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Abstract: Every liquid-solid interface is subject to an interfacial tension also known as surface tension. Agents that reduce this interfacial
tension are termed as surfactants. Surfactants in the lungs are associated with two major functions namely reduction of s urface tension to
prevent the collapse of alveoli post expiration and modulating the lung environment to prevent pathogenic harm. Surfactants help by
governing cellular functions since it orchestrates the communication, modification, and trafficking of secretory and membrane proteins which
trigger immune pathways. Acute Respiratory Distress Syndrome (ARDS) which is very common in premature babies has been treated
extensively in with pulmonary surfactants in the past with a 50% rise in positive outcomes. Although ARDS in COVID-19 is novel, SARSCoV and SARS-CoV2 both use ACE2 (Angiotensin converting Enzyme) as their host cell receptor to establish infection. ACE2 is expressed
in almost all cells in the body. ACE2 is highly expressed on surfactant producing type 2 alveolar cells in the lungs, and on ciliated and goblet
cells in the airways; these cells likely provide a portal of entry for the virus in humans. There is currently no pharmaceuti cal agent to help the
critically ill patients except for Positive end expiratory pressure (PEEP) and Non-invasive ventilation (NIV), we should not overlook that the
role of surfactant might benefit these kinds of patients by helping improve oxygenation. This review will help understand how an old weapon
of surfactant could benefit COVID battle armamentarium and help save lives. After a brief discussion on whether or not surfactant proteins,
especially SP-D, should be included; this review also tries to explore the immune-modulation of surfactant protein (SP-D) and connection in
COVID disease and its outcomes in obese, diabetic, and co-morbid people. This review emphasizes the dwindling surfactant balance as a
putative therapeutic target for the treatment of COVID complications, and therefore, the urgent need for the development of better and safe
agents for the severe respiratory syndrome of corona viral disease.
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I.

INTRODUCTION

T

he Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is a new pathogen that is highly
contagious, can spread quickly, and must be considered
capable of causing enormous health, economic and
societal impacts in any setting [1]. It has affected almost
35 million people and already more than 1.4 million
deaths have been reported all over the world [2]. Corona
viruses are a group of viruses that were initially hosted
only by Bats and Civets but now have spread to humans.
A pandemic like the current one had been predicted long
ago by researchers working on this group of viruses [1].
The Severe Acute Respiratory Syndrome epidemic in
2009 was also similar to this Coronavirus Disease 19
(COVID-19) epidemic with lesser mortality and milder
Volume 3 | Issue 2 | e1000029

