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Decision Letter, initial version: 
Subject: Decision on Nature Immunology submission NI-A32363 

Message: 29th Jul 2021 
 
Dear Cecilia & Alberto, 
 
Many thanks for providing your point-by-point response to the referees' comments on 
your manuscript entitled "Recognition and inhibition of SARS-CoV-2 by humoral innate 
immunity pattern recognition molecules". As noted previousely, while they find your work 
of considerable potential interest, they have raised quite substantial concerns that must 
be addressed. In light of these comments, we cannot accept the current manuscript for 
publication, but would be very interested in considering a revised version that addresses 
these concerns along the lines proposed in your response. 
 
We invite you to submit a substantially revised manuscript, however please bear in mind 
that we will be reluctant to approach the referees again in the absence of major revisions. 
 
Specifically, the revision should include new experiments to address: 
 
(1) Provide additional genetic analysis on the effects of MBL2 variants among severe 
COVID-19 patient cases and controls 
(2) Repeat binding experiments using Ficolin-2, SP-D and collectin-10 and -11. 
(3) Discuss your findings in the context of the recently published work by Ali et al (Front. 
Immunol., 2021, 12, 714511) and Hsieh et al. (Front. Immunol., 2021, 12, 641360) 
(4) Perform binding experiments using recombinant S-protein from the the B.1.617.2 
variant. 
 
Please include the additional textual clarifications as indicated in your response letter. 
 
When you revise your manuscript, please take into account all reviewer and editor 
comments, please highlight all changes in the manuscript text file in Microsoft Word 
format. 
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We are committed to providing a fair and constructive peer-review process. Do not 
hesitate to contact us if there are specific requests from the reviewers that you believe are 
technically impossible or unlikely to yield a meaningful outcome. 
 
When revising your manuscript: 
 
* Include a “Response to referees” document detailing, point-by-point, how you addressed 
each referee comment. If no action was taken to address a point, you must provide a 
compelling argument. This response will be sent back to the referees along with the 
revised manuscript. 
 
* If you have not done so already please begin to revise your manuscript so that it 
conforms to our Article format instructions at 
http://www.nature.com/ni/authors/index.html. Refer also to any guidelines provided in 
this letter. 
 
* Include a revised version of any required reporting checklist. It will be available to 
referees (and, potentially, statisticians) to aid in their evaluation if the manuscript goes 
back for peer review. A revised checklist is essential for re-review of the paper. 
 
The Reporting Summary can be found here: 
https://www.nature.com/documents/nr-reporting-summary.pdf 
 
When submitting the revised version of your manuscript, please pay close attention to our 
href="https://www.nature.com/nature-research/editorial-policies/image-integrity">Digital 
Image Integrity Guidelines.</a> and to the following points below: 
 
-- that unprocessed scans are clearly labelled and match the gels and western blots 
presented in figures. 
-- that control panels for gels and western blots are appropriately described as loading on 
sample processing controls 
-- all images in the paper are checked for duplication of panels and for splicing of gel 
lanes. 
 
Finally, please ensure that you retain unprocessed data and metadata files after 
publication, ideally archiving data in perpetuity, as these may be requested during the 
peer review and production process or after publication if any issues arise. 
 
 
You may use the link below to submit your revised manuscript and related files: 
 
[REDACTED] 
 
<strong>Note:</strong> This URL links to your confidential home page and associated 
information about manuscripts you may have submitted, or that you are reviewing for us. 
If you wish to forward this email to co-authors, please delete the link to your homepage. 
 
If you wish to submit a suitably revised manuscript we would hope to receive it within 6 
months. If you cannot send it within this time, please let us know. We will be happy to 
consider your revision so long as nothing similar has been accepted for publication at 
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Nature Immunology or published elsewhere. 
 
Nature Immunology is committed to improving transparency in authorship. As part of our 
efforts in this direction, we are now requesting that all authors identified as ‘corresponding 
author’ on published papers create and link their Open Researcher and Contributor 
Identifier (ORCID) with their account on the Manuscript Tracking System (MTS), prior to 
acceptance. ORCID helps the scientific community achieve unambiguous attribution of all 
scholarly contributions. You can create and link your ORCID from the home page of the 
MTS by clicking on ‘Modify my Springer Nature account’. For more information please visit 
please visit <a 
href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>. 
 
Please do not hesitate to contact me if you have any questions or would like to discuss the 
required revisions further. 
 
Thank you for the opportunity to review your work. 
 
Kind regards, 
 
Laurie 
 
Laurie A. Dempsey, Ph.D. 
Senior Editor 
Nature Immunology 
l.dempsey@us.nature.com 
ORCID: 0000-0002-3304-796X 
 
 
Referee expertise: 
 
Referee #1: Immunogenetics 
 
Referee #2: Lectin and alternative complement pathways 
 
Referee #3: Lectin and alternative complement pathways 
 
 
Reviewers' Comments: 
 
Reviewer #1: 
Remarks to the Author: 
In this manuscript, the authors have investigated the possible role of humoral pattern 
recognition molecules (PRM) in recognizing SARS-CoV-2 structural proteins and affecting 
virus infectivity and replication. Using a series of assays, they demonstrate that out of 10 
PRM tested, only PTX3 and MBL were capable of binding to the nucleocapsid (N) and Spike 
(S) proteins of SARS-CoV-2, respectively. They further demonstrated that MBL binds to 
the S protein in a glycan-dependent manner. Two possible MBL-binding sites were 
identified on the S trimer, which in either case span across the S1 and S2 regions, 
suggesting that MBL might participate in inhibition of viral infectivity. Indeed, using 
appropriate cellular models, the authors demonstrated that MBL inhibits SARS-CoV-2 
entry in susceptible cells in a concentration-dependent manner, and that inhibits viral 
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replication. The authors also demonstrated that interaction between MBL and the S 
proteins leads to complement activation, with deposition of terminal C5b-C9 components. 
Finally, they interrogated existing genomic databases from patients with COVID-19 and 
investigated the possible association between MBL2 polymorphisms and COVID-19 
severity. While no significant association was identified for six MBL2 polymorphisms known 
to affect MBL levels and COVID-19 severity, a haplotype-based analysis revealed 7 
different haplotypes associated with severe COVID-19, including one in a regulatory region 
containing an enhancer active in hepatocytes and macrophages. 
Overall, this is a well-conducted study that provides novel information on the role of 
humoral innate immunity in SARS-CoV-2 infection. An array of different techniques have 
been used to corroborate the authors' findings. The study has important potential 
implications, with activation of the MBL-dependent activation. of the lectin pathway of 
complement activation playing a protective role early in the course of infection, and a 
possible detrimental role later in the course of the disease. 
Nonetheless, some points need to be addressed: 
 
