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Abstract

Background: The innate immune system is recognized as an
essential aspect of COVID-19 pathogenesis. Toll-like recep-
tors (TLRs) are important in inducing antiviral response, trig-
gering downstream production of interferons (IFNs). Certain
loss-of-function variants in TLR7 are associated with in-
creased COVID-19 disease severity, and imiquimod (ImiQ) is
known to have immunomodaulating effects as an agonist of
TLR7.Given that topical imiquimod (topImiQ) is indicated for
various dermatologic conditions, it is necessary for derma-
tologists to understand the interplay between innate immu-
nity mechanisms and the potential role of ImiQ in COVID-19,
with a particular focus on TLR7. Summary: Our objective was
to survey recent peer-reviewed scientific literature in the
PubMed database, examine relevant evidence, and eluci-
date the relationships between IFNs, TLR7, the innate im-

mune system, and topIlmiQ in the context of COVID-19. De-
spite limited studies on this topic, current evidence supports
the critical role of TLRs in mounting a strong immune re-
sponse against COVID-19. Of particular interest to dermatol-
ogists, toplmiQ can result in systemic upregulation of the
immune system via activation of TLR7. Key Message: Given
the role of TLR7 in the systemic activation of the immune
system, ImiQ, as a ligand of the TLR7 receptor, may have po-
tential therapeutic benefit as a topical immunomodulatory
treatment for COVID-19. © 2021 S. Karger AG, Basel

Introduction
COVID-19, caused by Severe Acute Respiratory Syn-

drome Coronavirus-2 (SARS-CoV-2), was identified as a
novel virus (2019-nCoV) in December 2019 and is now
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considered an international public health emergency [1].
A weekly epidemiological report from the World Health
Organization (WHO), based on data received on May 9,
2021 [2], reveals that both case and death incidence due
to the virus are at maximal levels since the start of the
pandemic; worldwide cumulative cases now surpass
157.3 million, with COVID-related deaths totaling over
3.2 million since the pandemic began. According to Cen-
ters for Disease Control and Prevention (CDC) data, as of
May 5, 2021, there have been over 32 million reported
cases and 576,238 deaths related to COVID-19 in the
United States alone [3]. It was the third leading cause of
daily deaths in the United States in the year 2020, sur-
passed only by heart disease and cancer [4].

Though COVID-19 is a novel virus, it is a member of
the coronaviridae family: viruses characterized by an en-
veloped membrane and a positive-sense single-stranded
RNA (ssRNA) [5]. Knowledge of the immunopathogen-
esis of COVID-19 primarily builds on previous studies of
related coronaviridae, including severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East Re-
spiratory Syndrome (MERS-CoV). SARS-CoV-2 and
SARS-CoV exhibit highly homologous nucleotide se-
quences, with their genomes differing in only 6 regions
[6].

Recent analysis of immunophenotype patterns among
hospitalized COVID-19 patients have demonstrated that
low levels of type I interferons (IFNs), types of cytokines
released by infected cells in response to viruses, which
modulate the innate immune response and activate the
adaptive immune system, correlate with poor outcomes
and prognosis [7]. Additionally, in another study, the ad-
ministration of IFN-a2b (a type I IFN) resulted in re-
duced viral shedding, as well as lower levels of detectable
virus and inflammatory markers in the respiratory tract
and blood, respectively [8]. However, the observed vari-
ability of IFN response in previous studies suggests that
the level and activities of IFN can be dependent upon the
host and period of infection. Given its importance in CO-
VID-19 pathogenesis, exploring IFN secretion, respons-
es, and related pathways of the innate immune system
could be of clinical utility in elucidating treatments tar-
geting these interrelated mechanisms.

Toll-like receptors (TLRs), important components of
the innate immune system, are a family of transmem-
brane proteins fundamental in activating antiviral signal-
ing pathways such as the above-mentioned type I IFN re-
sponse. In particular, TLR7 and TLR8 can recognize viral
ssRNA. Recent work by Van der Made et al. [9], published
in the Journal of the American Medical Association
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(JAMA), found that rare loss-of-function variants in the
TLR7 gene on the X-chromosome are associated with
poor outcomes among hospitalized COVID-19 patients,
related to lower than expected levels of type I and type II
(which specifically includes IFN-y, the main activator of
macrophages) IFNs. These findings further support the
clinical importance of the innate immune system in CO-
VID-19. Additionally, TLR ligands are currently in devel-
opment as adjuvants for vaccines against viral and other
infectious pathogens [10].