infection rates [3]. Some patients although have
recovered, but significant fatalities have been observed in
patients with weak immune systems, pre-existing comorbid conditions. Those who progress to severe disease,
usually report the presence of mild or severe Acute
Respiratory Distress Syndrome (ARDS).
ARDS which is interchangeably abbreviated from
Acute Respiratory Distress and Adult Respiratory
Distress is caused by several causative agents like gastric
acid aspiration, thoracic trauma, pneumonia, pathogenic
entry and near-drowning [4]. The latter is true for
COVID-19 where the Lungs of COVID-19 patients have
been compared to that of a person with near drowning
experience. ARDS caused due to any of the above
reasons in neonates has been successfully treated using
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surfactant therapy in the past [5-7]. Surfactant
replacement therapy (SRT) has been previously tried in
ARDS in adults also but with less success [8]. However,
we need to gear up existing arms in our armamentarium
to fight COVID-19, rectify what went wrong, and gather
more data concerning usage of SRT in COVID-19
affected adults who are in critical condition. This review
article lays a rational foundation for further research in
near future.
ARDS and COVID-19 – Progression and
Characteristics
Many reports suggest enough similarities
between pneumonia, regular ARDS, and ARDS seen in
COVID-19 patients [9-10] compared to mild ARDS
patients, those with moderate and severe ARDS had
higher mortality rates [11]. Also, SARS-CoV-2 shares
79% sequence identity to SARS-CoV and around 50% to
Middle East respiratory syndrome (MERS)-CoV [12]. A
study of the largest cohort of >44,000 persons with
COVID-19 from China showed that progression in illness
severity can range from mild to critical [13] while 81% of
this population suffered from only mild to moderate (mild
symptoms up to mild pneumonia). The rest of the people
i.e. approx. 20% of people suffered from severe (14%) to
critical disease (5%). The symptoms in severely ill
patients were dyspnea, hypoxia, or >50% lung
involvement on imaging.
ARDS frequently starts with hypoxia and
respiratory problems which worsens in selected
individuals [15-17]. In an observational study conducted
in 201 COVID-19 patients of Wuhan, (41.8%) developed
ARDS, and of those 84 patients, 44 (52.4%) died. In
those who developed ARDS, compared with those who
did not, more patients presented with dyspnea (shortness
of breath) (50 of 84) [59.5%] patients [18]. Hypoxia
(absence of enough oxygen) is another mainstay that
presents after average 8-12 days in most patients and
suggested by many reports from Wuhan as well as other
parts of the world [15-17,19].
Recent studies revealed 50% patients developed
hypoxemia after Day 8 of SARS-CoV-2 infection [20].
The actual cause of COVID-19 disease deaths is also
important in interpreting case fatality rates, which, is
sometimes complicated by shock and multiple organ
failure but the real course of the disease is not yet well
described [21]. The mortality rate for COVID-19 ARDS
ranges from 65.7% to 94% and is largely due to
respiratory failure (53%,) , followed by respiratory failure
combined with cardiac failure (33%), myocardial damage
and circulatory failure (7%), rest death from an unknown
cause [22]. These studies might demonstrate the claim
that the major morbidity and mortality from COVID-19 is
Volume 3 | Issue 2 | e1000029