1) Statistical analysis of the results needs to be improved. In particular, too many 
experiments were performed only twice with only duplicate technical replicates. 
 
2) Investigation of the genetic association between MBL2 variants and COVID-19 severity 
remains the least convincing aspect of the paper. Additional studies ought to be 
performed, including. burden analysis based on the assumption of autosomal recessive 
inheritance of MBL deficiency. Previous experience from the literature clearly shows that 
only bi-allelic MBL2 variants (either in coding, or in coding plus regulatory regions) are 
associated with low levels of MBL protein and increased risk of infection. Several whole 
exam and whole genome sequencing studies have been conducted in COVID-19, and the 
relevant genomic data have been deposited and are publicly accessible. The authors 
should interrogate those datasets and assess whether there is an increased burden of bi-
allelic MBL2 variants among patients with life-threatening COVID-19 compared to patients 
with mild disease and asymptomatic individuals. Such studies must be conducted by 
normalizing for ethnicity, as MBL deficiency has been reported with different incidence in 
different ethnic groups. Ideally, one would like to see that those bi-allelic variants (if found 
at higher frequency among patients with life-threatening COVID-19) do result in low MBL 
protein levels. 
 
3) Similarly, efforts should be made to determine whether the rs10824845 polymorphism 
is associated with lower MBL transcript and protein levels 
 
4) The quality of the Figures should be improved. It is often difficult to distinguish among 
different symbols in the same Figure. Use of color could help. Also, both in Fig. 1 and in 
Fig. 2, the legend of the various symbols included within panel A refers in fact to multiple 
panels (A to C in Fig, 1; A and B in Figure 2). This is not immediately obvious. The Figures 
should be modified to make this more intelligible. Also, the dotted line in Fig, 3A is barely 
visible. 
 
 
 
Reviewer #2: 
Remarks to the Author: 
A. Summary of the key results 
Authors demonstrated that SARS-CoV-2 nucleoprotein is recognized by long pentraxin 
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PTX3 while Spike glycoprotein (trimeric form, what important, from several mutant 
variants) by mannose-binding lectin (MBL). The latter leads to the activation of 
complement system via the lectin pathway. S-gp recognition depends on interaction of 
MBL lectin domain with glycans decorating viral antigen. These glycans were identified 
with the use of molecular modelling. Moreover, it was shown that MBL inhibits SARS-CoV-
2. Certain polymorphisms of the MBL2 gene were found to be associated with disease 
seeverity. 
B. Originality and significance 
This is an original research, with high potential for application. 
C. Data & methodology 
Wide range of well-chosen methods was employed; data are interesting and well 
documented. However the size of some figures seems too small (like Fig. 3G, 5B-E or 6). 
Furthermore, Fig. 2B lacks legend. Some results are contradictory to those recently 
published by Dr Ali et al. (Front. Immunol., 2021, 12, 714511) who reported that ficolin-2 
(similarly to MBL) recognizes both S-gp and N proteins and activates complement system. 
Furthermore, Dr Hsieh et al. (Front. Immunol., 2021, 12, 641360) found SP-D to interact 
with Spike protein. That discrepancies should be discussed. 
D. Statistics 
Statistical analysis is appropriate; the sample size (patients/controls) is sufficient. 
E. Conclusions: robustness, validity, reliability 
Conclusion is well documented and reliable 
F. Suggested improvements 
As mentioned, discussion of the own data on the background of reports by Dr Ali et al. and 
Dr Hsieh et al. will be interesting and important; additional experiments with the use of 
another ficolin-2 preparation (and possibly other preparations of ficolin-1 and -3) as well 
as SP-D are worth performing. It seems especially interesting due to known interaction 
between ficolin-2 and PTX-3. Afore-mentioned figures in a greater size could be much 
easier to follow. 
G. References 
Cited references are appropriate. An exception is lack of discussion of the mentioned 
papers although I realise that at least that by Dr Ali et al. was released very recently, 
probably when this manuscript was already completed. Anyway, it is important in regard 
to data presented here. 
H. Clarity and context 
It is a well-written report; data are clearly demonstrated; abstract, intoduction, discussion 
and description of methods/materials are appropriate. 
 
 
 
Reviewer #3: 
Remarks to the Author: 
This paper shows that PTX3 and MBL bind to SARS-CoV-2 nucleoprotein and Spike among 
10 pattern recognition molecules (PRMs) tested by the authors. In this paper, the binding 
properties of MBL to recombinant SARS-CoV-2 Spike proteins prepared in various cultured 
cells were investigated, suggesting that the trimeric peplomer structure was recognized by 
MBL in the presence of calcium. It is interesting that the authors showed two possible MBL 
binding sites on the SARS-CoV-2 Spike protein. One of them spans across the S1 and S2 
of the Spike protein, this may result in MBL binding specificity for the trimeric structure of 
the Spike protein. The authors showed that MBL also binds to variants of concern (VoCs) 
and activates the complement system through the lectin pathway. The authors also 
showed that MBL inhibits SARS-CoV-2 infection in cell lines and primary cells in a dose-
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dependent manner. I think this is an important finding that suggests that MBL plays a 
protective role against SARS-CoV-2 infection. Finally, the authors examined the allele 
frequencies of the six SNPs that have been shown to be associated with serum MBL2 
levels and found that there was a significant difference in allele frequency of rs5030737 
between patients and controls (OR=1.43, P=0.049), which however did not survive the 
correction for multiple testing. 
In summary, this paper has excellent novelty in that it investigated in detail the 
mechanism by which MBL binds to SARS-CoV-2, and that MBL inhibits SARS-CoV-2 
infection in cell lines and primary cells. However, the author should consider the points 
described below. 
 
