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Abstract

To date, no effective anti-viral, immunomodulatory therapies for COVID-19 has been reported, making symptom
directed supportive measures as the conventional practice for treatment and defining Personal Protective Equipment
(PPE) as preventive devices to control transmission. With the upsurge of positive cases and looking at the severity
of the infection, it is the need of the hour to improvise the available PPEs. A holistic approach for a biological pro-
tective face mask impregnated with an anti-viral extract may prove to be a novel idea against the epidemic spread
of COVID-19. Based on a thorough review of published literatures, we have reported a few of the potent anti-viral
ethnomedicines of North East India based on their mechanism of action. The facemask may further be reinforced with
‘water repellent’ technology. Therefore, the paper aims to apprise the readers of the concept of utilizing herbal resources
against COVID-19 pandemic.

Keywords: Personal Protective Equipment, Facemask, Anti-viral, Water-repellent, North East India, Oxyphenbu-
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1 Introduction

1.1 Clinical Manifestations and General Man-
agement of COVID-19

In the past two decades, two highly pathogenic coronavirus
viz., the coronavirus accountable for severe acute respira-
tory syndrome (SARS-Cov) and Middle East respiratory
syndrome (MERS-Cov) have been reported(1). In De-
cember 2019, the Chinese Center for Disease Control and
Prevention, China, isolated a new strain of coronavirus,
SARS-Cov-2 which was connected with the pneumonia like
outbreak in Wuhan(2). SARS-Cov-2 was officially named
coronavirus Disease (COVID-19) on the 11th of February
2020(3) Symptoms in patients infected with COVID-19 in-
clude fever, chills, cough, dyspnea and fatigue(4). COVID-
19 positive patients suffers from acute respiratory distress
syndrome (ARDS) characterized by formation of hyaline

membrane and desquamation of pneumocytes as evident
from histological examination of the lungs(4). ARDS is fol-
lowed by a ‘cytokine storm’ which involves rampage of a
considerable amount of proinflammatory cytokines includ-
ing interleukins (IL)-6, tumour necrosis factor (TNF)-, and
IL-12 through bloodstream to the target organs(5). Pre-
cisely, till date, no anti-viral, immunomodulatory thera-
pies for COVID-19 has been reported to be effective, mak-
ing symptom directed supportive measures as the con-
ventional practice for treatment by physicians which in-
cludes conventional antiviral or anti-neoplastics like inter-
feron alfa-2b, corticosteroids like methylprednisolone and
broad-spectrum antibiotics like meropenem and anti-human
IL-6 receptor monoclonal antibody, tocilizumab(4). Lately,
hydroxychloroquine as well as remdesivir(6) has reported
to been administered as prophylactic as well as therapeutic
strategy against COVID-19 cases; however, the results ob-
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tained were of mixed nature(7). In an another attempt to
counter the growing COVID-19 cases, most recently, con-
valescent plasma collected from recovered COVID-19 pa-
tients was administered to infected patients and the out-
come was reported to be satisfactory, however, this treat-
ment needs to undergo various assessment and screening be-
fore coming to a final conclusion(8). A number of COVID-
19 vaccines namely SII/Covishield, AstraZeneca/AZD1222,
Janssen/Ad26.COV 2.S, Sinopharm, Moderna, Sinovac-
CoronaVac, Covaxin have now been approved or licensed
for human usage and has been administered in humans in
different regimen across the world(9) (Kumar et al., 2023).
Mass vaccination is being initiated worldwide and India
has launched its world’s largest vaccination program on
full volume across all states, and as of 15th May 2023,
2,206,693,803 vaccine doses has been administered across
India(10). All these treatment options are being tried in
a trial and error basis and it may take several months or
even years to discover a proper therapy to treat COVID-
19 patients. So, at this critical juncture, it is the need of
the hour to propagate an alternative action plan to limit the
ever growing transmission. So, world body such as WHO as
well as national body like Indian Council for Medical Re-
search (ICMR), India, has suggested various non-medical
preventive and mitigation measures such as social distanc-
ing, hand hygiene, coughing/sneezing etiquette, proper use
of face mask/cover for general public and devised certain
‘Personal Protection Equipment’ (PPE) like medical grade
facemask, face-shield, protective clothing, goggles, gloves,
gown as well as for specific procedures, respirators (i.e.,
N95 or FFP2 standard or equivalent) and aprons for health-
care personnel to counter the transmission. Controlling the
growing transmission should be the main concern and for
this, development of a quick solution using locally available
resources is the need of the hour.