largely due to acute viral pneumonitis that evolves to
acute respiratory distress syndrome (ARDS) [23]. These
studies might be suggestive that the hypoxic atmosphere
in the body can be a trigger to immune activation and
sepsis formation that will precede ARDS following
multiple organ failure [24-25].
Administration
of
exogenous
pulmonary
surfactant might be one such strategy to help revive
critically ill patients. Clinical practice guidelines for
COVID-19 have suggested measures to reduce the
secretion and improve pulmonary ventilation [2]. Thus,
SRT might play a role in improving pulmonary
ventilation. SARS-CoV infection causes airway
resistance and increased EF50 (mid-breath exhalation
force), indicating that respiratory function is
compromised, and animals must do more work to breathe.
A study by Gralinski et al (2015) and Menachery et al
(2015) indicate that it is the exhalation portion of each
breath that is impacted by SARS-CoV infection, likely
due to extensive debris clogging the conducting
airways [26]. Also autopsies of COVID-19 lungs
resemble that of lungs subject to wet drowning [27-28].
Hence, atleast theoretically, surfactant therapy is
promising [27-28].
Therefore, we hypothesize that the SRT of such
clogged airways can help critically ill patients. This
review will theoretically highlight how surfactants can
help in airway clearance. They also manage immune
activation, to some extent, if not entirely based on
previous research on surfactants and their role in host
immune defenses. Additionally, surfactant protein
depletion or absence tends to be associated to sever
disease outcome. Furthermore, protein D has been
explored for its link to severe COVID 19 outcomes
Evidences which link severe disease outcomes to
surfactant proteins, especially the role of SP-D have also
been discussed in this review article.
Surfactant and ARDS relationship – Have we defined it
in COVID-19?
Pulmonary surfactant lines the alveoli and lowers
surface tension. It thereby reduces the work associated
with breathing. It also prevents atelectasis i.e. lung injury
during breathing. A Pulmonary Surfactant consists of a
unique
phospholipid,
termed
dipalmitoylphosphatidylcholine (DPPC), and four surfactantassociated proteins, Surfactant Protein / Surfactant
Protein -A (SP-A), SP-B, SP-C, and SP-D [29]. DPPC is
chemically the ideal surfactant phospholipid, but it lacks
the physical properties for lowering surface tension at
body temperature (37°C) [26,30]. Hence the addition of
surfactant proteins is of importance. Both SP-B and SP-C
greatly enhance the adsorption of pulmonary surfactant
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lamellar bodies [31]. These increase the surfactant
production as well as recycling by re-spreading the
compressed surfactant film [32]. SP-A is closely involved
in film formation of phospholipid mixtures containing
SP-B [33]. SP-C and SP-B are involved in biophysical
aspects of the maintenance of the surfactant layer in the
lungs. SP-B seems to be the most active protein in terms
of interfacial behavior; most of the synthetic surfactants
have been designed to contain a peptide resembling it.
Early in the '90s, a synthetic peptide named as KL4 was
developed as a very simple surrogate able to mimic SP-B
behavior [34].
Biophysical use of surfactant in COVID ARDS – The
relationship
The Gas exchange happens in alveoli which are
made of Type II pneumocytes and alveolar macrophages.
Type II cells are involved in the production of pulmonary
surfactants [34]. COVID-19 causes desquamation of these
Type II cells which leads to alveolar dysfunction, edema,
and hemorrhage. ARDS patients infected with COVID-19
frequently exhibited reduced surfactant levels [12,35-36].
The decrease of surfactant in the lungs, precisely in
alveoli with the increase of the surface tension, the alveoli
will tend to collapse. As a result, the whole lung collapses
and there is a decrease in its volume as shown in Figure 1.
Continuous decreasing lung volume and expanding
inward air volume of inspiration will create a decrease in
pressure in interstitial space. This decrease in pressure
tends to attract, in the interstitial space, liquids, and antiinflammatory substances, giving rise to interstitial
pneumonia. Severe interstitial pneumonia is a late
symptom of COVID-19 and the patient is usually
intubated. This pressure, exerted in the lung by the air
pushed by the pulmonary ventilator during the inspiratory
act, prevents small alveoli from collapsing and at best
also tends to restretch them. Patients subjected to assisted
ventilation might not entirely benefit, since again lack of
surfactant will cause a relatively low-pressure area, this
continues to draw the interstice liquids and substances
that have mostly inflammatory characteristics [37].
Another detailed explanation can be provided by
leakage of fibrinogen into alveolus in inflammatory
diseases as ARDS, severe pneumonia. Interestingly,
leakage of fibrinogen and preceding formation of blood
clots in the lungs as well as in the systemic circulation
was also seen in COVID-19 (figure 1) [38-39]. This is
converted into fibrin due to a pronounced pro-coagulatory
activity in the alveolar compartment. Surfactant function
is greatly inhibited due to its exhaustion into
polymerizing fibrin. The persistence of this ‘specialized’
fibrin matrix promotes fibro-proliferative processes
‘collapse induration’, whereas complete lysis results in
the liberation of intact surfactant material with re-opening
Volume 3 | Issue 2 | e1000029