1) There are two more PRMs involved in the activation of the lectin complement pathway, 
Collectin-10 (CL-10 or CL-L1) and Collectin-11 (CL-11 or CL-K1), in addition to MBL and 
ficolins. Similar to MBL, CL-10 and CL-11 have been shown to form complexes with MASPs 
and can activate the lectin complement pathway upon binding to carbohydrates. The 
authors tested interaction of Collectin-12 (CL-12 or CL-P1) with SARS-CoV-2 proteins. 
Similarly, CL-10 and CL-11 should be tested. There is a typo that the abbreviation for 
Collectin-12 is CL-P1 instead of CLP-1. 
 
2) Ali et al. have recently reported that MBL, Ficolin-2 (FCN-2), and CL-11, which are 
PRMs of the lectin pathway, bind to SARS-CoV-2 Nucleoprotein and Spike, with 
subsequent activation of the lectin pathway (Ali YM, Ferrari M, Lynch NJ, Yaseen S, Dudler 
T, Gragerov S, Demopulos G, Heeney JL, Schwaeble WJ. Lectin Pathway Mediates 
Complement Activation by SARS-CoV-2 Proteins. Front Immunol. 2021 Jul 5;12:714511. 
doi: 10.3389/fimmu.2021.714511. eCollection 2021.) In contrast, the authors have shown 
that Ficolin-2 did not bind to Nucleoprotein and Spike. It is necessary to discuss the 
discrepancy with the results of Ali et al. 
 
3) The authors tested interaction of MBL with Spike proteins from VoC including B.1.1.7 
(α), B.1.351 (β), and P.1 (γ) variants. The authors, however, did not tested interaction of 
MBL with protein from B.1.617.2 (δ) which is currently a major concern worldwide. This 
experiment is not mandatory, but the author should discuss whether MBL can also interact 
with B.1.617.2 (δ). 

 
 

Author Rebuttal to Initial comments   
Re.  Ms #NI-A32363 entitled “Recognition and inhibition of SARS-CoV-2 by humoral innate immunity 
pattern recognition molecules” 

Point-by-point response to Reviewers’ comments 

Referee 1 

Remarks to the Author: 
In this manuscript, the authors have investigated the possible role of humoral pattern recognition 
molecules (PRM) in recognizing SARS-CoV-2 structural proteins and affecting virus infectivity and 
replication. Using a series of assays, they demonstrate that out of 10 PRM tested, only PTX3 and MBL 
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were capable of binding to the nucleocapsid (N) and Spike (S) proteins of SARS-CoV-2, respectively. They 
further demonstrated that MBL binds to the S protein in a glycan-dependent manner. Two possible 
MBL-binding sites were identified on the S trimer, which in either case span across the S1 and S2 
regions, suggesting that MBL might participate in inhibition of viral infectivity. Indeed, using appropriate 
cellular models, the authors demonstrated that MBL inhibits SARS-CoV-2 entry in susceptible cells in a 
concentration-dependent manner, and that inhibits viral replication. The authors also demonstrated 
that interaction between MBL and the S proteins leads to complement activation, with deposition of 
terminal C5b-C9 components. Finally, they interrogated existing genomic databases from patients with 
COVID-19 and investigated the possible association between MBL2 polymorphisms and COVID-19 
severity. While no significant association was identified for six MBL2 polymorphisms known to affect 
MBL levels and COVID-19 severity, a haplotype-based analysis revealed 7 different haplotypes 
associated with severe COVID-19, including one in a regulatory region containing an enhancer active in 
hepatocytes and macrophages. 
Overall, this is a well-conducted study that provides novel information on the role of humoral innate 
immunity in SARS-CoV-2 infection. An array of different techniques have been used to corroborate the 
authors' findings. The study has important potential implications, with activation of the MBL-dependent 
activation of the lectin pathway of complement activation playing a protective role early in the course of 
infection, and a possible detrimental role later in the course of the disease.  
Nonetheless, some points need to be addressed: 
 
1) Statistical analysis of the results needs to be improved. In particular, too many experiments were 
performed only twice with only duplicate technical replicates. 
 
2) Investigation of the genetic association between MBL2 variants and COVID-19 severity remains the 
least convincing aspect of the paper. Additional studies ought to be performed, including burden 
analysis based on the assumption of autosomal recessive inheritance of MBL deficiency. Previous 
experience from the literature clearly shows that only bi-allelic MBL2 variants (either in coding, or in 
coding plus regulatory regions) are associated with low levels of MBL protein and increased risk of 
infection. Several whole exam and whole genome sequencing studies have been conducted in COVID-
19, and the relevant genomic data have been deposited and are publicly accessible. The authors should 
interrogate those datasets and assess whether there is an increased burden of bi-allelic MBL2 variants 
among patients with life-threatening COVID-19 compared to patients with mild disease and 
asymptomatic individuals. Such studies must be conducted by normalizing for ethnicity, as MBL 
deficiency has been reported with different incidence in different ethnic groups. Ideally, one would like 
to see that those bi-allelic variants (if found at higher frequency among patients with life-threatening 
COVID-19) do result in low MBL protein levels. 
 
3) Similarly, efforts should be made to determine whether the rs10824845 polymorphism is associated 
with lower MBL transcript and protein levels. 
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4) The quality of the Figures should be improved. It is often difficult to distinguish among different 
symbols in the same Figure. Use of color could help. Also, both in Fig. 1 and in Fig. 2, the legend of the 
various symbols included within panel A refers in fact to multiple panels (A to C in Fig, 1; A and B in 
Figure 2). This is not immediately obvious. The Figures should be modified to make this more intelligible. 
Also, the dotted line in Fig, 3A is barely visible. 
 
