of the follicular connective sheath or direct
injury to connective tissue papilla have been put forth but
presently there is no consensus on this matter but it is agreed
that anticoagulants can cause hair fall.>3 The anticoagulants
implicated are low molecular weight heparins and direct oral
anti-coagulants like rivaroxaban and dabigatran and apix-
aban.> More importantly a combination of the severity of
disease necessitating hospitalization and use of anticoagu-
lants could be another possible mechanism to cause insult to
the hair follicle.

Psychological Stress

COVID-19 pandemic has impacted people psychologically at
multiple levels. Whether it is the general population or the
health care workers or the vulnerable population or those
affected by the infection—everyone has been impacted at
some level.3>3® As part of non-pharmacological control of
the spread of COVID-19, various governmental and medical
organizations recommended social/physical distancing,
wearing a mask at all times in public places, maintaining
personal hygiene and lockdowns with isolation of COVID-19
positive and suspected COVID-19 patients, quarantine of
exposed individuals, travel limitations, closure of education-
al institutions and workplaces and prohibition of mass
gatherings. Though these measures helped in controlling
the spread of the disease they also caused significant psy-
chological impact and quarantine and isolation have been
found to be the most associated with severe psychological
stress.3738 During quarantine or isolation or hospitalization
the patient is separated from family/friends, there is the
uncertainty of disease progression and status, reduced com-
munication with healthcare professionals and boredom sig-
nificantly affects the patient’s psyche. Constant updates
about the number of new cases, deaths, etc. due to the
pandemic on social media are also additional stressors to
the patient in quarantine or isolation. A multicentric, multi-
national study has shown that as the duration of quarantine
increased, the quantum of perceived stress also increased
proportionally.3®

Also, the restrictions imposed to prevent the spread of the
pandemic, have led to social isolation which has triggered
feelings of anxiety and depression in people and this itself
could also be a cause for increased hair fall.®

Literature is replete with reports of hair loss associated
with psycho-emotional stress.3?"42 Stress can impact hair
loss as a primary factor or inducer of effluvium or it can be a
contributing factor in face of an existing medical problem
which in this case is COVID-19 infection. Stress can also be
caused by hair fall in which case the stress could work on
a secondary basis to aggravate the hair fall.4?

It is important to understand how stress affects the hair
follicle. At a biological level, we (as in all living organisms)
have an inbuilt system that responds by adapting and
protecting us from exogenous and endogenous stressors
(including psychological and social).3® The classic stress
response involves the activation of the sympathetic-
Adreno-Medullar (SAM) axis, the Hypothalamus-Pituitary-
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Adrenal (HPA) axis, and the immune system. However, if the
stress is severe or persists or is repetitive, the adaptive
response harms the organism.*° The quick response involves
increased secretion or epinephrine and norepinephrine from
the adrenal medulla and helps the organism prepare for the
fight or flight action. The relatively slower response involves
activation of the hypothalamic-pituitary-adrenal (HPA) axis
with the release of corticotropin-releasing hormone (CRH)
and activation of pituitary CRH receptors (CRH-R) leading to
the production and release of proopiomelanocortin-derived
peptides and adrenal hormones.3%4°

Apart from the above-mentioned SAM axis and HPA axis,
there exists a brain-hair follicle axis that is responsible for
hair growth-limiting effects of psycho-emotional stress.*?
Experimental animal studies have revealed that perceived
stress can trigger neuroendocrine immune responses which
cause neurogenic inflammation and promote apoptosis in
hair follicles. Like in mouse studies it has been postulated
that stress activates neuroendocrine-immune circuits in
humans as well.*! These circuits are thought to be present
at self/environment interface like the skin and which interact
with mast cells activating them in periods of psycho-emo-
tional stress. Psychological stress is known to significantly
increase the stimulated production of pro-inflammatory
cytokines such as TNFa, IL-6, IFN-y by the activation of the
mast cells.*! These cytokines released in response to intense
stress are known to drive epithelial and mesenchymal cells
into apoptosis causing premature termination of hair
growth. Peters et al have reasonably concluded that stress
can lead to temporary hair fall in healthy individuals by
correlating increased levels of salivary cortisol levels and
blood levels of cytokines to hair fall in healthy individuals
exposed to psychological stress.*’

Telogen effluvium by itself could be a source of stress and
may further propagate hair fall in the affected patients.*?
This could be another source of hair fall observed in patients
post recovery from COVID-19.

COVID-19 has also been associated with rapidly progres-
sive forms of alopecia areata. It has been known to aggravate
existing alopecia areata in a patient after recovering from
COVID-19 that progressed to universalis. Stress caused by the
pandemic and lockdown measures also appears to have
triggered alopecia areata in patients who were antibody
(IgG) negative for SARS-CoV-2 but did have the stress of
isolation.*3

Another issue of hair fall seen during the pandemic by the
authors is a perceived increase in hair fall or pseudoefflu-
vium. As we know it is fairly normal to lose 100 to 150 hairs
on a daily basis which is not noticed.*> But since restrictions
were levied on the population to prevent the spread of
COVID-19, most people were homebound and that is when
people noticed an increase in hair fall as they would see a lot
of hair around the house and panic at the sight of the shed
hair around the house without actually having true effluvi-
um. In most of these patients, the assessment revealed a
negative hair pull and normal trichoscopy. Most of the
patients responded to reassurance and explanation given
to them.