1.2 Recent Update on COVID-19

On 31
st

December 2019, the WHO Country office in China
received the first report of an outbreak of pneumonia like
unknown cause and on 5

th
January 2020, it issued its first

guidance on the novel coronavirus. Within a few weeks,
the virus rapidly spread from its origin in Wuhan City of
Hubei Province of China to the rest of the world spread-
ing its routes to India as well. On 11

th
March 2020, WHO

designated “coronavirus disease 2019” (Covid-19) a global
pandemic. As of May 31

st
, 2023 in 231 countries, about

689,549,946 cases have been confirmed, 661,991,715 cases
recovered with over 6,884,636 total deaths reported. In In-
dia, on May 31

st
,, 2023, about 44,990,588 cases have been

confirmed with 44,454,496 cases recovered and over 531,870
total deaths reported(11). The May 3

rd
, wave which started

in late 2021 presented a devastating effect in India where
confirmed cases and casualties surpassed the May 1

st
, and

May 2
nd
, waves of COVID-19. The first two years of the

COVID-19 pandemic were characterized primarily by re-
current mutations in the SARS-CoV-2 Spike protein to a
number of residues, including K417, L452, E484, N501,
and P681, that expressed in several variants such as Al-
pha, Beta, Gamma, and Delta. However, in the third year
of the pandemic comprising the spring of 2022, there was
the appearance of Omicron and its sublineages, which re-

sulted in mutations at various amino acid residues that ap-
peared to be prominent during the summer and autumn
of 2022(12). On May 4

th
, May 2023, the WHO Director-

General declared that COVID-19 to be no longer a public
health emergency of international concern (PHEIC)(13).

2 Ethnomedicinal Plants with Antiviral
Efficacy

Several effective herbal therapies are under evaluation in
clinical trials for viral diseases to prove their effectiveness
and safety. ‘The Times of India’ also stated that there is
a strong need to bring traditional medicine into the main-
stream for the fight against COVID-19. Assam and north-
east India (NEI) as a whole is a treasure trove of medicinal
plants and herbs and is renowned for its rich fauna. This
region is important for conservation of biodiversity because
of its high species diversity and high level of endemism.
The Institute of Bioresources and Sustainable Development
(IBSD), Manipur, India, in collaboration with Botanical
Survey of India (BSI), Kolkata, India has recently released
a ‘Compendium of Antiviral Medicinal Plants of North
East India’ having information on around seventy medicinal
plants having documented anti-viral activities(14). Numer-
ous studies reported the existence as well as efficacy of anti-
viral plants and herbs in this region (Table 1). Tulsi plant
(Ocimum sanctum, OS), clove (Syzygium aromaticum, SZ)
and ginger (Zingiber officinale, ZO) are some of the plants
that are abundantly available locally and are reported to
having potent anti-viral efficacy. Hot aqueous extract of
OS was found to be effective against Newcastle disease
virus (NDV) and Infectious bursal disease virus (IBDV)
in chicken embryo fibroblast (CEF) (in vitro) cell culture
as well as in chickens (in vivo)(15). Moreover, crude ex-
tract of OS has also shown potent anti-viral activity against
endemic avian influenza H9N2 virus(16). Apigenin, found
in OS extract, was found to be having improved binding
properties in H1N1 influenza virus proteins neuraminidase
and hemagglutinin when screened with molecular docking.
Aqueous extracts of SZ and ZO was found to be very ef-
fective against Feline calicivirus, a surrogate for human
norovirus(17) as well as essential oil of SZ was found to
be effective against H1N1 virus strains18.
In vitro study of another species of Ocimum, Ocimum
gratissimum, commonly called as Ram Tulsi, has shown
to exhibit potent inhibition of HIV-1 and HIV-2 and ex-
presses cytotoxicity by the inhibition of reverse transcrip-
tase and pro-viral DNA replication of HIV-1, mitigating
the antiviral potential of the plant(28). The extracts of
some common potent medicinal plants abundantly found
in Northeast India viz. Dillenia indica (Vernacular name:
Outenga), Odina wodier (Vernacular name: Jia) , Moringa
oleifera (Vernacular name: Sajana) exhibited significant an-
tiviral activity against herpes simplex virus type I (HSV-
1) at non-toxic concentrations(29). Again, the same study
reported Morus alba (Vernacular name: Nuni) and Butea
monosperma (Vernacular name: Polash) to have antiviral
efficacy at higher concentration tested in African green mon-
key kidney cells (Vero cells). Pteridophytes are known to
be the primitive vascular plant groups. An article assessed
and outlined 4 such pteridophytes, of Arunachal Pradesh
of NEI with ethno medicinal value as an antiviral. It
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Table 1: Medicinal Plants of Northeast India With Reported Antiviral Activity