We thank Referee 1 for his/her appreciation of our work (“well-conducted study that provides novel 
information on the role of humoral innate immunity in SARS-CoV-2 infection. The study has important 
potential implications”). 

 

Point 1 - Statistical analysis: we repeated most experiments (both binding assays and in vitro 
infections) strengthening our results. Concerning Figure 4C and D, we noticed a mistake in the legend 
on the number of experiments performed (2 experiments in duplicate instead of one), but further 
experiments have been performed. The figure legends have been modified accordingly. 

 

Point 2, 3 - Genetic analysis 

The Reviewer raises an important point, i.e. the effect of rare variants having a major effect on MBL 
levels. This approach is generally relevant for rare diseases caused by biallelic genetic alterations, a 
somewhat different perspective from our line of work. However, as requested by Reviewer 1, we 
performed further analyses to assess the distribution of subjects carrying biallelic variants among 
cases and controls. We focused on the 3 main coding variants (rs5030737, rs1800450, and rs1800451), 
already known to cause an important functional effect on the MBL protein, and on the promoter SNP 
rs7096206 that confers the strongest effect (among the promoter variants) on MBL levels. We 
considered only these variants since they have a MAF > 1% (allowing to identify a good number of 
carriers also in our cohort), and because they have been extensively studied in the literature as main 
genetic determinants causing MBL2 low levels/deficiency.  

Moreover, we evaluated the contribution of rare variants to COVID-19 severity through a burden 
meta-analysis based on the Regeneron data. 

With these new analyses, we found a significant predisposing effect in individuals carrying MBL2 
biallelic functional variants and significant results both grouping loss-of-function variants (OR=32.05), 
and clumping loss-of-function and damaging missense variants (OR=23.6). 
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We further analyzed MBL plasma levels at hospital admission in our cohort of patients and correlated 
them to MBL variants. We first focused on the three missense variants (functional SNPs rs5030737, 
rs1800450, rs1800451) and grouped individuals carrying at least one alternative allele (allele 0) 
compared to those carrying the wild-type allele (A) and observed a significantly lower MBL plasma 
concentration in the first group (p= 6.2*10-8). Then we analyzed the impact of the rs10824845 
polymorphism, by stratifying the same patients according to their genotype. We observed a reduction 
of MBL levels in heterozygous individuals, though not significant (1.2-fold decrease in heterozygous; 
P=0.10). However, when considering the contribution of A/0 alleles, a clear genotype-dependent 
modulation of MBL levels emerged (P=1.1*10-6). These results have been included in the new Figure 6. 

We integrated the details of these analyses in Material and Methods, paragraph “Statistical analysis”, 
and in the Results section “MBL2 haplotypes are associated with severe COVID-19”. Table 1 and figure 
6 have been changed accordingly. 

 

 

Point 4 – As suggested, we improved the quality of figures, introducing colors. 

 

 

 

 
 
Reviewer #2: 
Remarks to the Author: 
A. Summary of the key results 
Authors demonstrated that SARS-CoV-2 nucleoprotein is recognized by long pentraxin PTX3 while Spike 
glycoprotein (trimeric form, what important, from several mutant variants) by mannose-binding lectin 
(MBL). The latter leads to the activation of complement system via the lectin pathway. S-gp recognition 
depends on interaction of MBL lectin domain with glycans decorating viral antigen. These glycans were 
identified with the use of molecular modelling. Moreover, it was shown that MBL inhibits SARS-CoV-2. 
Certain polymorphisms of the MBL2 gene were found to be associated with disease severity. 
B. Originality and significance 
This is an original research, with high potential for application. 
C. Data & methodology 
Wide range of well-chosen methods was employed; data are interesting and well documented. However 
the size of some figures seems too small (like Fig. 3G, 5B-E or 6). Furthermore, Fig. 2B lacks legend. 
Some results are contradictory to those recently published by Dr Ali et al. (Front. Immunol., 2021, 12, 
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714511) who reported that ficolin-2 (similarly to MBL) recognizes both S-gp and N proteins and activates 
complement system. Furthermore, Dr Hsieh et al. (Front. Immunol., 2021, 12, 641360) found SP-D to 
interact with Spike protein. That discrepancies should be discussed. 
D. Statistics 
Statistical analysis is appropriate; the sample size (patients/controls) is sufficient. 
E. Conclusions: robustness, validity, reliability 
Conclusion is well documented and reliable 
F. Suggested improvements 
As mentioned, discussion of the own data on the background of reports by Dr Ali et al. and Dr Hsieh et 
al. will be interesting and important; additional experiments with the use of another ficolin-2 
preparation (and possibly other preparations of ficolin-1 and -3) as well as SP-D are worth performing. It 
seems especially interesting due to known interaction between ficolin-2 and PTX-3. Afore-mentioned 
figures in a greater size could be much easier to follow.  
G. References 
Cited references are appropriate. An exception is lack of discussion of the mentioned papers although I 
realise that at least that by Dr Ali et al. was released very recently, probably when this manuscript was 
already completed. Anyway, it is important in regard to data presented here. 
H. Clarity and context 
It is a well-written report; data are clearly demonstrated; abstract, intoduction, discussion and 
description of methods/materials are appropriate. 
 
We thank Referee 2 for his/her appreciation of our work (“This is an original research, with high 
potential for application”. “Well-written report; data are clearly demonstrated”).  