Imiquimod (ImiQ) is a known immunomodulator
that exerts biological agonist effects on TLR7 and TLRS,
which subsequently activate downstream signaling path-
ways, leading to increased production of proinflamma-
tory cytokines, such as IFN-y, tumor necrosis factor alpha
(TNF-a), and interleukins (IL), including IL-1p and IL-6
[11]. In dermatology, topical imiquimod (topImiQ) is ap-
proved for the treatment of actinic keratoses (AK), super-
ficial basal cell carcinoma, and anogenital warts [12]. It is
important to recognize that despite being applied topi-
cally for dermatologic conditions, ImiQ can also exert
systemic effects on the immune system [13]. This review,
therefore, aims to discuss in detail the role of IFNs and
TLRs in COVID-19 immunopathogenesis and explore
the potential clinical significance of ImiQ therapy in rela-
tion to COVID-19.

The Link between IFNs, TLR7, and COVID-19

Immunopathogenesis

IFNs are signaling proteins, grouped into 2 types, that
are involved in both the innate and adaptive immune re-
sponses; the primary role of type I IFNs, known as the
viral IFNs (IFN-a, IFN-pB, and secondarily IFN-w [14]) is
to inhibit viral replication. Type II IFNs include IFN-y,
predominantly an activator of macrophages [15]. Unlike
SARS-CoV and MERS-CoV, strains of SARS-CoV-2 fea-
ture either truncations or elongations in the open reading
frame ORF3b, which have been suggested to allow SARS-
CoV-2 to antagonize and inhibit IFN production to a
greater extent than SARS-CoV or MERS-CoV [16]. How-
ever, SARS-CoV-2 still appears to be highly sensitive to
IEN activity. This is illustrated in several clinical studies
demonstrating a reduction in viral replication following
pre-treatment with type I IFNs in SARS-CoV-2-infected
cell lines; this reduction was higher when compared to
SARS-CoV-infected cell lines that were pre-treated with
type I IFNs [17]. Additionally, in a recent case-control
study (n = 50 COVID-19 patients; n = 18 healthy con-
trols), conducted between March 19 and April 3, 2020,
low levels of type I IFNs among COVID-19 patients were
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shown to strongly correlate with a poorer clinical prog-
nosis and higher likelihood of transfer to a critical care
unit [7]. These results exemplify the importance of IFNs
when responding to COVID-19 infection, which has also
been established for other viral infections — for example,
reduced levels of IFNs have been noted among pediatric
patients with greater severity of respiratory syncytial vi-
rus infection [18]. However, in contrast to these findings,
respiratory syncytial virus and human parainfluenza vi-
rus 3 infection was characterized by high IFN and IFN-
stimulated gene expression [19], and notably, immune
hyperactivation can worsen outcomes in COVID-19 [20].

While the exact mechanisms continue to be investi-
gated and better characterized by recent studies, CO-
VID-19 has been confirmed to trigger the activation of
innate immune system pathways, the first line of defense
against viral pathogens. TLRs play an important role in
this immune activation and are comprised of 11 trans-
membrane proteins expressed on the membranes of
many host cells, including leukocytes, epithelial and en-
dothelial cells, and fibroblasts. The most clinically rele-
vant TLRs that have been shown to respond to coronavi-
ruses include TLR4, TLR7/8, and TLR3. TLR4, mainly
expressed on a variety of immune system cells, is most
noted for its recognition of lipopolysaccharide (LPS) on
gram-negative bacteria, but also appears to interact with
damage-associated ~ molecular  pattern  molecules
(DAMPs), including oxidized phospholipids released by
lung tissue acutely injured by SARS-CoV-2 infection.
This interaction results in downstream activation of nu-
clear factor-kappa B (NF-kB) and induction of type I IFN
(including IFN-a and IFN-{) and other proinflammatory
cytokine production, such as IL-6 and TNF-a [21]. While
TLR7 and TLR8 both detect ssSRNA, with genes in prox-
imity on the X-chromosome, previous research reports
that TLR7 is expressed by B cells, monocytes, and plasma-
cytoid dendritic cells (pDCs). TLR7 agonists also induced
a more robust IFN-a and IFN-regulated chemokine re-
sponse relative to TLR8-selective agonists. Myeloid den-
dritic cells and monocytes have been observed to generate
the greatest TLR8 response (including proinflammatory
TNF-a and IL-12 induction) though the cell types ex-
pressing TLR8 have yet to be fully characterized [22, 23].