Medicinal Plant
Effective against
(Virus)

Association with
humans/symptoms

References

Ocimum sanctum Newcastle disease virus

Yes/mild conjunctivitis and
influenza-like symptoms,
minimally pathogenic
in humans

(19)

Ocimum sanctum H9N2 Yes/flu like illness (20)
Ocimum sanctum,
Syzygium aromaticum

H1N1
Yes/febrile respiratory illness, influenza,
vomiting, diarrhea

Syzygium aromaticum,
Zingiber officinale

Feline calicivirus
Yes/ diarrhea, vomiting, and
abdominal cramping

(21)

Ocimum gratissimum HIV-1 and HIV-2
Yes, acquired immunodeficiency
syndrome

(22)

Azardirachta indica, HSV-1 Yes/ labial herpes, ocular keratitis,
genital disease and
encephalitis and morbidity
in immunocompromised patients

(23)
Dillenia indica, Odina wodier,
Moringa oleifera,

HSV-1

Solanum torvum HSV-1

Aegle marmelos coxsackieviruses
Yes/ aseptic meningitis, myocarditis,
respiratory illness

(24)

Andrographis paniculata Flavivirus Yes, dengue fever, dengue hemorrhagic 25
Andrographis paniculata or dengue virus fever and/or dengue shock syndrome 25
Acorus calamus L DENV2 (dengue virus) Yes, dengue fever (26)

Curcuma longa SARS-CoV-2 main proteinase (Mpro)
Yes, Cough, Shortness of breath or, Fatigue,
Muscle or body aches, Headache,
loss of taste or smell

(27)