 

Reviewer 2 raised the point about potential contradictory results with two recent publications 
showing the interaction of Ficolin-2 with S- and N-proteins activating Complement or of SP-D with S-
protein (Front. Immunol., 2021, 12, 714511 and Front. Immunol., 2021, 12, 641360, respectively). 
These papers appeared around the time of submission and for this reason they were not considered in 
our paper.  To discuss these studies, we repeated binding experiments using Ficolin-2 and SP-D from 
other sources (in total, 4 for ficolin-2 and 2 for SP-D), confirming our original results (new figure 2 and 
Extended data Figure 1). We think that the experimental approaches used may explain the 
discrepancies with the study by Ali et al. (Front. Immunol., 2021, 12, 714511). We used commercially 
available and in house produced recombinant PRMs (pentraxins, C1q, MBL, ficolins, surfactant 
proteins and collectins) in the binding experiments to investigate the interaction with viral 
recombinant proteins, whereas Ali et al. used serum at different concentration as the source of PRMs. 
The discrepancy with our results might be due to indirect interaction of MBL or ficolin-2 with viral 
proteins mediated by a serum component. For instance, in their study, Ali et al. validated the results 
by Gao et al. (medRxiv, 10.1101/2020.1103.1129.20041962 (2020)), showing a direct interaction of 
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MASP-2 with N-protein. MASPs are normally present in plasma complexed with molecules of the 
lectin pathway, including MBL, ficolins and collectins. This could explain the interactions of MBL with 
N-protein, which we did not observe. 

Concerning SP-D and the study by Hsieh et al. (Front. Immunol., 2021, 12, 641360), the authors 
observed an interaction between a home-made fragment of SP-D and S-protein, whereas with the 
recombinant full-length molecule from R&D they observed a very low affinity for S-protein. By 
conducting additional experiments with recombinant ficolin-2 and SP-D from different companies 
(new figure 2) and discussing the merit and limitations of these studies (page 15), we think we are 
providing the community with a solid, reliable picture of recognition of SARS-CoV-2 components by 
“ante-antibodies” (see also response to Reviewer 3). 

 

As suggested, we improved the quality of figures. 
 
Reviewer #3: 
Remarks to the Author: 
This paper shows that PTX3 and MBL bind to SARS-CoV-2 nucleoprotein and Spike among 10 pattern 
recognition molecules (PRMs) tested by the authors. In this paper, the binding properties of MBL to 
recombinant SARS-CoV-2 Spike proteins prepared in various cultured cells were investigated, suggesting 
that the trimeric peplomer structure was recognized by MBL in the presence of calcium. It is interesting 
that the authors showed two possible MBL binding sites on the SARS-CoV-2 Spike protein. One of them 
spans across the S1 and S2 of the Spike protein, this may result in MBL binding specificity for the trimeric 
structure of the Spike protein. The authors showed that MBL also binds to variants of concern (VoCs) 
and activates the complement system through the lectin pathway. The authors also showed that MBL 
inhibits SARS-CoV-2 infection in cell lines and primary cells in a dose-dependent manner. I think this is an 
important finding that suggests that MBL plays a protective role 
against SARS-CoV-2 infection. Finally, the authors examined the allele frequencies of the six SNPs that 
have been shown to be associated with serum MBL2 levels and found that there was a significant 
difference in allele frequency of rs5030737 between patients and controls (OR=1.43, P=0.049), which 
however did not survive the correction for multiple testing. 
In summary, this paper has excellent novelty in that it investigated in detail the mechanism by which 
MBL binds to SARS-CoV-2, and that MBL inhibits SARS-CoV-2 infection in cell lines and primary cells. 
However, the author should consider the points described below. 
 
1) There are two more PRMs involved in the activation of the lectin complement pathway, Collectin-10 
(CL-10 or CL-L1) and Collectin-11 (CL-11 or CL-K1), in addition to MBL and ficolins. Similar to MBL, CL-10 
and CL-11 have been shown to form complexes with MASPs and can activate the lectin complement 
pathway upon binding to carbohydrates. The authors tested interaction of Collectin-12 (CL-12 or CL-P1) 
with SARS-CoV-2 proteins. Similarly, CL-10 and CL-11 should be tested. There is a typo that the 
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abbreviation for Collectin-12 is CL-P1 instead of CLP-1. 
 
2) Ali et al. have recently reported that MBL, Ficolin-2 (FCN-2), and CL-11, which are PRMs of the lectin 
pathway, bind to SARS-CoV-2 Nucleoprotein and Spike, with subsequent activation of the lectin pathway 
(Ali YM, Ferrari M, Lynch NJ, Yaseen S, Dudler T, Gragerov S, Demopulos G, Heeney JL, Schwaeble WJ. 
Lectin Pathway Mediates Complement Activation by SARS-CoV-2 Proteins. Front Immunol. 2021 Jul 
5;12:714511. doi: 10.3389/fimmu.2021.714511. eCollection 2021.) In contrast, the authors have shown 
that Ficolin-2 did not bind to Nucleoprotein and Spike. It is necessary to discuss the discrepancy with the 
results of Ali et al.  
 
3) The authors tested interaction of MBL with Spike proteins from VoC including B.1.1.7 (α), B.1.351 (β), 
and P.1 (γ) variants. The authors, however, did not tested interaction of MBL with protein from 
B.1.617.2 (δ) which is currently a major concern worldwide. This experiment is not mandatory, but the 
author should discuss whether MBL can also interact with B.1.617.2 (δ). 

 

We thank Referee 3 for his/her appreciation of our work (“this paper has excellent novelty”). 

 

Point 1 - We thank the Reviewer for raising this point. As suggested, we extended the analysis to 
Collectin-10 and Collectin-11. We tested both commercially available recombinant proteins, as well as 
in house produced recombinant Collectin-10 and -11 provided by Prof. P. Garred, an expert in the 
field, now included among authors. Results are reported in the new figure 2 and Extended Data Figure 
1. 

