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ABSTRACT: The nasal cavity is a prime site for viral load of SARS-CoV-2 in COVID-19, as is evident from the fact that this area
has been used for sample collection for the diagnosis of COVID-19. The nasal cavity has a connection with the brain across the
cribriform plate which has been reported to be a route of SARS-CoV-2 to the olfactory apparatus and the brain. Targeting the SARS-
CoV-2 in the nasal cavity in patients presenting with COVID-19 and long-COVID can result in the prevention and treatment of
neurological deficits and therefore needs to be prioritized as a route of potential significance.
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A. INTRODUCTION

SARS-CoV-2 uses the oral and the nasal cavities as its prime
routes of infection. These sites of entry enable it to reach the
lungs where it evokes the majority of symptoms following
damage to the lung tissue resulting in hypoxia. Very early in the
course of the disease, the infection in COVID-19 spreads to
diverse organs and tissues resulting in a systemic illness. Of the
systems and organs involved, the central nervous system
(CNS) is the most sensitive and vulnerable organ due to its
limited ability to tackle hypoxia, injury inflicted by an
inflammatory reaction, and injury caused by direct neuronal
damages as has been reported during the pandemic. Contrary
to the popular theory of entry into the CNS by causing damage
to the blood—brain barrier following a systemic infection, it has
been reported that the virus uses the cribriform plate at the
roof of the nasal cavity to access the brain and olfactory
apparatus enclosed within the cranial cavity. The possibility of
transcribrial access to the brain with the SARS-CoV-2 was
hinted at for the very first time early during the pandemic, but
irrefutable evidence with SARS-CoV-2 mRNA isolated from
the olfactory bulb and frontal lobe of the brain that overlay the
cribriform plate emerged later.” Keeping in mind the proximity
of the brain and access to the BBB close to the cribriform
plate,"* it can be deduced that the virus can cause an early
onset of neuroinflammation and get dispersed to other areas of
the CNS like the brainstem, from where it has been isolated in
autopsies done in COVID-19 on patients who died of SARS-
CoV-2.” It is now established that patients with a protracted
form of SARS-Cov-2, called long-COVID, continue to exhibit
neurological symptoms that, if coexisting with the evidence of
biomarkers of SARS-CoV-2 replication, could hint indicate the
nasal cavity and the areas of its extension, like the intestines,
can serve as potential sites viral hideouts in long-COVID. The
viral replication in areas of hideouts could provide an
explanation of the continued symptoms of long-COVID and
the benefits associated with the use of the intranasal route
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shows promise as a pathway to administer drugs, vaccines, and
neurotropic anti-inflammatory agents. One interesting fact is
that the nasal cavity extends to cavities in air sinuses like (a)
maxillary, ethmoid, frontal and (b) to the middle ear, and (c)
cranial cavity provides the virus a chance to persist in these
places. The paucity of blood flow to these areas (and resulting
limited access to antibodies and systemic drugs), along with
the mucosal lining with ACE2 and NRP-1 receptor expression,
makes them ideal for viral persistence and replication. Killing
the SARS-CoV-2 in these potential sites, and pairing this
treatment approach with similar areas in the gut, may eradicate
the virus and help in the treatment of long-COVID patients.
This paper discusses vaccines, drugs, and other treatment
modalities of potential that have been and can be used as
intranasal medication.