includes Adiantum capillus veneris, Equisetum ramosissi-
mum, Helminthostachys zeylanica and Pteris vitata(30).A
recent systematic report on use of plants by the indige-
nous tribes from the Chirang Reserve Forest found some
indigenous plants including Aglaia spectabilis, Bischofia
javanica, Digitalis grandiflora, Dysoxylum gotadhora and
11 other plants31 which showed anti-enteroviral activity
against type 71, BrCr strain enterovirus, with rupintrivir
as a positive control. Meliacine and meliacaprin are pep-
tides isolated from Melia azedarach, a deciduous tree na-
tive to northeastern India. These peptides were found to
exhibit an antiviral activity when examined on Vesicular
stomatitis (VSV), polio and HSV viruses in cell cultures
in vitro with no cytotoxic effect(32). Aqueous extract of
Azadhiracta indica (Vernacular name: Neem) bark signifi-
cantly inhibited HSV-1 entry and viral glycoprotein medi-
ated cell-cell fusion in a cell culture model(23). Solanum
torvum (Vernacular name: Tita-bhekuri) is a wild edi-
ble plant of Northeast India. The extracted glycosides
torvanol A and torvoside H from the fruits of S. torvum
exhibited antiviral potency against HSV-1(33). Further-
more, the in vitro antiviral activity of marmelide extracted
from Aegle marmelos (Vernacular name; Bael), the holy
plant of India, was found to possess potent anti-viral po-
tency against human coxsackieviruses(34). The methano-
lic extract of Andrographis paniculata (Vernacular name:
Kalmegh), showed the highest antiviral inhibitory effect on
a serotypic Dengue virus (DENV)-1 by antiviral assay based
on cytopathic effects(25). A systematic review of plants of
the Himalayan countries have been documented which were
screened in vitro and in vivo against viral pathogens in-
volved in bronchitis caused by viruses including influenza,
rhinoviruses, adenoviruses, coronavirus and respiratory syn-
cytial virus. Out of those, the effective ethnomedicines were
mostly documented from India(35). NEI forms an exclu-

sive biogeographic territory encircling some of the major
recognized biomes worldwide and is also one of the bio-
diversity hotspots of the world with about 50% of India’s
biodiversity(36). It has become imperative to screen the
above mentioned plants in detail not only for their in-vitro
and in-vivo activity of the extracts but also for their antivi-
ral based mechanism of actions.

3 Significance of PPE

Having been through the 2019-2020 experience with
COVID-19, the medical committees are well aware of the
ongoing challenges and controversies surrounding PPE for
healthcare personnel. PPE is used to minimize potential ex-
posure to infective agents and materials thereby providing
protection to both healthcare workers and patients. After
SARS and MERS pandemic, the importance of PPE was
underscored in the recent outbreak of COVID-19. PPE is
the only effectual measure within a package that comprises
administrative, environmental as well as engineering con-
trols (Infection prevention, 2014). However, the lack of ad-
equate PPE for frontline healthcare workers has grown due
to constant up-surging rates of COVID-19 related infection
and death. Moreover, before this pandemic, China pro-
duced about half the world’s face masks(37). Currently, as
the infection spread across China, their exports have grad-
ually minimized. Moreover, the uprising in global demand,
caused by not only by the number of COVID-19 cases but
also by panic buying and stockpiling, misinformation, and
irrational use will lead to further scarcity of PPE globally.
Though PPE is an important component of standard pre-
cautions, inappropriate use of PPE can actually increase in-
fection hazards(38). Therefore, appropriate strategies can
be employed to improve compliance with PPE. It has been
reported that during the SARS outbreak, healthcare work-
ers accounted for almost 20% of the total cases because of
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failure to properly use PPE. Although PPE is usually worn
only for short periods, coronavirus can survive for hours on
surfaces and viral infection can be spread by surface-to-hand
and hand-to-hand contact(39). Some authors have also con-
cluded that coronaviruses survived on hospital PPE longer
than the contact duration with an infected patient(40). The
key components of PPE are gloves, gowns, aprons, masks,
goggles, visors, caps, and theatre footwear.