COVID-19 can further activate TLRs through the pro-
cess of endocytosis. COVID-19 is able to interact with
angiotensin converting enzyme-2 receptors, especially
those on the type II pneumocytes of the lungs, resulting
in endocytosis and transport of viral nucleotides into en-
dosomes. This enables interaction between viral nucleo-
tides, TLR3, and TLR7/8, which are found within the en-
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dosomal membrane [24]. Through slightly different
pathways, TLR3 and TLR7/8 also activate NF-«B signal-
ing [25], which results in the production of type I IFNs
and proinflammatory cytokines IL-6, TNF-a, and IFN-y
[10].

While COVID-19 data continues to be limited, one
particular study demonstrated that immune stimulatory
activity of SARS-CoV-2 ssRNA was specifically mediated
through TLR7 interaction [20]. This interaction likely re-
sults in a proinflammatory state necessary to eradicate
viruses, but it is important to consider that hyperactiva-
tion of the immune system can also contribute to acute
lung injury among COVID-19-infected patients [20]. Ev-
idence suggests that hyperactive cytokine release is medi-
ated largely by a few specific cytokines, such as IL-6, a
tinding further supported by the efficacy of tocilizumab
(a monoclonal anti-IL-6 antibody) among patients with
severe COVID-19. It has been suggested that an ideal im-
mune response may therefore be facilitated by simultane-
ously stimulating TLR7 early in the disease course while
also inhibiting IL-6 [26].

Recent studies have implicated rare genetic variants in
TLR7 as contributors to differential immune response
and recovery from COVID-19 infection. In a rapid clini-
cal whole-exome sequencing case series analyzing severe
COVID-19 in 4 young, previously healthy male patients
(age <35 years, two sets of brothers), novel loss-of-func-
tion X-chromosomal TLR7 variants were identified, in-
cluding a 4-nucleotide deletion in the first family and a
missense variant in the second family [9]. Notably, these
patients did not adequately respond to ImiQ. Four-hour
ImiQ stimulation of patients’ peripheral blood mononu-
clear cells resulted in significantly lower than expected
increases in TLR7 expression and decreased expression of
type I IFN-related genes relative to cells from a healthy
control subject. Type I IFN (IFN-y) production was also
persistently impaired after 7-day stimulation with ImiQ.
These findings suggest a link between the TLR7 loss-of-
function variants and defects in IFN response in these
patients, potentially contributing to COVID-19 severity
and need for hospitalization. Consideration of these
TLRY7 variants may be especially important in approach-
ing SARS-CoV-2 relative to other coronaviruses. Com-
parisons of SARS-CoV-2 whole-genome sequencing, rel-
ative to SARS-CoV and MERS-CoV, showed that SARS-
CoV-2 contained a greater number of ssRNA motifs that
are able to interact with TLR7 [20].

Additionally, genetic variation in TLR7 may be an un-
derlying factor in observed sex biases in COVID-19 se-
verity, where males could be predisposed to immunode-
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Fig. 1. Structure of imiquimod and overview of related immunological pathways in the context of COVID-19 infection.

Szeto/Maghfour/Sivesind/Anderson/

4 Dermatology
DOI: 10.1159/000518471 Olayinka/Mamo/Runion/Dellavalle




ficient responses due to the location of TLR7 on the X-
chromosome [27]. TLR7 also escapes X-inactivation,
generally leading to higher basal expression levels and el-
evated downstream TLR7-induced IFN response in
women. Production of IFN-a from pDCs (highly special-
ized immune cells that can transform into mature den-
dritic cells and produce type I IFN in response to detected
pathogens) is also increased in adult females relative to
males, and it has been proposed that higher TLR7 expres-
sion among women may facilitate more efficient clearing
of viral particles - though perhaps to the detriment of
higher autoreactivity and increased risk of autoimmunity
[28]. In addition, it was demonstrated that COVID-19
patients had a significantly lower proportion of periph-
eral pDCs than did healthy controls [7]. Since the process
by which pDCs are stimulated to produce IFN is primar-
ily mediated via the TLR7 signaling pathway, therapies
that directly stimulate endogenous TLR7, such as ImiQ,
could be of clinical importance for the prevention and
treatment of COVID-19 infection.

