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Lung innate immunity, a non-specific first line of host defense, plays a 
key role in maintaining a healthy lung as hundreds of thousands of irritants, 
bacteria, viruses, pollen, and other insults get inhaled on a daily basis. It 
is when an imbalance in this system occurs that undesirable downstream 
consequences may happen, leading to disease with a varying degree of 
severity. In this Editorial we first provide a brief review of the literature of 
the genetics of the human innate immune molecules, SP-A1 and SP-A2, and 
their impact on the alveolar macrophage and the bronchoalveolar lavage 
at baseline and in response to ozone-induced oxidative stress, as well as on 
lung function, and survival after infection. Next, we discuss the potential 
differential role of SP-A variants on different COVID-19 patient subgroups. 

The innate host defense molecules, human pulmonary surfactant pro-
teins (SP)-A1 and SP-A2, have been identified with extensive genetic and 
epigenetic variability1-3. Preclinical studies including animal, ex vivo, and cell 
culture experiments have resulted in a considerable body of information to 
indicate that SP-A1 and SP-A2 differentially affect the function and regulation 
of the alveolar macrophage, the sentinel cell of innate immunity, as well as 
the regulation of the type II epithelial cells, either at baseline conditions or in 
response to various insults, such as infection and ozone-induced oxidative 
stress. If survival were to be taken as the ultimate readout, it has been shown 
that mice that carry and express a different SP-A1 or SP-A2 variant, exhibit 
significantly different survival rates after Klebsiella pneumoniae infection4, 
and the impact of these variants on lung mechanics also differs5. Beyond 
preclinical animal studies, in humans, one variant that resulted in better 
survival in animals, also correlated with significantly better survival in lung 
transplant patients during the first year post-transplantation, which is the 
most critical time for these patients6. Moreover, SP-A variants have been 
associated with disease susceptibility in a large number of pulmonary dis-
eases7-10, indicating their potential importance in determining lung disease 
susceptibility and/or severity. 

SP-A1 and SP-A2 variants differentially affect the bronchoalveolar lavage 
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(BAL) proteome in response to infection and/or in the 
presence or absence of ozone-induced oxidative stress 
(OxS)11, as well as they differentially affect the function 
and regulation of the alveolar macrophages under various 
conditions, in terms of inflammatory cytokine expres-
sion12,13, phagocytic index14,15, proteome16,17, miRNome18,19, 
gene expression20, toponome21, and other. Because of the 
differential SP-A1- and SP-A2-mediated impact on BAL and 
alveolar macrophages, it is reasonable to postulate that the 
microenvironment in the hypophase (i.e. the fluid lining 
the alveolus and surrounding the AM) differs, especially in 
response to infection and/or OxS. Although differences in 
the alveolar macrophage proteome and toponome have 
been observed under baseline conditions, these may 
not be critical for the health or survival of these mice, as 
health and life span of these animals is similar regardless 
as to which SP-A variant they carry. However, animals with 
these baseline or “resting” SP-A1- and SP-A2-mediated 
differences in the alveolar space and/or the alveolar cells 
in response to infection and/or OxS exhibit significantly 
different outcomes in a multitude of readouts, as noted 
above, including survival after infection4. This indicates 
that the SP-A variant-dependent baseline differences, 
in the face of an insult (i.e. bacteria, OxS, co-infecting 
pathogens in COVID-19 or SARS-CoV-2, or other), may be 
critical in determining disease susceptibility or severity as 
these baseline differences in response to a challenge may 
be magnified, synergistically or additively, or be nullified. 

COVID-19 patients exhibit a wide spectrum of dis-
ease severity from extremely mild to extremely severe 
presentation of the disease. It remains to be determined 
whether and/or how the genetic variants of innate immune 
molecules, such as SP-A1 and SP-A2, shown previously to 
differentially affect function and regulation of the alveolar 
macrophage, could play a differential role against this 
viral infection and perhaps explain, in part, the variable 
outcome in terms of disease severity. Although the role 
of genetics of innate immune molecules on COVID-19 
has not been addressed, as a prelude to future experi-
mentation we consider three scenarios. 1) Is it possible 
that individuals with no other underlying disease and a 
certain SP-A1/SP-A2 genotype experience mild (or severe) 
symptoms in response to SARS-CoV-2 infection? Based 
on the significant amount of information available from 
preclinical studies this is highly likely. SP-A variants may dif-
ferentially provide the first line of defense against the virus 
via perhaps its interaction with the alveolar macrophage 
and/or the regulation of the inflammatory response and/