3.1 The Need for an Effective Face Mask

Inputs from current information suggest that there are
mainly two routes of transmission of the COVID-19 virus,
which are, respiratory droplets and contact with a contam-
inated surface. Coughs and sneezes of an infected person
generate respiratory droplets and a person in close prox-
imity (within 1m) of the infected person has a very high
risk of getting exposed to the generated infective respira-
tory droplets. Moreover, infective respiratory droplets may
also perch on any surface where the virus may remain viable
for a considerable time thereby making the environment oc-
cupied by an infected person a likely source of transmission.
And a non-infected person may become vulnerable to the
virus when he/she comes in contact with such an infected
person or the surroundings occupied by an infected person.
So, it is of utmost important for an infected person as well as
health workers that come in contact with the infected person
to wear a medical grade face mask. Moreover, a used and
discarded facemask may become a vector for that disease
as they tend to multiply in its fiber. That is why; a wash-
able, reusable facemask with an anti-viral filter may counter
the transmission of SARS-Cov-2 and other deadly viruses.
At this critical juncture, development of a reusable anti-
viral-water-resistant facemask is deemed to be a suitable
solution. Using locally available resources and employing
simple technology which is cost effective, a state-of-the art
facemask may be developed. Medical masks, defined as sur-
gical procedure masks that are flat, pleated or cup shaped,
are affixed to the head with straps(3). Studies involving
influenza, influenza-like illness, and human coronaviruses
suggests that proper use of medical masks may prevent the
spread of infectious respiratory droplets from an infected
to a non-infected person a well as may prevent potential
contamination of the surfaces by these respiratory infec-
tious droplets(3). Growing incident of COVID-19 positives
cases worldwide made many countries to implement the
use of non-medical home-made masks among general pub-
lic and vulnerable healthy persons. Many studies strongly
suggested universal public masking in the United States
(US) both for indoor and public spaces, including public
gatherings, markets and also in closed workplaces with the
hope of slowing down the transmission(41). Finally, on 3

rd

April 2020, countries that claimed benefits of home-made
face cover were cited by the Ministry of Health and Family
Welfare, Government of India and recommended the use of
home-made reusable mask for general public and also for
people who are not suffering from any medical conditions
or having breathing difficulties. On 26th April 2020, WHO
advised the decision makers of countries that are currently
considering the use of masks, to follow a risk-based approach
before allowing use of non-medical masks in the society (q-a-
on-COVID-19-and-masks, (WHO, 26th April 2020). Stud-

ies reported that medical or surgical mask is 3 fold effective
in blocking microorganism transmission expelled by volun-
teers than the home-made mask(42). However, in another
recent study it was reported that neither surgical mask nor
cotton mask was effectively able to filter SARS-CoV-2 from
cough by infected patients. The study concluded that these
masks were unable to filter SARS-CoV-2 due to its micro-
scopic size that ranges between 0.08 to 0.14 m(43). It was
also reported that high filter efficiency mask may not solely
uplift the global burden of COVID-19 infection(44).

3.2 Improvising Facemasks With the Help of
Natural Resources

Overviewing the current status, an antiviral mask may
be an effective approach to constrict the spreadability of
COVID-19. A number of patents has been filed or sub-
sequently granted on various anti-viral medical devices in-
cluding facemask. A United States (US) patent, polyphenol
tea extract impregnated in a nonwoven fabric was used as
filter for design of an anti-viral face mask. This polyphe-
nol tea extract impregnated face mask, capable of main-
taining a high virus trapping performance, inactivated the
trapped viruses and prevented them from rescattering(45).
In another US patent, an anti-viral glove was developed by
coating the inner layer with an anti-infective agent consist-
ing of chlorhexidine and pharmaceutically acceptable salts
of chlorhexidine with a non-adsorbant lubricating agent,
the anti-infective agent was found to be effective within
10 minutes of exposure to a liquid(46). (6) developed a
novel type of mask with an antibacterial function using ex-
tractant of the Chinese herb Scutellaria baicalensis(47). In
another study, an all-natural compound of green tea ex-
tract QR-435-impregnated masks was tested in vitro against
H3N2 in Madin-Darby canine kidney (MDCK) cells and was
found effective in preventing passage of the H3N2 virus(48).
Most recently, an invention has been patented relating to
antiseptic compositions, particularly, to a nasal antisep-
tic barrier composition and having antimicrobial, antiviral,
and antifungal properties, with ethyl alcohol as the active
ingredient(49). Screening the aforementioned traditional
north East Indian plants, having a long history of antiviral
potency, may provide a herbal extract having potent anti-
viral activity thereby serving for an established segment of
the public health system. A biological protective face mask
with an antiviral function may prove to be a novel idea to
prevent the epidemic spread of COVID-19 and protect in-
fected person as well as the people involved in healthcare
sector. Moreover, even after discarding the proposed face-
mask, the anti-viral filter will continuously inhibit the virus
from multiplication.