 

Point 2 - Reviewer 3 raised the point about a discrepancy with a recent publication showing the 
interaction of Ficolin-2 with S- and N-proteins activating Complement (Front. Immunol., 2021, 12, 
714511). This paper appeared around the time of submission and for this reason it was not considered 
in our paper.  To discuss this study, we repeated binding experiments using Ficolin-2 from other 
sources, confirming our original results (new figure 2). We think that the experimental approaches 
used may explain the discrepancies with the study by Ali et al. We used commercially available and in 
house produced recombinant PRMs (pentraxins, C1q, MBL, ficolins, surfactant proteins and collectins) 
in the binding experiments to investigate the interaction with viral recombinant proteins, whereas Ali 
et al. used serum at different concentration as the source of PRMs. The discrepancy with our results 
might be due to indirect interaction of MBL or ficolin-2 with viral proteins mediated by a serum 
component. For instance, in their study, Ali et al. validated the results by Gao et al. (medRxiv, 
10.1101/2020.1103.1129.20041962 (2020)), showing a direct interaction of MASP-2 with N-protein. 
MASPs are normally present in plasma complexed with molecules of the lectin pathway, including 
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MBL, ficolins and collectins. This could explain the interactions of MBL with N-protein, which we did 
not observe. 

By conducting additional experiments with recombinant Ficolin-2 from 4 different companies (new 
figures 2) and discussing the merit and limitations of this study (page 15), we think we are providing 
the community with a solid, reliable picture of recognition of SARS-CoV-2 components by “ante-
antibodies”. 

 

Point 3 - Reviewer 3 asks to include the B.1.617.2 variant (δ) in the discussion. The mutations of this 
variant do not involve the glycosylation sites of S-protein as shown in Figure 3g, thus suggesting that 
the interaction with MBL would not be affected. As suggested by Referee 3, we performed binding 
assays and validated this hypothesis. Finally, we isolated the B.1.617.2 variant (δ) from a patient and 
included it in infection experiments, which showed that MBL retains its anti-viral potential also 
against this variant. The new experiments are shown in figures 3h and 4f, and presented and 
discussed at pages 8, 10 and 14. Given the global impact of the δ variant, we concur with the Referee 
that the formal demonstration that the spectrum of variants recognized and inhibited by MBL includes 
B.1.617.2 as well as possibly other (all?) VoI, has profound implications as to the significance of this 
report, which has the ambition to provide a rigorous, comprehensive assessment of ante-antibodies in 
COVID-19. 

For completeness, the new VoI (ε, λ) have been included in the analysis shown in new Figure 3g, 
indicating that also for these variants, the interaction with MBL would not be affected. The text has 
been modified accordingly. 

 

We thank the Editors and Reviewers for raising important and constructive points. We think that by 
addressing these issues, we ameliorated our study. 

 
Decision Letter, first revision: 
Subject: Your manuscript, NI-A32363A 

Message: Our ref: NI-A32363A 
 
22nd Nov 2021 
 
Dear Dr. Garlanda, 
 
Thank you for your patience as we’ve prepared the guidelines for final submission of your 
Nature Immunology manuscript, "Recognition and inhibition of SARS-CoV-2 by humoral 
innate immunity pattern recognition molecules" (NI-A32363A). Please carefully follow the 
step-by-step instructions provided in the attached file, and add a response in each row of 
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the table to indicate the changes that you have made. Please also check and comment on 
any additional marked-up edits we have proposed within the text. Ensuring that each 
point is addressed will help to ensure that your revised manuscript can be swiftly handed 
over to our production team. 
 
We would like to start working on your revised paper, with all of the requested files and 
forms, as soon as possible (preferably within two weeks). Please get in contact with us if 
you anticipate delays. 
 
When you upload your final materials, please include a point-by-point response to any 
remaining reviewer comments and please make sure to upload your checklist. 
 
If you have not done so already, please alert us to any related manuscripts from your 
group that are under consideration or in press at other journals, or are being written up 
for submission to other journals (see: https://www.nature.com/nature-research/editorial-
policies/plagiarism#policy-on-duplicate-publication for details). 
 
In recognition of the time and expertise our reviewers provide to Nature Immunology’s 
editorial process, we would like to formally acknowledge their contribution to the external 
peer review of your manuscript entitled "Recognition and inhibition of SARS-CoV-2 by 
humoral innate immunity pattern recognition molecules". For those reviewers who give 
their assent, we will be publishing their names alongside the published article. 
 
Nature Immunology offers a Transparent Peer Review option for new original research 
manuscripts submitted after December 1st, 2019. As part of this initiative, we encourage 
our authors to support increased transparency into the peer review process by agreeing to 
have the reviewer comments, author rebuttal letters, and editorial decision letters 
published as a Supplementary item. When you submit your final files please clearly state 
in your cover letter whether or not you would like to participate in this initiative. Please 
note that failure to state your preference will result in delays in accepting your manuscript 
for publication. 
 
<b>Cover suggestions</b> 
 
As you prepare your final files we encourage you to consider whether you have any 
images or illustrations that may be appropriate for use on the cover of Nature 
Immunology. 
 
Covers should be both aesthetically appealing and scientifically relevant, and should be 
supplied at the best quality available. Due to the prominence of these images, we do not 
generally select images featuring faces, children, text, graphs, schematic drawings, or 
collages on our covers. 
 
We accept TIFF, JPEG, PNG or PSD file formats (a layered PSD file would be ideal), and 
the image should be at least 300ppi resolution (preferably 600-1200 ppi), in CMYK colour 
mode. 
 
If your image is selected, we may also use it on the journal website as a banner image, 
and may need to make artistic alterations to fit our journal style. 
 
Please submit your suggestions, clearly labeled, along with your final files. We’ll be in 
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touch if more information is needed. 
 
 
Nature Immunology has now transitioned to a unified Rights Collection system which will 
allow our Author Services team to quickly and easily collect the rights and permissions 
required to publish your work. Approximately 10 days after your paper is formally 
accepted, you will receive an email in providing you with a link to complete the grant of 
rights. If your paper is eligible for Open Access, our Author Services team will also be in 
touch regarding any additional information that may be required to arrange payment for 
your article. 
 
You will not receive your proofs until the publishing agreement has been received through 
our system. 
 
