
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Contents lists available at ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier.com/locate/mehy

Surfactant-based prophylaxis and therapy against COVID-19: A possibility
K. Pramoda,⁎, Sabna Kottab, U.S. Jijitha, A. Aravindc, M. Abu Tahird, C.S. Manjua,
H.V. Gangadharappae

a College of Pharmaceutical Sciences, Govt. Medical College, Kozhikode, Kerala, India
b Department of Pharmaceutics, Faculty of Pharmacy, King Abdulaziz University, Saudi Arabia
c College of Pharmaceutical Sciences, Govt. Medical College, Thiruvananthapuram, Kerala, India
d Formulation & Development, Steril-gene Life Sciences, Puducherry, India
e Department of Pharmaceutics, JSS College of Pharmacy, JSS Academy of Higher Education and Research, Sri Shivarathreshwara Nagar, Bannimantap, Mysuru 570015,
Karnataka, India

A R T I C L E I N F O

Keywords:
COVID-19
Peplomer
SARS-CoV-2
Spike glycoprotein
Surfactants

A B S T R A C T

Hand hygiene by washing with soap and water is recommended for the prevention of COVID-19 spread. Soaps
and detergents are explained to act by damaging viral spike glycoproteins (peplomers) or by washing out the
virus through entrapment in the micelles. Technically, soaps come under a functional category of molecules
known as surfactants. Surfactants are widely used in pharmaceutical formulations as excipients. We wonder why
surfactants are still not tried for prophylaxis or therapy against COVID-19? That too when many of them have
proven antiviral properties. Moreover, lung surfactants have already shown benefits in respiratory viral infec-
tions. Therefore, we postulate that surfactant-based prophylaxis and therapy would be promising. We believe
that our hypothesis would stimulate debate or new research exploring the possibility of surfactant-based pro-
phylaxis and therapy against COVID-19. The success of a surfactant-based technique would save the world from
any such pandemic in the future too.

Introduction

The pandemic COVID-19 is spreading rapidly all over the world. At
present, the search for a therapy to this viral disease is in a ‘to leave no
stone unturned’ situation. Washing with soap is recommended for hand
hygiene for preventing the spread of COVID-19. Interestingly, the da-
mage to coronavirus spike proteins leads to the virus inactivation [1].
Soaps and detergents are classified under surfactants and are widely
explained as damaging peplomers or spike proteins. Inactivation of the
Ebola virus, a virus showing spike-protein mediated host attachment,
by surfactant nanoemulsion is ideal support for this hypothesis [2].
Surfactants are approved and widely used as pharmaceutical inactive
ingredients. Surfactants, including biosurfactants, have been known to
have antiviral properties. But their potential in prophylaxis and therapy
against COVID-19 is still not explored. Therefore, this hypothesis ana-
lyzes the possibility and speculates the use of surfactants against SARS-
CoV-2 peplomers for the prophylaxis and treatment of COVID-19.

Hypothesis

Here we postulate that a simple surfactant-based gargle would be

enough to stop the spread of this pandemic. In addition to gargle,
surfactant-loaded throat paint, mouthwash, nasal drops, and eye drops
could be used for prophylaxis. This would be particularly useful among
high-risk categories and health workers. In addition to prophylaxis, we
postulate that surfactant therapy would be beneficial in the treatment
of COVID-19. Further, the use of surfactant against COVID-19 would
prevent the spread of this disease.

Surfactant-based prophylaxis against COVID-19

The major route of entry of SARS-CoV-2 is through nose and mouth,
and to some extent through eyes. Throat (pharynx) is a common point
of entry to the lungs from both mouth and nose. In the case of eyes too,
it is described that the virus travels through the lacrimal and nasola-
crimal ducts (the tear ducts) and then into the nose, throat, trachea, and
finally lung [3]. Thus, any virus accidentally entered through mouth,
nose, and/or eyes could be stopped/inactivated at the pharynx or na-
sopharynx with the use of a surfactant-based gargle (Fig. 1a). Entrap-
ment of viruses by surfactant micelles could also occur as a mechanism
of inactivation. This would be possible when the critical micelle con-
centration (CMC) for a surfactant is achieved. Most surfactants have
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Fig. 1. The diagrammatic presentations of
the prophylactic and therapeutic applica-
tions of surfactants against COVID-19 (a)
how the surfactant-based gargle prevents
COVID-19; (b) entry of SARS-CoV-2 virus
into lung alveoli; (c) action of surfactant
on the SARS-CoV-2 virus. The figure shows
the inactivation of the virus by the action
of surfactant on viral spike glycoprotein.
The surfactant present in the interstitial
fluid could also render the virus non-in-
fective. The insert shows the internaliza-
tion of the virus at low surfactant con-
centrations; (d) action of surfactant in
circulation. The surfactant either in-
activates the virus or coats the virus and
renders it inactive.
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low CMC values. A high residence time of the virus in the pharynx
would further enhance this prophylactic effect.

A gargle is a widely used dosage form for throat infections and pain.
Most importantly, gargles are considered as external preparations
which render a high level of flexibility in choosing the excipients and
actives for their preparation. In addition to gargle, similar effects could
be expected from surfactant-loaded throat paint, mouthwash, nasal
drops, and eye drops. Throat paints even contain chemicals such as
phenol and iodine. So a surfactant-based gargle or throat paint would
not be of any concern. Most of the aspects mentioned for gargles apply
to throat paints and mouthwash too. Among these, surfactant-loaded
throat paints also provide good promise for the prevention of infection.
Based on the convenience of using gargle compared to throat paint, the
former would be most suitable for prophylaxis.