Imiquimod: Mechanism of Action, Antiviral Effects,

and Topical Applications in Dermatology

ImiQ is a potent immunomodulating agent that pri-
marily activates the innate immune system. Its antiviral
and antitumor effects have been demonstrated in various
animal models [29-31]. ImiQ interacts primarily with
TLR7 and TLR8 as a receptor agonist and also promotes
TLR7 expression [32]. This results in activation of the
NEF-«B signaling pathway, which is responsible for the
production of proinflammatory cytokines, including
IFN-a, TNF-q, IL-1, IL-6, IL-8, and IL-12, and ultimately
promoting an exuberant type 1 helper T-cell (Thl) im-
mune response [12]. A summary of selected pertinent
pathways and mechanisms in relation to SARS-CoV-2
and TLR7/8 is shown in Figure 1.

T-cell differentiation into the Th1 subtype is promoted
by the production of IL-12 and IFN-y. The Th1 effector
cytokines include IFN-y, IL-2, and antitumor TNF-f, and
act to enhance the proliferation of cytotoxic CD8+ T cells,
while bolstering the cell-mediated response against intra-
cellular pathogens, including viruses. Additionally, the
production of IFN-y activates macrophages — the latter
adds to production of IL-12, ultimately resulting in acti-
vation of natural killer cells and further activation of T-
cells. This mechanism of ImiQ is of clinical importance,
as it has been shown that a decline in lymphocyte counts
among hospitalized COVID-19 patients is associated
with a poor prognosis [33]. Ligands of TLR7, such as
ImiQ, have also been shown to induce macrophage pro-
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duction of inflammatory cytokines IL-23 and IFN-{ [34].
Expectedly, the aforementioned individuals with TLR7
loss-of-function mutations have demonstrated a failure
to mount an appropriate IFN response to ImiQ [9].

Several in vitro, in vivo, and clinical studies have dem-
onstrated the antiviral effects of ImiQ for various other
conditions. For instance, ImiQ has been shown to be effec-
tive for the treatment of anal condyloma acuminata; the
use of suppository ImiQ following surgical ablation result-
ed in reduced viral loads of associated human papilloma-
virus (HPV) types 6 and 11 among patients with human
immunodeficiency virus (HIV) [35] and, in other studies,
was found to prevent recurrence of condylomas [36].

In a study by Grimm et al. [37] among women with
high-risk HPV, regression of high-grade cervical intraep-
ithelial neoplasia (CIN) 2-3 was observed following sup-
pository use of ImiQ, with 73% of those treated achieving
CIN 1 or less, and 47% obtaining total histologic remis-
sion; 60% of those treated also achieved increased HPV
viral clearance. The antiviral effects of ImiQ are further
supported by a recent study by To et al. [38]: in a murine
model, intranasal administration of ImiQ to mice with
influenza A virus resulted in reduced viral load and rep-
lication, suppressed inflammatory leukocyte infiltration,
and decreases in airway inflammation and virally induced
lung dysfunction. With the caveat that these studies uti-
lized mucosal application of ImiQ, they do highlight its
antiviral effects via modulation of the endogenous im-
mune response.

In dermatology, ImiQ has been well-recognized for its
antiviral and antitumor effects, and therefore topImiQ
has been used for several decades for the treatment of var-
ious dermatologic conditions. Starting in 1997 with an
approved indication for external genital and perianal
warts (condyloma acuminata), Aldara® 5% cream (top-
ImiQ) has received further approval from the US Food
and Drug Administration (FDA) for the treatment of AK
and superficial basal cell carcinoma. In the context of in-
creasing AK prevalence, and an aging population with a
high cumulative exposure to UV radiation, topImiQ
holds an important role in field-directed therapy, allow-
ing for treatment of visible AKs while also combating
field cancerization [39], an advantage over lesion-direct-
ed therapies [40]. Zyclara®, a 2.5% or 3.75% topImiQ
cream, is indicated for daily use over larger skin surface
areas than Aldara®. Table 1 summarizes topImiQ indica-
tions approved by the FDA and the European Medicines
Agency (EMA), as well as other known off-label topical
applications and potential ImiQ mechanisms of action
for viral and neoplastic dermatology-related conditions.
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Table 1. Approved and off-label dermatological indications for topical imiquimod and potential mechanisms of action