Please note that <i>Nature Immunology</i> is a Transformative Journal (TJ). Authors 
may publish their research with us through the traditional subscription access route or 
make their paper immediately open access through payment of an article-processing 
charge (APC). Authors will not be required to make a final decision about access to their 
article until it has been accepted. <a href="https://www.springernature.com/gp/open-
research/transformative-journals">Find out more about Transformative Journals</a>. 
 
If you have any questions about costs, Open Access requirements, or our legal forms, 
please contact ASJournals@springernature.com. 
 
<B>Authors may need to take specific actions to achieve <a 
href="https://www.springernature.com/gp/open-research/funding/policy-compliance-
faqs">compliance</a> with funder and institutional open access mandates.</b> For 
submissions from January 2021, if your research is supported by a funder that requires 
immediate open access (e.g. according to <a 
href=""https://www.springernature.com/gp/open-research/plan-s-compliance"">Plan S 
principles</a>) then you should select the gold OA route, and we will direct you to the 
compliant route where possible. For authors selecting the subscription publication route 
our standard licensing terms will need to be accepted, including our <a 
href=""https://www.springernature.com/gp/open-research/policies/journal-
policies"">self-archiving policies</a>. Those standard licensing terms will supersede any 
other terms that the author or any third party may assert apply to any version of the 
manuscript. 
 
 
Please use the following link for uploading these materials: [REDACTED] 
 
 
If you have any further questions, please feel free to contact me. 
 
Best regards, 
 
Elle Morris 
Senior Editorial Assistant 
Nature Immunology 
Phone: 212 726 9207 
Fax: 212 696 9752 
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E-mail: immunology@us.nature.com 
 
 
On behalf of 
 
Laurie A. Dempsey, Ph.D. 
Senior Editor 
Nature Immunology 
l.dempsey@us.nature.com 
ORCID: 0000-0002-3304-796X 
 
 
Reviewer #2: 
Remarks to the Author: 
Authors responded all my comments and corrected the manuscript. As I provided reply to 
A-H points to my previous review, there is no need to repeat it, as this work was generally 
highly scored. However, regarding "F" I would like to suggest one minor correction: 
- Regarding MBL plasma concentrations - as relatively low number of patients (n=40) was 
tested and MBL levels are usually not normally distributed, the non-parametric (Mann-
Whitney) test seems better choice than t test. 
 
 
 
Reviewer #3: 
Remarks to the Author: 
As Reviewer #3 stated in the first review, this paper has excellent novelty in that it 
investigated in detail the mechanism by which MBL binds to SARS-CoV-2, and that MBL 
inhibits SARS-CoV-2 infection in cell lines and primary cells. However, reviewer #3 raised 
three points that the author should consider, and the authors made the following 
revisions. 
 
1) In addition to MBL and ficolins, there are two more PRMs involved in the activation of 
the lectin complement pathway, Collectin-10 and -11, for which binding to SARS-CoV-2 
should be tested. The authors tested both commercially available recombinant proteins, as 
well as in house produced recombinant Collectin-10 and -11 provided by Prof. P. Garred. 
They observed that in contrast with MBL, Collectin-10 and -11 did not bind to SARS-CoV-2 
Spike protein. These results are included in the revised Figure 2 and Extended Data Figure 
1. 
 
2) Ali et al. have recently reported that MBL, Ficolin-2 (FCN-2), and CL-11, which are 
PRMs of the lectin pathway, bind to SARS-CoV-2 Nucleoprotein and Spike, with 
subsequent activation of the lectin pathway. In contrast, the authors have shown that 
Ficolin-2 did not bind to Nucleoprotein and Spike. In the revised manuscripts, the authors 
stated that the experimental approaches used may explain the discrepancies with the 
study by Ali et al. The authors used commercially available and in house produced 
recombinant PRMs (pentraxins, C1q, MBL, ficolins, surfactant proteins and collectins) in 
the binding experiments to investigate the interaction with viral recombinant proteins, 
whereas Ali et al. used serum at different concentration as the source of PRMs. The 
authors concluded that the discrepancy with the authors results might be due to indirect 
interaction of MBL or Ficolin-2 with viral proteins mediated by a serum component. 
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3) The authors tested interaction of MBL with Spike proteins from VoCs including B.1.1.7 
(α), B.1.351 (β), and P.1 (γ) variants. The authors, however, did not tested interaction of 
MBL with protein from B.1.617.2 (δ) which is currently a major concern worldwide. The 
authors hypothesized that the mutations of B.1.617.2 (δ) do not involve the glycosylation 
sites of S-protein as shown in Figure 3g, thus suggesting that the interaction with MBL 
would not be affected. The authors performed binding assays and validated this 
hypothesis. The authors isolated the B.1.617.2 (δ) from a patient and included it in 
infection experiments, which showed that MBL retains its anti-viral potential also against 
this variant. The new experiments are shown in Figures 3h and 4f, and presented and 
discussed in the revised manuscript. In addition, the new VoIs (ε, λ) have been included in 
the analysis shown in revised Figure 3g, indicating that also for these variants, the 
interaction with MBL would not be affected. 
 
In conclusion, the author has answered all concerns raised by Reviewer #3. The revised 
manuscript further highlights the importance of MBL binding to SARS-CoV-2, including 
VoCs and VoIs. 

 
Author Rebuttal, first revision: 

  
Point-by-point response to reviewer comments   

  
Reviewer #2:  

Remarks to the Author:  

Authors responded all my comments and corrected the manuscript. As I provided reply to A-H points to 
my previous review, there is no need to repeat it, as this work was generally highly scored.  

However, regarding "F" I would like to suggest one minor correction:  

- Regarding MBL plasma concentrations - as relatively low number of patients (n=40) was tested and 
MBL levels are usually not normally distributed, the non-parametric (Mann-Whitney) test seems better 
choice than t test.  

  
  
As specified in the methods and figure legend, we did not use a t test, because as hypothesized by 
the Reviewer, MBL concentrations were not normally distributed. For this reason, BoxCox 
transformation was used to normalize data.  
  