Inclusion of antiviral agents, proteases, astringents (protein pre-
cipitants), etc are some of the possible modifications to achieve addi-
tional benefits in gargles and mouthwashes. The addition of some
protein precipitants such as tannic acid would have added benefit in
preventing viral infection. Nevertheless, their interactions should be
studied with the surfactant. Their interaction should not interfere with
the ability of surfactants to inactivate the virus by interacting with the
spike glycoprotein.

The inhalation route would also prove to be useful in the prophy-
laxis of COVID-19. Inhalation drug delivery devices are helpful in such
delivery of surfactants [4]. Surfactants are already reported for pul-
monary drug delivery [5,6]. The use of surfactant in lung and tracheal
infections without causing any damage to the cilia is also reported [7].
On systemic delivery, the surfactant reaches both interstitial fluid and
lung alveoli. Now when a virus enters the lungs, it has to encounter
these surfactant molecules (Fig. 1b). We believe that surfactant therapy
will prevent the attachment of the virus through its spike glycoproteins.
The surfactant present at the alveolar surface could interfere with the
spike glycoproteins resulting in their destruction. This would help avoid
the infection when in contact with the virus (Fig. 1c).

Surfactant therapy against COVID-19

Surfactant therapy is already in use for respiratory problems. It is
reported that inhalation of lung surfactant improves respiratory dis-
eases. The tremendous benefit of an artificial surfactant against the
HINI virus has been proved in mice [8]. Also, surfactants have some
role in innate host defense during infections [9]. Thus, it could be
reasonably hypothesized that surfactant therapy would be promising in
COVID-19 cases. A list of approved lung surfactants is presented in
Table 1 [10–12].

Lung surfactant is considered as a physiological barrier to viral in-
fections. The lipid portion is mainly responsible for the antiviral activity
[13,14]. Inhibition of the H1N1 influenza virus is also possible with the
lipid part [15]. Yet another advantage of lung surfactant phospholipids
is their inhibition of virus-mediated inflammation and infection. Pal-
mitoyl-oleoyl-phosphatidylglycerol has shown such activity [16].
Meanwhile, the antiviral activity of the protein part is also established
[17]. Moreover, it is noteworthy that the lung surfactant protein has the
ability for selective recognition of SARS coronavirus spike glycoprotein
and subsequent macrophage activation [18].

Recently, the use of bear bile has been proposed against COVID-19
[19]. Bile contains bile salts that can function as surfactants [20]. We
believe that these bio-surfactants present in the bear bile would have
made a major contribution to the observed activity.

Now about the role of surfactant inside a cell, we postulate that the
surfactant may reach the cells and the extracellular fluid. The surfactant
would interfere with one or more steps of viral replication. Moreover,
the spread of viruses from one cell to the adjacent one might be in-
terrupted by the presence of a surfactant in the extracellular or inter-
stitial fluid. This effect would be most important with the target site of
SARS-CoV-2, the alveolar epithelial cell. Ta
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Surfactants against the spread of COVID-19

The next aspect or advantage of surfactant therapy is the prevention
of virus spread. At first, let us consider the most common method of
spread, the droplet contact transmission method. The presence of a
surfactant near the cell membrane could interfere with the viral bud-
ding process by affecting the viral envelope formation. Each drop of the
saliva of a patient could host millions of infective viruses which could
be simply inactivated by the use of a surfactant-based gargle or
mouthwash [21]. Now assuming the possibility of viral spread through
blood, and possibly other body fluids too, the surfactant molecules in
circulation would either coat the virus or destroy its peplomer and this
renders it non-infective (Fig. 1d). Most importantly, these mechanisms
could result in the loss of contagiousness of a patient. Therefore, we
believe that surfactant-based methods could prevent the spread of this
pandemic. Moreover, if we could demonstrate the utility of this method,
it would be a solution to stop such viral infections in the future too.

A description on selected surfactants useful for the prophylaxis and/
or therapy of COVID-19 is provided in the supplementary material
along with other details regarding the validity of the proposed hy-
pothesis.

Testing of the hypothesis

Two aspects should be studied to identify the potential of surfactant-
based strategies against COVID-19. The first one is to identify the sur-
factant and its concentration or dose for its use. The critical micelle
concentration would be the best point to start with for every surfactant.
The second one is to check its safety profile for the intended use and
route of administration. The in vitro studies would be sufficient for the
primary screening of the surfactant and the required concentration or
dose. A detailed study of the effect of surfactant on viral spike protein
would be appropriate at this stage. Many surfactants are approved for
pharmaceutical use as inactive ingredients and therefore issues related
to safety will not be a concern (Table 1) [22]. The hypothesis may be
tested under two categories. In one type of testing, the prophylactic
action should be studied. In the other, therapeutic effect should be
studied.

Conclusion

We believe that our hypothesis would stimulate debate or new re-
search exploring the possibility of surfactant-based prophylaxis and
therapy against COVID-19. The future and required clinical trials on
surfactant-based therapeutics against COVID-19 would be further de-
pendent on how this pandemic emerges in the future. It is presumed
that this hypothesis would trigger some research in this unconventional
approach against COVID-19.
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