Indian Journal of Plastic Surgery  Vol. 54 No. 4/2021

Assessment and Management of Hair Fall
Post-COVID-19 Infection

The most common presenting complaint is a sudden onset of
increased hair fall apparently without any reason as it starts
when the patient has fully recovered from COVID-19. The
functional type of telogen effluvium here is a synchronization
of hair follicle growth cycles leading to immediate anagen
release which occurs when stressors stimulate the follicles to
leave anagen and enter telogen prematurely, resulting in
increased hair fall after 2 to 3 months.*4*® On questioning
there will be a history of being diagnosed with COVID-19 or
febrile episodes in the recent past which many times the
patient does not correlate with the hair fall. In some patients,
there may be no such history. Additionally, there could be
other triggers like any weight loss or nutrient deficiencies due
to dietary restrictions, hypothyroidism, etc. Sometimes a
unique complaint of “pain in the hair—trichodynia” is men-
tioned by the patient. It could take the form of an itchy feeling
to the actual pain of needle prick when manipulating hair. It is
thought to be associated with the severity of the hair fall but
also may be seen in cases of co-existing pattern hair loss.*®
However, no organic basis has been found for this symptom.

Examination of the patient’s scalp may reveal diffuse
thinning especially if the effluvium has been severe. One
needs to lose close to 40% of hair for there to be a visual
appreciation of hair loss.*® An important diagnostic test is
the hair pull test. This test if properly done is pretty accurate
in diagnosing telogen effluvium. It is important to know the
patients’ hair wash history to be able to interpret the test and
one could look at the details of the test from the following
references.**~*” Trichoscopy is probably one of the most
important tools for assessing hair fall and hair loss. The
findings seen in telogen effluvium are classic - reduced
density and presence of empty ostia and absence of hair
shaft diameter variability.*®

An important differential diagnosis is diffuse alopecia
areata or alopecia areata incognita. The clue here is there
may be the presence of vellus hair.*

In terms of treatment, reassurance and patient education
is the key to successfully reducing patient anxiety associated
with hair fall. Most of these patients will need time and
empathy from the treating doctor. There is no specific
treatment other than countering the stressors. It is impor-
tant to look for catagen inducing deficiencies like iron and
protein deficiencies, thyroid function, and any drug such as
B-blockers, retinoids, anticoagulants, etc.3

Minoxidil may be an option®® especially if there is a
coexisting/underlying pattern of hair loss. There have been
reports of the use of topical steroid applications*® but the
evidence is not very high. Getting the patient reassured, ensuring
a nutritious high protein, high-calorie diet, and adequate sleep
will go a long way in helping the patient deal with the hair fall.

Conclusion

The connection between cause and effect with respect to
COVID-19 infection and hair fall is straightforward. The most
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obvious connection is the response of the hair follicle to
increased biological stress created by the systemic infection
and subsequent cytokine release leading to telogen effluvi-
um. In typical telogen effluvium a latent period of 3 to
4 months exists between the trigger event and the onset of
hair fall. In the authors’ experience, patients who have
recovered from COVID-19 had a much shorter latent period,
as short as 4 weeks in some cases. Similar observations in
some published studies have triggered the thought of a
possible direct insult to the hair follicle caused by the
SARS-CoV-2 virus.'”-?2-?8 After exploring literature and ra-
tionalizing the possibilities, theoretically, there are ways for
the virus to cause damage to the hair follicle but the present
literature does not support this and more studies would be
needed to conclusively prove that the SARS-CoV-2 causes
direct injury to the follicle as it was shown in case of dengue
virus.2® However, like all other telogen effluviums, almost all
patients have a reversal of hair fall in a span of 2 to 3 months.

Another unique feature of the effluvium seen post-COVID-
19is the significant overlay of psychoemotional stress. This is
unlike any other infection, which leads to telogen effluvium
because the ambient stress caused the pandemic itself and
contributed to a large extent by the restriction measures
taken to prevent the spread of the disease. Telogen effluvium
would be one of the important aspects of long COVID, which
will impact the quality of life of the affected person. With the
pandemic still ongoing, the physicians dealing with COVID-
19 patients will have to be empathetic to this aspect of the
infection and prepare the patients for the effluvium, and also
reassure them that it is self-limiting and that regrowth is the
norm.

In conclusion, a host of factors could be responsible for the
severity and onset of hair fall in patients recovering from
COVID-19 including the severity and duration of the COVID-
19 infection, treatment given, underlying nutritional defi-
ciencies, patient’s existing hair status, emotional lability, and
psychological makeup. As a part of treatment reassurance
and explanation that the hair fall is self-limiting and would
reverse in ~2 to 3 months is a major stress buster for the
patients and helps them to emotionally deal with the hair
fall.
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COVID-19 Infection: Impact on Hair
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