B. USE OF INTRANASAL AND TRANSCRIBRIAL
ROUTE IN COVID-19 AND LONG-COVID

The objective of the use of the intranasal route in COVID-19
and long-COVID could be for (a) prophylaxis or (b) treatment
of neuroCOVID in these groups of patients. For COVID-19
the trend to use COVID-19 intranasal vaccine has emerged
recently and reviewed™”" with variable success rates. The use of
drugs targeting SARS-CoV-2° has been tested in animal
models with success. In projecting an animal model study to
humans, it would be important to take into consideration the
differences in the anatomical structure of the nasal cavity and
its extensions to other potential spaces as described above. The
differences in the size of the pores in the cribriform plate in
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Figure 1. Intra-nasal route (A) is the prime route of SARS-CoV-2 infection in COVID-19. Reports on the use of this route of administration for
vaccines and eradication of the residual virus in COVID-19 and long-COVID (A1) have emerged. Sites such as air sinuses (B) can lead to viral
persistence and prolonged symptoms. Neubilizers and devices (C) that can deliver drugs, antibodies, and saline can be beneficial in targeting the
virus at sites of viral load that has been shown to be trancribrial route to reach the olfactory bulb and adjacent brain lobes (D). The use of a
trancribrial device (C) for targeting the SARS-CoV-2 at the root of the nose can prevent early neuro-COVID and future complications including
deposition of Spike protein fragments called amyloidogenic peptides to cause neurodegeneration and loss of brain volume (D1) as has been

reported in patients recovering from COVID-19.

72 animals and humans are expected to affect the bioavailability of
73 the fixed dose of vaccines and drugs administered via the
74 intranasal route. The same remains true for the differences in
7s the size of olfactory mucosal zones and sensitivity to the
76 stimuli that evoke action potentials in olfactory pathways.

77 The rationale for the use of the intranasal route for drugs
78 targeting viral reservoirs in long-COVID and the potential
79 benefits it can offer in these sets of patients needs to be
8o strengthened through further studies. The presence of
81 consistently elevated antibody (IgG) against S-protein and
82 N-protein (nucleocapsid) in the majority of long-COVID
83 patients hints toward viral persistence and an antigenic
84 challenge imposed by the S-protein. In patients with adverse
8s effects events reported after COVID-19 vaccine for prophy-
86 laxis, only S-protein IgG has been seen to be elevated in the
87 absence of reinfection. The possible low vascular sites where
88 the virus can conceal and evade the immune response include
89 areas mentioned above and shown below (Figure 1A). Delivery
90 of drugs® or saline® to these areas by nebulizer or similar
91 devices can enable the SARS-CoV-2 targeting agents to exert

antiviral effects topically at these areas where the bioavailability 92
of the drugs or the access of antibodies given via systemic 93
routes would have been lower otherwise. Additional benefits of 94
saline use by nebulizer are that it can act as prophylaxis for 95
newly acquired COVID-19 infection preventing long-COVID 96
in patients in addition to its effect to decrease the viral load® 97
and preventing neuroCOVID complications in ongoing long- 98
COVID. The possibility of saline administered via the 99
intranasal route reaching the extension of the nasal cavity in 100
areas including air sinuses, cribriform plate, and the adjacent 101
cavities containing air spaces provides the benefit of exerting a 102
virucidal effect, thereby addressing the viral persistence 103
etiology as a cause of persistent symptoms in long-COIVD. 104

C. TYPES OF DRUGS AND MOLECULES THAT CAN BE
USED INTRANASALLY IN COVID-19 AND 105
LONG-COVID 106

The prime objective of intranasal therapy in COVID-19 and

long-COVID could be the prevention or treatment of the
SARS-CoV-2 infection or its effects like neuroinflammation,
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110 cytokine antagonism, and prevention of cell injury to neuronal
11 and glial cells in olfactory mucosa and cerebral lobes.
112 Symptoms related to neuroCOVID have remained a feature
113 of both acute phase and long-COVID with SARS-CoV-2
114 infection. When delivery via intranasal route, antibodies
115 directed against the Spike protein of SARS-CoV-2 have been
116 reported to be effective in trials. Also, synthetic drugs and
117 natural products that are safe and eflicacious as antiviral,
118 antineuroinflammatory, and antioxidant agents stand a chance
119 to be tested in human clinical trials via the intranasal route to
120 contain the viral replication and inflammatory reaction in
121 neuroCOVID to prevent symptoms such as “brain fog”, loss of
122 cognitive functions, anosmia, and amnesia associated with
123 COVID-19 and long-COVID. Molecules like resveratrol,
124 epigallocatechin gallate (EGCG), and melatonin can contain
125 neuroinflammation, and cytokine-mediated neuronal and glial
126 cell damage is being tested in clinical trials to gauge the clinical
127 efficacy and safety of these agents for their use in COVID-19
128 and long-COVID. Known antioxidants like vitamin E, oleic
129 acid, and w3 fatty acid molecules added in combination with
130 the above molecules can be considered while manufacturing
131 the formulation for intranasal administration.