  

We thank again the Editors and Reviewers for having provided a useful, critical evaluation of our work. 
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Final Decision Letter: 
Subject: Decision on Nature Immunology submission NI-A32363B 

Message: In reply please quote: NI-A32363B 
 
Dear Dr. Garlanda, 
 
I am delighted to accept your manuscript entitled "Recognition and inhibition of SARS-
CoV-2 by humoral innate immunity pattern recognition molecules" for publication in an 
upcoming issue of Nature Immunology. 
 
Over the next few weeks, your paper will be copyedited to ensure that it conforms to 
Nature Immunology style. Once your paper is typeset, you will receive an email with a link 
to choose the appropriate publishing options for your paper and our Author Services team 
will be in touch regarding any additional information that may be required. 
 
After the grant of rights is completed, you will receive a link to your electronic proof via 
email with a request to make any corrections within 48 hours. If, when you receive your 
proof, you cannot meet this deadline, please inform us at 
rjsproduction@springernature.com immediately. 
 
You will not receive your proofs until the publishing agreement has been received through 
our system. 
 
Due to the importance of these deadlines, we ask that you please let us know now 
whether you will be difficult to contact over the next month. If this is the case, we ask you 
provide us with the contact information (email, phone and fax) of someone who will be 
able to check the proofs on your behalf, and who will be available to address any last-
minute problems. 
 
Acceptance is conditional on the data in the manuscript not being published elsewhere, or 
announced in the print or electronic media, until the embargo/publication date. These 
restrictions are not intended to deter you from presenting your data at academic meetings 
and conferences, but any enquiries from the media about papers not yet scheduled for 
publication should be referred to us. 
 
Please note that <i>Nature Immunology</i> is a Transformative Journal (TJ). Authors 
may publish their research with us through the traditional subscription access route or 
make their paper immediately open access through payment of an article-processing 
charge (APC). Authors will not be required to make a final decision about access to their 
article until it has been accepted. <a href="https://www.springernature.com/gp/open-
research/transformative-journals">Find out more about Transformative Journals</a>. 
 
<B>Authors may need to take specific actions to achieve <a 
href="https://www.springernature.com/gp/open-research/funding/policy-compliance-
faqs">compliance</a> with funder and institutional open access mandates.</b> For 
submissions from January 2021, if your research is supported by a funder that requires 
immediate open access (e.g. according to <a 
href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S 
principles</a>) then you should select the gold OA route, and we will direct you to the 
compliant route where possible. For authors selecting the subscription publication route 
our standard licensing terms will need to be accepted, including our <a 
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href="https://www.springernature.com/gp/open-research/policies/journal-policies">self-
archiving policies</a>. Those standard licensing terms will supersede any other terms 
that the author or any third party may assert apply to any version of the manuscript. 
 
If you have any questions about our publishing options, costs, Open Access requirements, 
or our legal forms, please contact ASJournals@springernature.com 
 
Your paper will be published online soon after we receive your corrections and will appear 
in print in the next available issue. Content is published online weekly on Mondays and 
Thursdays, and the embargo is set at 16:00 London time (GMT)/11:00 am US Eastern 
time (EST) on the day of publication. Now is the time to inform your Public Relations or 
Press Office about your paper, as they might be interested in promoting its publication. 
This will allow them time to prepare an accurate and satisfactory press release. Include 
your manuscript tracking number (NI-A32363B) and the name of the journal, which they 
will need when they contact our office. 
 
About one week before your paper is published online, we shall be distributing a press 
release to news organizations worldwide, which may very well include details of your 
work. We are happy for your institution or funding agency to prepare its own press 
release, but it must mention the embargo date and Nature Immunology. Our Press Office 
will contact you closer to the time of publication, but if you or your Press Office have any 
enquiries in the meantime, please contact press@nature.com. 
 
To assist our authors in disseminating their research to the broader community, our 
SharedIt initiative provides you with a unique shareable link that will allow anyone (with 
or without a subscription) to read the published article. Recipients of the link with a 
subscription will also be able to download and print the PDF. 
 
As soon as your article is published, you will receive an automated email with your 
shareable link. 
 
You can now use a single sign-on for all your accounts, view the status of all your 
manuscript submissions and reviews, access usage statistics for your published articles 
and download a record of your refereeing activity for the Nature journals. 
 
If you have not already done so, we strongly recommend that you upload the step-by-step 
protocols used in this manuscript to the Protocol Exchange. Protocol Exchange is an open 
online resource that allows researchers to share their detailed experimental know-how. All 
uploaded protocols are made freely available, assigned DOIs for ease of citation and fully 
searchable through nature.com. Protocols can be linked to any publications in which they 
are used and will be linked to from your article. You can also establish a dedicated page to 
collect all your lab Protocols. By uploading your Protocols to Protocol Exchange, you are 
enabling researchers to more readily reproduce or adapt the methodology you use, as well 
as increasing the visibility of your protocols and papers. Upload your Protocols at 
www.nature.com/protocolexchange/. Further information can be found at 
www.nature.com/protocolexchange/about . 
 
Please note that we encourage the authors to self-archive their manuscript (the accepted 
version before copy editing) in their institutional repository, and in their funders' archives, 
six months after publication. Nature Research recognizes the efforts of funding bodies to 
increase access of the research they fund, and strongly encourages authors to participate 
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in such efforts. For information about our editorial policy, including license agreement and 
author copyright, please visit www.nature.com/ni/about/ed_policies/index.html 
 
An online order form for reprints of your paper is available at <a 
href="https://www.nature.com/reprints/author-
reprints.html">https://www.nature.com/reprints/author-reprints.html</a>. Please let 
your coauthors and your institutions' public affairs office know that they are also welcome 
to order reprints by this method. 
 
Kind regards & best wishes for the holidays! 
 
Laurie 
 
 
Laurie A. Dempsey, Ph.D. 
Senior Editor 
Nature Immunology 
l.dempsey@us.nature.com 
ORCID: 0000-0002-3304-796X 

 