of formerly collapsed alveoli [38]. Hence a SRT might
benefit in COVID ARDS patients.
Neonatal ARDS has been and still is extremely
common in clinical settings. The increased survival of
neonates, even premature ones, can be attributed to
efficient SRT. Initially, Natural porcine or calf lung
lavage was being used but advances in technology gave
rise to improved artificial surfactant compositions.
Extensive reviews on compositions of SRT have been
discussed [40]. Notably, these exogenous SRT
compositions have been using more of SP-B and SP-C
but not SF-A and SF-D. The role of SF-A and SF-D has
been associated with immunomodulation [41]. Although
SP-A and SP-D do not have a direct function in the
surface tension activity of surfactant, these hydrophilic
surfactant components play an essential role in innate
lung host defense [42] and modify immune responses.
However, the exact mechanism by which each of these
molecules exert their action is still not known [36].
What is the role of SP-D?
Pulmonary SP-D is a defense lectin promoting
clearance of viral infections [35]. SP-D is recognized to
bind the S protein of SARS-CoV and enhance
phagocytosis [43-44]. Non-controlled case studies
suggest that virus-induced pneumonia indeed can be
efficiently treated with instillation of surfactant
preparations that contain SP-D [43-44]. SP-D binds to
viral bodies and triggers immune responses. Another role
of SP-D is the stabilization of pathogen and removal of
inflammatory molecules inhaled into airway secretion.
SP-D also contributes to the local differentiation of
freshly recruited monocytes in alveolar cells. It inhibits
bacterial clearance via enhancing phagocytosis and direct
bactericidal effect. Numerous studies have shown that,
under pathological conditions, SP-A and SP-D can each
undergo a variety of post-translational modifications
(such as oxidation, nitration, S-nitrosylation) that can lead
to loss of function [45-46].
Role of SP-D in usual ARDS and COVID-19 ARDS:
Should be or should not be?
It is still unclear as to whether there is complete
depletion of SP-D or loss of function of SP-D in COVID19. The latter is more probable as per a recent study [4445] which reveals elevated SP-D levels in the patients
suffering from critical ARDS. Notable is the fact that
COVID-19 ARDS differs from normal or idiopathic
ARDS which showed reduced SP-D levels. Contrary to
this recent studies for neonatal ARDS reported an
increase in SP-D level. In preclinical models, SP-D
deficient mice were found with significantly increased
surfactant lipid molecules in their Bronchoalveolar
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Figure 1: 1-5-Under normal physiological conditions the phospholipid layer at the air–water interface reduces the surface tension
and even after inflammatory insult by normal inspired foreign particles, manages to dissociate the fibrotic clots if any. 5Surfactant then dissociates, and fibrin split products undergo degradation. COVID viral particles attach to ACE receptors on Type
2 cells which are the surfactant producing cells also (6-10). These surfactant and surfactant proteins are involved in biophysical
film formation as well as Host defenses. (2) These reduce inflammation but to an extent, yet the role of SF-D and SF-A still is
controversial. These hydrophobic Surfactant proteins are also said to be pro-inflammatory in their role and this might be attributed
to its polymorphic behavior or difference in the binding sites with different agents. 12-Nonetheless pronounced Inflammation and
added abnormal surfactant behavior will lead to alveolar collapse (3) and fibrosis this is due to a pronounced procoagulatory
activity in the alveolar compartment (1). The surfactant function is greatly inhibited by the incorporation of hydrophobic
surfactant components (PL, SP-B/C) into polymerizing fibrin.

Lavage (BAL) [47] and that might conversely; reiterate to
some extent that increased SP-D predicts surfactant
depletion should not be ignored in COVID-19. In ARDS
patients, surfactant therapy might be of some benefit if
not a complete cure.
Discussion
The lung collectins have capacity to recognize
carbohydrates, lipids, and proteins found in the surface of
pathogens [35-36] and on the other hand, it binds and
modulates the activity of receptors on immune cells, this
might explain their role in modulating lung immunity
[48]. It is said that lipid components of surfactant appear
to have a predominantly immunosuppressive effect, and
this has been seen in the synthetic surfactant, Adsurf and
Exosurf. In contrast, the surfactant-associated proteins
have been reported to exhibit both pro-inflammatory and
anti-inflammatory activity as seen with Curosurf, Bovine
Lipid Extract Surfactant (BLES) and alveofact [49-50].
Volume 3 | Issue 2 | e1000029

A good number of clinical trials of exogenous surfactant
as a potential therapy to treat ARDS patients had failed.
This failure can be attributed to surfactants inactivation.
Therefore, it was assumed that treating ARDS patients via
surfactant replacement therapy cannot be considered
because of the lack of benefits. Surfactant preparations
derived from animals are considered to be the most
effective for improving respiratory function. However,
these therapeutic materials have important limitations:
i)