or via its regulation of the type II epithelial cell, the cell 
infected by SARS-CoV-2. 2) Is it possible that the genet-
ics of innate immune molecules, SP-A1 and SP-A2, play 
a role in host defense against SARS-CoV-2 and/or in the 
host defense of co-infection with non-SARS-CoV-2 patho-
gens? About 26% of COVID-19 patients are also infected 
with other pathogens such as respiratory syncytial virus 
(RSV)22. SP-A has been shown to enhance RSV clearance 
in mice23 and recently a functional trimeric SP-A fragment 
has been shown to reduce RSV infection24. Moreover, an 
association has been observed between SP-A variants 
and RSV susceptibility25. Thus, the available data indicate 
that SP-A variants are likely to provide differential host 
defense against potential co-infecting pathogens and/
or differentially modulate the inflammatory response in 
response to virus as shown in preclinical studies for other 
insults. 3) Is it possible that individuals with additional 
major disease burden, where inflammation and the OxS 
level in the alveolar microenvironment are high, could fare 
better in response to SARS-CoV-2 infection, if they carry 
a given SP-A1/SP-A2 genotype? This remains to be deter-
mined. Preclinical studies indicate that OxS differentially 
affects the oxidation level and function of SP-A variants 
and that the higher the level of SP-A oxidation the lower its 
activity15. SP-A oxidation also impairs its ability to interact 
with the macrophage26. Preclinical studies also indicate 
that SP-A is more susceptible to oxidation in response to 
ozone-induced OxS compared to the total protein present 
in the BAL27, raising the question of whether SP-A may 
serve as a “sacrificial antioxidant” (i.e. it eliminates ROS via 
its own oxidation to protect the function of proteins with 
perhaps more critical function). However, controlling and/
or maintaining a redox balance, via antioxidant therapy 
regimens, may not only benefit/protect the functional 
activity of molecules and cells, such as SP-A and the al-
veolar macrophage, respectively, but may mitigate the 
negative effects of reactive oxidant species (ROS) and 
improve overall health. In fact, certain plant polyphenols 
considered to be strong antioxidants, protect SP-A from 
oxidation28 and antioxidant supplementation seem to 
protect from the negative effects of ozone29,30. A recent 
clinical study implicated the alveolar macrophage and 
innate immunity in COVID-19 with promising therapeutic 
results31. In this study patients were treated with a Bruton 
tyrosine kinase (BTK) inhibitor to inhibit the BTK-mediated 
signaling in the alveolar macrophage, and this treatment 
mitigated the “hyperinflammmatory response” present in 
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these patients. Based on preclinical studies it is of interest 
to speculate whether the magnitude of this “hyperinflam-
matory response” varies as a function of SP-A genotype 
in the given microenvironment. 

Children appear to be considerably less affected by 
COVID-19 than adults. SARS-CoV-2 uses the angiotensin 
converting enzyme 2 (ACE2) receptor to enter epithelial 
cells. A recent study showed that the nasal epithelial cells 
in children exhibit low, age-dependent activity of ACE2, 
the younger the children the lower of ACE2 activity32. It 
was postulated that this may be a reason that children 
are spared for the most part from COVID-19. Of interest, 
SP-A is also expressed in nasal epithelial cells33, however, 
currently nothing is known about the role of SP-A genetics 
in nasal disease. It is possible that the low ACE2 expression 
combined with a specific SP-A genotype provide a strong 
protection in most children from SARS-CoV-2 infection. 

In summary, preclinical studies have given us a wealth 
of information on the differential impact of genetic SP-A1/
SP-A2 variants on lung host defense and human studies 
have shown associations with disease susceptibility of a 
wide spectrum of pulmonary diseases. The latter Is not 
surprising since these molecules provide the first line of 
defense and also contribute to surfactant-related func-
tions34. However, there is still a lot to learn, especially in 
humans. This pandemic may provide an opportunity for 
focused research on the role of the genetics of SP-A1/
SP-A2 innate immune molecules on COVID-19 disease 
severity. For example, SP-A1 and SP-A2 animal models 
could be used to study progression and severity of disease 
in response to different SP-A variants/genotypes. SP-A 
markers (i.e. SNPs or other) associated with low and high 
risk in different groups of patients, could be identified to 
help with clinical management and/or treatment. SP-A1 
and SP-A2 variants are differentially regulated35-42, but 
virtually nothing is known how this regulation may be 
affected by infection or other insults. Such information 
is important if one were to think of therapeutic regimens 
for maintaining strong innate immunity in the face of 
infection and other underlying diseases.
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