Dermatologic
condition

Topical imiquimod dosage information

Potential mechanism of imiquimod action

Approved indications for
topical imiquimod:
United States Food and
Drug Administration
(FDA) and European
Medicines Agency
(EMA)

Anogenital warts

Aldara 5% Cream (FDA, EMA): 3 times per week until

Increased immune response through induction

(Condyloma total clearance for a maximum of 16 weeks [47, 48] of cytokines IFN-a, TNF-q, IL-1, IL-6, and IL-8
acuminata) Zyclara 3.75% Cream or 2.5% Cream (FDA): Once daily ~ [50]
until total clearance for a maximum of 8 weeks [49]
AK Aldara 5% Cream (FDA): 2 times per week for a full 16 Innate and adaptive immune system activation to
weeks [47] induce IFN-a and IL-6 [42]. Possible
Aldara 5% Cream (EMA): 3 times per week for 4 weeks, ~ downregulation of anti-apoptotic genes hurpin
then assessment of AK clearance over 4-week non- and HAX-1 [52]. Additional stimulation of
treatment period. Repeat treatment if AK persists and no  vascular E-selectin (not expressed in squamous
adverse inflammatory reactions or infections occur [48] cell carcinoma) resulting in recruitment of
Zyclara 3.75% Cream or 2.5% Cream (FDA): Once daily  cytotoxic CD8+ T cells with memory T-cell
to the field area for two 2-week treatment cycles, development, limiting progression of subsequent
separated by 2-week non-treatment cycles [49] AK [53]
Zyclara 3.75% Cream or 2.5% Cream (EMA): Once daily
to the field area for two 2-week treatment cycles,
separated by a 2-week non-treatment cycle. After 8 week
post-treatment evaluation, potential for one more 2-week
treatment if AK persists [51]
Superficial BCC Aldara 5% Cream (FDA, EMA): 5 times per week for a Inhibition of the Hedgehog/glioma-associated

full 6 weeks [47, 48]. Not recommended for treatment of

BCC subtypes other than the superficial variant [47]

oncogene signaling pathway, which is aberrantly
activated in BCC. Repressive effect by imiquimod
is independent of TLR signaling [54]

Off-label anti-viral
applications of topical
imiquimod

Anogenital warts

5% Suppository: 3 times per week for 16 weeks [35]

Increased immune response through induction

(Condyloma of cytokines IFN-a, TNF-q, IL-1, IL-6, and IL-8
acuminata) [50]

recurrence

prevention

Cervical 6.25 mg Vaginal Suppository: 1 per week in weeks 1 and  Stimulates production of IFN, especially IFN-q,
intraepithelial 2,2 per week in weeks 3 and 4, 3 per week in weeks 5 via TLR7/8 and dendritic cell activation, resulting
neoplasia through 16 [37] in T-cell-mediated immune response [37]

Non-genital
cutaneous warts

5% Cream: 5 times a week as tolerated for up to 12
weeks, depending on wart clearance [55]

Modulation of cell-mediated immunity [55]

Herpes simplex
virus-2 (HSV

5% Cream: For recurrent, chronic, or acyclovir-resistant

infection. Results have varied [56-58]

No direct antiviral effects. Inmunomodulation,
via TLR7/8, activates both innate and cell-

herpes genitalis) mediated immunity. Subsequent production of
IFN-y is effective against HSV infection [56]

Molluscum 5% Cream: Prospective, randomized trial in children Induction of high IFN-a levels localized to the

contagiosum suggested comparable clearance at 16 weeks with topical application site has potent antiviral

imiquimod (5 days per week) versus cryotherapy (1 day
per week). Cryotherapy group showed more frequent

adverse effects [59]

properties for treatment of molluscum
contagiosum [59]

Off-label anti-neoplastic
applications of topical
imiquimod

Bowen’s disease
(squamous cell

carcinoma in situ)

5% Cream: Once daily, 5 days per week, for up to 16

weeks or until clinical clearance [60]. Once daily every
other day for 18 weeks showed no residual malignant
cells, and no clinical recurrence 6 months post-treatment

[61]

Activation of innate and adaptive immunity, as
well as cytokine stimulation (specifically
induction of IFN-a) has antiviral and antitumor
activity, especially given that Bowen’s disease is
highly associated with HPV 16 and 18 [61]