—

D. ADMINISTRATION OF SALINE SOLUTION VIA
132 INTRANASAL ROUTE USING A NEBULIZER OR
133 MODIFIED TRANSCRIBRIAL DEVICES

134 Saline nasal irrigation in COVID-19 with its effects on viral
135 load, mucosal dynamics, and patient outcomes has been
136 reported and documented recently.® Saline irrigation has been
137 reported to be a safe, low-cost, and easy-to-use sanitation
138 measure, complementary to hand washing or mask-wearing.
139 The mechanisms by which saline of various strengths can
140 combat SARS-CoV-2 have been reviewed in detail.” The use of
141 a nebulizer can widen the areas covered by the saline inhaled
142 (Figure 1 B) to exert its effect on viral loads in the air sinuses,
143 mouth, throat, and turbines present in the lateral wall of the
144 nose. The mucus liquefication by saline can be an additive
145 benefit of its use. Though the clearance of the viral load from
146 deeper areas like the subcribriform plate zone can be partly
147 achieved by nebulizing, specialized devices reported previously
148 like the “trancribrial apparatus” (Figure 1 C) for drug delivery
149 in infections caused by Naegleria fowleri can be tested in
150 clinical trials to show the extent to which this approach can
151 affect the viral loads in COVID-19 and long-COVID. A large
152 well-controlled or surveillance study can help to further
153 validate the outcomes and to implement the use of saline
154 inhalation in COVID-19 and long-COVID.

E. INTRANASAL ROUTE IN MYALGIC
155 ENCEPHALOMYELITIS/CHRONIC FATIGUE
1ss  SYNDROME (ME/CFS)

157 The neuroinflammation findings in chronic fatigue syndrome
158 (ME/CFS) and fibromyalgia (FM), while limited to a handful
159 of studies, are still persuasive as to be the leading factor if not
160 the primary cause of these disorders. It is known that several, if
161 not all of the clinical features, and symptoms that are
162 particularly associated with ME/CFS and FM such as cognitive
163 dysfunction, fatigue, pain, and mood fluctuations can have
164 their origins in the CNS. If true, the bigger question remains
165 how to treat the brain in ME/CFS? Getting neuro-anti-
166 inflammatory molecules, antioxidants, and drugs that prevent
167 neurodegeneration in the brain is limited by the BBB. Some

studies have found high lactate and low glutathione levels in 168
the ventricles of the brains of ME/CFS patients suggesting: a) 169
high rates of oxidative stress are present in the brains of ME/ 170
CFS patients, and b) glutathione is being overwhelmed in the 171
brain of patients with ME/CFS. About ~20% improvement in 172
6-8 weeks of fatigue and cognition has been seen within about 173
six to eight weeks, in about 80—90% of some patients treated 174
with intranasal glutathione has been seen in some clinical 175
practice. This highlights the urgency for trials of more soluble 176
antioxidants in patients with ME/CFS to accelerate the 177
recovery from fatigue and improve cognitive function, pain, 178
and dysautonomia. A study done in 2016 confirmed that when 179
taken intranasal, compounded glutathione does indeed 1s0
increase brain glutathione levels. Although not exclusively 1s1
considered as a post-infectious entity, ME/CFS has been 182
associated with several infectious agents including Epstein— 183
Barr Virus, Q_fever, influenza, and other coronaviruses. There 184
are important similarities between long-COVID /post-acute 185
COVID-19 symptoms and ME/CF. It remains to be 186
established whether as postulated for long-COVID, a viral 187
reservoir exists in ME/CEFES or not. In either case, research and 1ss
urgent clinical trials of drugs such as Resveratrol, Epigalloca- 189
techin gallate (EGCG), and Melatonin with other powerful 19
antioxidants like oleic acid, Glutathione, and vitamin E should 191
be funded to find solutions to neglected diseases like ME/CES. 192