3.3 Salient Features of an Antiviral Extract-
impregnated Face Mask

While designing a face mask the following points may be
considered:
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Figure 1: A basic design for an antiviral extract-
impregnated face mask

a It should bridge the gap between unapproved disposable
masks and expensive, approved replaceable cartridge respi-
rators.
aAn effective face mask may be prepared comprising of two
to four layers of polypropylene based nonwoven fabric or
100% cotton woven fabric.
aA filtration medium comprising a nonwoven fabric formed
of continuous thermoplastic filaments that restrict the pen-
etration of macromolecules size %0.5 micron.
aThe outer most layer that contacts the face may be of
a material that permits more comfortable wearing of the
mask.
aThe middle layer may be made of nonwoven
polypropylene-based fabric fabricated to an anti-viral herbal
extract filter.
aThe fabric should be lightweight and somewhat porous
with heat/moisture exchanging properties
aThe biological agent forming part of porous segment of
the mask should extend across the nasal and mouth por-
tions of the face of a wearer. A basic design for an antiviral
extract-impregnated face mask has been depicted in (Figure
1).

3.4 Reinforcing the Anti-viral Impregnated
Facemasks With Water-repellent Technol-
ogy

Although there are reports and findings of anti-viral medic-
inal plant or their essential oils, water-repellant face mask
or anti-viral face mask are available, however, no litera-
ture was found where the combination of both the anti-
viral coating or impregnation and water-repellent finish was
demonstrated in any type of facemask. Incorporation of
‘water-repellent’ or ‘hydrophobic’ technology in fabric is
an old technique dated back to 1920(50). Since then, this
technology has been rigorously utilized in various sector in-
cluding health and medical field. This technology protects
the health workers from exposure to body fluids acciden-
tally from an infected patient. Numerous studies have been
carried out to improvise medical masks using this technol-
ogy. Shen and his team developed a water-repellant surgical
mask where effects of repellent finish and layering order on
the fluid resistance, filtration ability and differential pres-
sure of surgical face masks were studied and found that
the repellent finish decreased the filtration ability of the

cover layer, without affecting the filtration ability of the
filtration layer(51).The FDA has listed 5 major tests to de-
termine the barrier performance and safe use of face mask
including, fluid resistance, filtration efficiency, air exchange,
flammability and biocompatibility. Among these, filtration
efficiency is the most widely accepted one(52). Also, three-
dimensional (3D) printing has been used to prepare drug-
containing nose masks specifically tailored to the patient.
(53), designed a 3D-printed anatomically customized wound
dressings using silver, zinc and copper as the anti-microbial
agents in the shape of a nose and ear(53). Moreover, an
improved face mask can also be designed containing the
anti-viral agent encapsulated within micro miniature cells
of the mask in which, such capsules may be ruptured to
allow their contents be released to the cells of the mask ef-
fecting the destruction of viruses passing through the mask
when the wearer breathe(54).

4 Conclusion

The main aim of this paper was to apprise the readers about
the concept of utilizing herbal resources against COVID-19.
Nosocomial transmission of COVID-19 associated severe
ARDS to patients and healthcare workers has been a noto-
rious characteristic of this disease. Moreover, it is a likely
possibility that epidemics will continue to occur, and with
emerging new organisms, may be more violent than ever,
as the virus mutates. Therefore, the need arises to develop
novel effective methods of infection control that are both
cost-effective and accessible to the maximum population.
Hence, a holistic approach of integrating and introducing a
specific herbal extract-impregnated face mask can be turned
into practice by taking the aforementioned approaches and
processed for further preclinical and clinical trials. India
is the country where the world’s oldest living healthcare
system originated and therefore it’s time to combat the
crisis using its traditional healthcare might.
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