Melanoma in situ

5% Cream: 3-5 times per week for up to 9 months

assisted in clearing melanoma in situ with no clinical
evidence of recurrence [62]. In another study, once daily
application for 5-13 weeks showed 100% response rate

for lentigo maligna melanoma in situ [63]

Activation of innate and adaptive immunity
increases lymphocytic infiltration, Langerhans
cell (epidermal macrophage) migration, and
promotes malignant melanocyte apoptosis
[62,63]. May also inhibit tumor vascularization
(63]

Keratoacanthoma

5% Cream: 3—4 times a week for up to 11 weeks showed
almost complete clearance [64]. 4 times a week for 10
weeks eventually resulted in complete resolution with no
recurrence [65]. 3-5 weekly applications over 8 weeks

induced spontaneous regression [66]

Stimulation of innate and cell-mediated immune
response via TLR7/8 activation, including robust
IFN-a production, can inhibit rapid
squamoproliferative phase and promote
spontaneous regression [66]

AK, actinic keratosis; BCC, basal cell carcinoma; HPV, human papillomavirus.
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As there continues to be greater insight regarding the
importance of TLR7 in COVID-19 pathogenesis, top-
ImiQ may merit further investigation as a potential pro-
phylactic agent and/or treatment for COVID-19 infec-
tion. In a 2020 hypothesis, Avcilar and Eken [26] high-
lighted the potential benefit of topImiQ for augmentation
of the initial immune response to COVID-19 and advo-
cated for further trials exploring its role.

TopImiQ has previously been investigated in combi-
nation with intradermal trivalent influenza vaccination.
In a double-blind, randomized controlled trial of healthy
human volunteers, the use of topImiQ, followed by the
intradermal delivery of the influenza vaccine, resulted in
seroconversion and improved immunogenicity of nearly
all participants in the study group (n = 39; 98%) at day 7.
This was compared to 63% (n = 25) seroconversion in the
control group that received influenza vaccination fol-
lowed only by application of topical aqueous solution.
Furthermore, the rate of seroconversion was significantly
lower for the control group and for the group receiving
topImiQ combined with intradermal saline injection
only, compared to the first group that received topImiQ
and the vaccine [41].

Consequently, despite its common topical administra-
tion as a therapy for various dermatologic conditions (Ta-
ble 1), there is evidence that topImiQ may result in sys-
temic activation of the immune system. Torres et al. [42]
demonstrated statistically significant increased expres-
sion of TLR3, TLR7, and TLR8 in peripheral blood mono-
nuclear cells following topImiQ application for the treat-
ment of AK in human male subjects. While increased ex-
pression of type I IFN was not directly observed, elevated
downstream expression of many IFN-inducible genes
was noted, indicating a very quick potential topImiQ re-
sponse; the authors additionally noted from their prior
observations that in human blood mononuclear cells
treated with ImiQ, type I IFN mRNA reached maximal
levels in 1-2 h, before returning to basal levels 6-8 h after
treatment.

In a murine model of psoriasis, treatment with a 3-day
course of 5% topImiQ resulted in TLR7 activation and
increased levels of transcriptional IFN-stimulated genes
and upregulation of inflammatory chemokines and cyto-
kines in the skin, peripheral blood leukocytes, liver, and
lungs immediately following 4 h of initial treatment. An-
ti-inflammatory IL-10 induction was also observed, like-
ly due to regulatory immunosuppression following stim-
ulation of TLR7. Concentration of ImiQ was clearly not
limited to the skin, but also reached a significant level in
the periphery and the brain, remaining detectable at 12 h,

Interferons, TLRs, COVID-19, and
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24 h, and 3 days after treatment [13]. It should be noted
that human epidermis is significantly thicker and con-
tains more cell layers than mouse epidermis; therefore,
the penetration of topImiQ and its subsequent systemic
effects cannot be directly extrapolated to humans and was
a significant limitation of this study’s findings.

In a prospective, intention-to-treat study, Kumar and
Narang [43] explored systemic and local adverse effects
of topImiQ associated with twice-daily dosing (3 days per
week for 24 weeks) for the treatment of genital warts in
immunocompetent men. Local adverse skin reactions,
which are common with topImiQ, were found in 27.3%
of participants. Systemic adverse events, such as fever, fa-
tigue, headache, and myalgia, were found in 36.6%. The
occurrence of adverse events was greater than expected,
possibly due to increased absorption of ImiQ secondary
to local inflammation and the highly vascular nature of
the application site. It was also noted that with local in-
duction of cytokines and systemic enhancement of the
immune response, the twice-daily dosing regimen used in
the study could account for the greater proportion of par-
ticipants experiencing adverse events.