F. DISCUSSION AND CONCLUSION

At the end of 2019 and the beginning of 2020, the COVID-19 193
pandemic struck the globe; it continues with so many SARS- 194
CoV-2 mutations that naming them has nearly exhausted the 195
Greek alphabet as epidemiologists seek to identify the 196
emerging variants of this deadly virus, which continues to 197
evade the immune system. The acute COVID-19 emergency 198
caused millions of deaths worldwide and also has been found 199
to cause lingering debilitating symptoms in a state recognized 200
as long-COVID syndrome. The CNS is one of the end organs 201
targeted in both the acute and chronic forms of COVID and 202
has gained recognition as Neuro-COVID in the past 3 years of 203
the pandemic. Initially thought to be an exaggeration of the 204
diverse organ infection capability of SARS-CoV-2, it is now an 205
irrefutable fact that SARS-CoV-2 targets the brain, causing 206
neurological deficits. Moreover, its capability to access the 207
brain via the porous cribriform plate was initially dismissed as a 208
hyperbolic coined to be a hyperbole hypothesis dyed-in-the- 209
wool' but was later confirmed to be the disease’s pathway to 210
the brain by finding the mRNA all along the olfactory mucosa, 211
olfactory nerves, cribriform plate, olfactory bulb,” and inferior 212
surface of the frontal lobe, in that anatomical order from the 213
nasal cavity to the cranial cavity. Recognizing the primacy of 214
this anatomical pathway as a route of infection by COVID, and 215
the resulting neurological deficits that go on to develop in 216
NeuroCOVID, the intranasal route (Figure 1A) appears to be 217
a route of administration of choice for targeting SARS-CoV-2 218
viral loads (5) in the prevention as well as treatment of neuro- 219
COVID. Non-drug treatment modalities like saline inhalation® 220
via nebulizer (Figure 1C) appear to be an effective way of 221
targeting the hideouts of SARS-CoV-2 deep within the air 222
sinuses to minimize the continuing symptoms of long-COVID. 223
It is important to mention here that for other places like the 224
gut, where intestinal lumens and crypts in the glandular cells 225
can serve as a viral reservoir, antiviral drugs and, antibiotics to 226
kill bacteria- harboring SARS-C-Ov-2, and probiotics to restore 227
the intestinal flora would be needed to completely eradicate 228
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the residual viral loads. Use of topical antibodies and natural
products directed against the spike protein of SARS-CoV-2 via
the intranasal route offer an additional gain in preventing
serious complications following COVID-19 by minimizing
hospitalization and the known complications associated with
COVID-19 and long-COVID. One forte of the intranasal route
to deliver anti-neuroinflammatory drugs and molecules to the
nose would be to restore anosmia that has been reported to
continue for years after acute COVID-19 infection and is due
to persistent inflammation in the olfactory mucosa. Research is
needed to fine-tune intranasal devices for more efficient
delivery. Funding of clinical trials exploring molecules with the
potential to limit inflammation and target the virus in the nose
and its extension into adjacent potential spaces is imperative to
get success in the treatment of acute and long-term
neurological deficits caused by SARS-CoV-2. Research on
nasal routes to deliver drugs in long-COVID is expected to
prevent the onset of post-infectious ME/CFES in many affected
individuals, and will also help in understanding the concept
and significance of viral persistence in ME/CFS—a disease for
which research has been largely neglected until the onset of the
COVID-19 pandemic.