A risk of pathogen transmission with substantial
compositional variability between batches,

ii) They lack collectin surfactant proteins (SP-A and
SP-D) and in most cases contain a reduced amount
of hydrophobic proteins (SP-B and SP-C)
compared with the endogenous surfactant,
iii) Important properties like the viscosity of surfactant
suspension, or the fluidity of the surface film can be
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affected by the lipid composition as it is modified
compared with that of endogenous surfactant and,
iv) The expensiveness of animal-derived surfactants,
particularly considering the large dosage required
to treat adult ARDS patients. Many groups of
scientists are trying to understand the underlying
molecular mechanism of surfactant inhibition
caused by agents reaching the airways as a
consequence of ARDS, as a basis for the
development of new synthetic exogenous
surfactants with enhanced resistance to inhibition
and producible in sufficient amounts to treat adult
patients [28,40].
A study has already highlighted the different
surfactant characteristics and their clinical evidence
outcomes [51]. The medical fraternity has slowly started
pondering whether this kind of therapy will be useful in
treating ARDS COVID 19 patients. Many clinical trials
are on-going for use of surfactants in COVID-19 patients
as enlisted in Table 1. The first study [52] was a
Retrospective analysis of patients who received off-label
use of natural surfactant during the COVID-19 pandemic.
Seven COVID-19 PCR positive ARDS patients received
liquid Curosurf (720 mg) in 150 ml normal saline,
divided into five 30 ml aliquots) and delivered via a
bronchoscope into second-generation bronchi. Patients
were matched with 14 comparable subjects receiving
supportive care for ARDS during the same time
period. A 28-days mortality reduction was achieved in the
surfactant group, results were not significant. Another
Study from Italy [53] involved Surfactant administration
in five critically ill patients. Surfactant (Curosurf) was
instilled at the dosage of approximately 30 mg/kg of lean
body weight (LBW) 7 diluted with normal saline (2 ml/kg
LBW). Respiratory parameters were recorded before
administration (T0) and 6 (T1), 12 (T2), 18 (T3), 24 (T4),
36 (T5) and 48 (T6) h apart. Physiological outcomes
(change in PaO2/FiO2 and COVID-19 patients with very
severe hypoxia and low pulmonary compliance were
treated with intra-tracheal natural surfactant. All
patients were found to have a physiological improvement
and there was a positive outcome in four. One patient
died but the reason of death was not SRT. Although this
is a small cohort, Clinicians reported 80% of 30-day
survival rate despite the severity of the patients. Many
clinical trials are on-going for use of surfactants in
COVID-19 patients. The same has been enlisted in table 1
and we hope there’s a light at the end of the tunnel. As far
as existing clinical trials are concerned on the role of
Surfactant in Adult ARDS, controversy still exists.
A meta-analysis published by Meng et. Al. (2018)
stated that SRT has no evidence in preventing mortality.
Statistically insignificant but nonetheless positive
Volume 3 | Issue 2 | e1000029

outcome was achieved in the oxygenation status of
treated patients [54]. Notably, this meta-analysis also
highlights several limitations, which include small sample
size, the unequivocal blinding method, the inclusion of
severely ill patients, etc. Individual trial failure might also
be because of an insufficient dosage of surfactant and
faulty route of delivery [31]. Surfactant inhibition
occurring due to accumulated edema proteins was
published in a report by Gewolb et. al. (2020). This has
not been considered in many clinical trials [45].
Surfactant, SP-D, Gender and Co-morbidities – Is there
a link?
The role of surfactant and surfactant proteins is
thoroughly being researched and its role in co-morbid
condition patients of COVID-19 namely obesity, Type 2
Diabetes Mellitus (T2DM), and Cardiovascular Disease
(CVD) cannot be ignored. Patients who are men,
smokers, or suffering from T2DM/Obesity and CVD are
highly susceptible to have the worst prognosis when
affected with COVID-19 [56-57]. Interestingly these
conditions also affect the worst outcomes in ARDS
irrespective of the cause of ARDS. This makes above
susceptible population the main target if SRT is to be
initiated and we believe existing knowledge about the
role of surfactant and surfactant proteins in these
associated conditions will help tackle the problem.
Changes in SP-D and Lung surfactant production in
various Co-morbid conditions have been summarized in
Table 2.
On the contrary, both, presence of obesity and T2DM
revealed increased SP-D circulation in group of patients
subject to endurance exercise training decreased serum
levels of surfactant protein D and improved aerobic
fitness [61].
SP-D should be really included?
A group of researchers is developing recombinant
SP-D protein for its use in surfactant therapy in COVID19 patients. The role of surfactant proteins especially SPD is interesting because of the dual role that SP-D plays
during lung diseases. Recent trials suggest mixed results
in quantities of circulating SP-D seen in conditions like
viral pneumonia [62]. A recent study also suggests that
level of SP-D in COVID-19 patients were elevated,
prolonged elevation was particularly noted in the patients
of worse prognosis [42,63]. This might lead to the
conclusion that SP-D might be a biomarker and help
detect the worst outcome patients.
Researchers should be aware that SP-D
polymorphisms tend to misbalance the pro-inflammatory
/anti-inflammatory
ratio and
supposedly antiinflammatory SP-D might be more risky than beneficial
[64-65].
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Table 1: Brief details of current ongoing trials using Surfactant Therapy:
Study