Harrison et al. [44] studied the pharmacokinetics and
safety profile of topImiQ when used in a multi-dosing
regimen for the treatment of AK in human adult subjects.
Based on analysis of both serum and urine, very low sys-
temic absorption of ImiQ was found, with peak serum
accumulation levels of 0.1, 0.2, and 1.6 ng/mL following
the final dosing of face, scalp, and hands/arms application
sites, respectively. Minor local application site reactions
were the most common adverse events. The authors dis-
cussed a known correlation with systemically increased
concentration of IFN and other proinflammatory mark-
ers after oral administration of ImiQ; however, they pos-
tulated that the rise in antiviral inflammatory IFN and
also the regulatory anti-inflammatory IL-1 receptor an-
tagonist (IL-1RA) seen following topImiQ administra-
tion was the result of spillover from local production of
cytokines, rather than systemic induction of the immune
response.

Overall, while ImiQ results in activation of various sig-
naling pathways, it primarily modulates the innate im-
mune system by stimulating TLR7. In the past several
months, TLR7 has been recognized for playing a critical
role in the pathogenesis of COVID-19 - hence, the theo-
retical value of ImiQ and leveraging the systemic effects
of topImiQ as potential treatments for COVID-19 may be
inferred. However, it is also worth noting a point of ther-
apeutic divergence in treating COVID-19; for early infec-
tions and those with a dampened immune response, it
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may be beneficial to upregulate the immune system via
agents such as ImiQ. However, in cases with an exagger-
ated immune response driving severe respiratory disease,
an immunosuppressive agent may instead be warranted
[45].

Limitations

Limitations of our survey include its restriction to a
single database (PubMed) and the inclusion of only full-
length English language publications, which may have in-
advertently resulted in the omission of certain relevant
studies. The rapidly changing nature of the pandemic,
along with proliferation of COVID-19 research and re-
lated publications, creates a fluctuating landscape of data
from which to draw conclusions. Therefore, while we
made every effort to utilize the most up-to-date informa-
tion in writing this review, our findings must be inter-
preted through the lens of emerging knowledge.

Conclusion

COVID-19 has created a major global challenge. While
COVID-19 vaccine availability and eligibility continue to
expand, identifying other avenues for prevention and
treatment remain important. This review demonstrated
the role of innate immunity, highlighting the functions of
TLR7 in immune response and pathogenesis of CO-
VID-19. As a TLR7 agonist, ImiQ has theoretical poten-
tial as a possible adjunct therapy to combat COVID-19
infection. Given the increasing use of topImiQ as field
treatment for AK among elderly dermatology patients
[39], who may be particularly at risk for severe COV-
ID-19 infection due to lower immunity, physicians must
be cognizant of the implications of topImiQ with regard
to COVID-19 infection.

The upsurge of COVID-19 literature in recent months
merits careful consideration of published findings, which
will require systematic assessment, verification, and the
encouragement of robust investigative studies in large di-
verse populations. Additional examination of individual
genetic variations in TLR7 and other related immuno-
logical factors can contribute to a targeted, precision
medicine strategy in combating COVID-19.

Finally, bearing in mind previous reports that have
demonstrated increased immunogenicity of trivalent in-
fluenza vaccines following topImiQ application [41], ex-
ploration of a similar approach applied to the new and
emerging COVID-19 vaccines is highly necessary. Re-
cently, the emergence of COVID-19 variants, such as
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B.1.1.7, B.1.351, and P.1 (also known as the UK, South
African, and Brazilian variants, respectively), as well as
other variants with multiple mutations, such as B.1.617
[46], has given rise to the concern that the current vac-
cines may not offer adequate protection against these
novel variants. Thus, we hope this provides further impe-
tus for research and future reviews investigating the po-
tential for heightened post-vaccine seroconversion sec-
ondary to ImiQ.

Key Message

Topical Toll-like receptor agonist imiquimod can stimulate
systemic innate immunity, pointing to implications for COVID-19
immunopathogenesis and treatment.
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