B AUTHOR INFORMATION

Corresponding Author
Abdul Mannan Baig — Senior Researcher, Lead Scientist
COVID-19 and Long-COVID, St. George’s Hospital, 83043
Bad Aibling, Germany; ® orcid.org/0000-0003-0626-
216X; Phone: +92-(0)333-2644-246;
Email: dr.baig.mannan@gmail.com

Author
Joachim Gerlach — CEO Research and Development, Health-
Shield, 40764 Langenfeld, Germany

Complete contact information is available at:
https://pubs.acs.org/10.1021/acschemneuro.3c00488

Notes
The authors declare no competing financial interest.

B REFERENCES

(1) Baig, A. M.; Khaleeq, A.; Ali, U,; Syeda, H. Evidence of the
COVID-19 Virus Targeting the CNS: Tissue Distribution, Host-Virus
Interaction, and Proposed Neurotropic Mechanisms. ACS Chem.
Neurosci. 2020, 11 (7), 995—998 (Epub 2020 Mar 13. PMID
32167747; PMCID PMC7094171).

(2) Meinhardt, J; et al. Olfactory transmucosal SARS-CoV-2
invasion as a port of central nervous system entry in individuals
with COVID-19. Nat. Neurosci. 2021, 24, 168—175.

(3) Dhama, K,; Dhawan, M,; Tiwari, R,; Emran, T. B.; Mitra, S.;
Rabaan, A. A,; Alhumaid, S.; Alawi, Z. A.; Al Mutair, A. COVID-19
intranasal vaccines: current progress, advantages, prospects, and
challenges. Hum Vaccin Immunother. 2022, 18 (5), No. 2045853,
(Epub 2022 Mar 8. PMID 35258416; PMCID PMC8935456).

(4) Zhang, L.; Jiang, Y.; He, J.; Chen, J.; Qi, R;; Yuan, L.; Shao, T.;
Zhao, H.; Chen, C.; Chen, Y.; Wang, X,; Lei, X.; Gao, Q,; Zhuang, C,;
Zhou, M.; Ma, J.; Liu, W.; Yang, M.; Fu, R;; Wy, Y.; Chen, F.; Xiong,
H.; Nie, M,; Chen, Y.; Wu, K,; Fang, M.; Wang, Y.; Zheng, Z.; Huang,
S.;; Ge, S.; Cheng, S. C.; Zhy, H.; Cheng, T.; Yuan, Q.;; Wu, T.; Zhang,

284 J; Chen, Y.; Zhang, T.; Li, C.; Qi, H.; Guan, Y,; Xia, N. Intranasal

285
286
287
288
289

influenza-vectored COVID-19 vaccine restrains the SARS-CoV-2
inflammatory response in hamsters. Nat. Commun. 2023, 14 (1), 4117
(PMID 37433761; PMCID PMC10336035).

(5) Tsuji, M; Nair, M. S,; Masuda, K; Castagna, C,; Chong, Z.;
Darling, T. L,; Seehra, K;; Hwang, Y.; Ribeiro, AL; Ferreira, G. M.;

Corredor, L.; Coelho-Dos-Reis, J. G. A.; Tsuji, Y.; Mori, M.; Boon, A.
C. M,; Diamond, M. S.; Huang, Y.; Ho, D. D. An immunostimulatory
glycolipid that blocks SARS-CoV-2, RSV, and influenza infections in
vivo. Nat. Commun. 2023, 14 (1), 3959 (PMID 37402814; PMCID
PMC10319732).

(6) Huijghebaert, S.; Parviz, S.; Rabago, D.; Baxter, A.; Chatterjee,
U.; Khan, F. R.; Fabbris, C.; Poulas, K.; Hsu, S. Saline nasal irrigation
and gargling in COVID-19: a multidisciplinary review of effects on
viral load, mucosal dynamics, and patient outcomes. Front Public
Health. 2023, 11, No. 1161881, (PMID 37397736; PMCID
PMC10312243).

https://doi.org/10.1021/acschemneuro.3c00488
ACS Chem. Neurosci. XXXX, XXX, XXX—=XXX

291