London’s
Exogenous
Surfactant
Study for
COVID 19
(LESSCOVID)

The Safety and
Preliminary
Efficacy of
Lucinactant in
Adults with
COVID-19

Curosurf® in
Adult Acute
Respiratory
Distress
Syndrome due
to COVID-19
(Caards-1)
A Clinical
Trial of
Nebulized
Surfactant for
the treatment
of Moderate to
Severe
COVID-19
(COVSurf)
Surfactant BL
in Adult Acute
Respiratory
Distress
Syndrome Due
to COVID-19

Condition

ARDS,
COVID-19

ARDS,
COVID-19

ARDS,
COVID-19

Respiratory
Infections

ARDS due
to
COVID-19

Intervention
Bovine Lipid Extract
Surfactant
(BLES will be
administered in doses
of 50mg/kg ideal
bodyweight, at a
concentration of
27mg/ml so a total
volume of
approximately 2ml/kg
will be administered)
Lucinactant (KL4
Surfactant)
(Lucinactant
administered as a
liquid at a dose of 80
mg total phospholipids
(TPL)/kg lean body
weight delivered)
Poractant alfa
(Patient receiving
Surfactant (3 mL/kg of
a poractant alpha
solution diluted to 16
mg/mL, resulting in a
total dose of 48mg/kg)
administered by
bronchial fibroscopy.

Study type

Phase

Interventional,
Randomized,
Parallel
assignment

Interventional,
Single Group,
Open Label

Interventional,
Randomized,
Parallel
assignment

COVSurf Drug
Delivery System
(Device introduces
surfactant to the
patient lungs)

Interventional,
Randomized,
Parallel
assignment

Inhalation of surfactant
emulsion at 150 mg
Other Name:
Surfactant-BL

Observational,
Prospective,
Open Label

Estimated
Enrollment

Clinical Trial
(NCT number)

Phase 1
Phase 2

20

NCT04375735

Phase 1
Phase 2

30

NCT04389671

Phase 2

20

NCT04384731

-

24

NCT04362059

-

120

NCT04568018

Data accessed from clinicaltrials.gov on 21st October 2020
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Table 2: Changes in SP-D and Lung surfactant
production in various Co-morbid conditions:
SP-D

Progesterone

↓
[58]

Obesity

T2DM

↑ Smokers
↓ normal
T2DM
[59]
↑
[60]

CVD

COVID-ARDS
P-ARDS
Adult ARDS

If ↑, more
severity
If ↑, more
severity
↑more severity
[56]

Lung surfactant
deterioration
(DPPC)
Progesterone (PRG)
is Involved in lung
surfactant
production, presence
of PRG ensures
proper maintenance
of Lung surfactant
system
Affects alveolar
lining due to
atelectasis and
expediates lung
injury
Surfactant Secretion
by Type II
Pneumocytes is
Inhibited by High
Glucose
Concentrations [62]
↑ by accumulation
of excess surfactant
in animal models but
no such changes are
seen in Human trials
↑ Estimated reduced
Decreases

Authors’ contribution: All the authors mentioned have equal
contribution in designing, data collection, data analysis,
drafting, finalizing and approving the manuscript.
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