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6th Aug 20201st Editorial Decision

Dear Yong-Zhen, 

Thank you for submit t ing your manuscript  to The EMBO Journal. I am sorry for the delay in gett ing
back to you with a decision, but I have now received the three reports on your manuscript . 

As you can see from the comments, the referees appreciate the findings reported and are overall
support ive of publicat ion here pending adequate revisions. While the referees raise many concerns,
many of them can also be addresses with text  changes, better descript ion of how some of the work
was done and more careful discussion addressing potent ial limitat ions as well. I think it  would be
helpful to discuss the raised points further and I am happy to do so. We can do so either via email or
video whatever you prefer. 

When preparing your let ter of response to the referees' comments, please bear in mind that this will
form part  of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14602075/authorguide#transparentprocess 

We generally allow three months as standard revision t ime. As a matter of policy, compet ing
manuscripts published during this period will not  negat ively impact on our assessment of the
conceptual advance presented by your study. Should you foresee a problem in meet ing this three-
month deadline, please let  me know and I can extend an extension. 

Thank you for the opportunity to consider your work for publicat ion. Looking forward to discussing
the revisions further 

with best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instruct ions for preparing your revised manuscript : 

Please make sure you upload a let ter of response to the referees' comments together with the
revised manuscript . 

Please also check that the t it le and abstract  of the manuscript  are brief, yet  explicit , even to non-
specialists. 

When assembling figures, please refer to our figure preparat ion guideline in order to ensure proper
formatt ing and readability in print  as well as on screen: 
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline 



IMPORTANT: When you send the revision we will require 
- a point-by-point  response to the referees' comments, with a detailed descript ion of the changes
made (as a word file).
- a word file of the manuscript  text .
- individual product ion quality figure files (one file per figure)
- a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14602075/authorguide).
- Expanded View files (replacing Supplementary Informat ion)
Please see out instruct ions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable pract ice, as long as it  accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulat ion, this must be noted in the figure legend or in the 'Materials and
Methods' sect ion. The editors reserve the right  to request original versions of figures and the
original images that were used to assemble the figure. 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

The revision must be submit ted online within 90 days; please click on the link below to submit  the
revision online before 4th Nov 2020. 

ht tps://emboj.msubmit .net/cgi-bin/main.plex 

------------------------------------------------ 

Referee #1: 

Review of Chen et  al. 

In the paper ent it led "COVID-19 severity is associated with immunopathology and 
mult i-organ damage", Chen and co-authors study the host response to COVID-19 pathophysiology
by a mult i-omics approach applied to samples from peripheral blood and plasma. Based on an
extensive panel of expressed genes, proteins, metabolites and extracellular RNAs in a fairly
comprehensive set of COVID-19 pat ients they characterize the immune response characterized by
act ivat ion of IFN-I signalling and neutrophils, and high levels of inflammatory cytokines, in severe
disease pat ient , which was contrasted by a robust T cell response in mild COVID-19. They use
these set of biomarkers to point  towards organ-specific damage and also to predict  clinical
outcome of disease. 

While the authors should be applauded for bringing together an extensive and heterogeneous data
set for a fairly large number of pat ients, the paper comes with significant shortcomings that must
be addressed before considering this paper for publicat ion. First , in many aspects the conclusions
drawn are not supported by data. This is part icularly t rue for their speculat ion on organ-specific
damage. While it  is interest ing to see that organ specific proteins are ident ified to be upregulated in
the severe pat ients, this reviewer considers it  highly quest ionable to derive any conclusions from
this observat ion obtained in blood w.r.t . organ-specific response in the absence of any data from



these organs. Such data could be part icularly interest ing for those six fatal pat ients by providing
post mortem data (imaging, biomarker based etc.) from autopsies. While it  may be difficult  or even
impossible to provide such data for their present pat ient  cohort , at  the very least  they should t ry to
link their findings to recent studies on COVID-19 autopsies. In any case, it  is mandatory that the
authors down tone the conclusions drawn from blood samples for damage of other organs. Second,
the authors do not cite the relevant body of literature, which is of part icular concern in this rapidly
evolving field on COVID-19 research. Third, may methodological details are missing rendering the
assessment of their results difficuklt  and impossible in some places. Unfortunately, all of this
reduces the value of their paper. For further details see major and minor points below. 

Major points: 

1) The t it le of the paper must be changed. Their data does not sufficient ly support  their claim that
COVID-19 severity is associated with mult i-organ damage. Further, the t it le should be precise in
stat ing that this study is restricted to blood samples. 
2) It  is puzzling why the authors decided to put a focus on test is and not on other organs that have
been shown in mult iple studies to be primarily effected in COVID-19 (e.g., the heart , intest ine,
pancreas etc.). Here, again the authors fail to cite the relevant literature on autopsy based COVID-
19 studies. 
3) It  is unclear how COVID-19 severity was defined here. According to WHO classificat ion many of
the pat ients (at  least  those that died) are presumably crit ical rather than severe. The descript ion of
the pat ient  cohort  is insufficient  here. This is part icularly important since others have shown that
immune host response crit ically depends on severity of disease (see e.g. Chua et  al. Nature Biotech
2020, ht tps://doi.org/10.1038/s41587-020-0602-4 ) 
4) Correlat ion of mult i-omics data with biochemical parameters is very interest ing. However, it  does
not just ify the statement "suggest ing that that  the molecular changes ident ified direct ly 
impact the pathophysiology of COVID-19". Along the same line, the statement "Combined, these
data reveal an associat ion between specific molecular variat ions and COVID-19 pathophysiology" is
by no means supported by their data. 
5) "Compared to healthy controls, intensive alterat ion of t issue-enhanced proteins were observed
in all COVID-19 pat ients, suggest ive of mult iple organ dysfunct ion including the lung, liver, brain,
test is and intest ine. " This statement is very misleading. First  of all, the term t issue enhanced
protein should be explained and linked with a proper citat ion to the HPA. Note that a third of all
genes are t issue enhanced so the conclusions drawn from their finding of an enrichment of those
genes in blood samples w.r.t  to organ damage must be interpreted with this in mind. This part  of the
manuscript  is the weakest and the most over-interpreted part , which should be ent irely reworked. 
6) Higher neutrophil counts were observed in severe pat ients but not in mild pat ients during
hospitalizat ion (Fig. S3C). Examinat ion of the neutrophil t ranscriptomic signatures revealed that
excessive neutrophil act ivat ion was associated with severe rather than mild disease. This is not all
novel and has been shown in mult iple studies before. Citat ions are missing. 
7) "Severe pat ients lost  ~59.1% of their total T cell populat ion, 62.3% of their CD4 T cells and
52.8% of their CD8 T cells. Important ly, the CD4 T cell populat ion gradually recovered in the severe-
survivors compared to the severe-fatality group". This data is impossible to interpret  properly at
presented here. Rather than showing relat ive values the authors must provide absolute
standardized values (cells per ml or equivalent other absolute measures). The deplet ion of T cells
may e.g. be a simple consequence of massive expansion of neutrophils in severe COVID-19. 
8) "Addit ionally, T cells in the survivors were primed by dendrit ic cells and expressed high levels of
IFNG and GZMB (Fig. 4C)." This finding is not new at all and the proper literature must be cited. 
9) "Although viral load declined during the period of hospitalizat ion in both survival and fatal cases,
it  remained elevated in fatal cases compared to survivors." This plot  of viral load is surprising



because sustained high viral load in nasal swabs 40 days after hospital admission even in fatal
COVID-19 has not been described in the literature. Typically, 4-6 weeks after hospitalizat ion, even
crit ical pat ients have lit t le if any sign of viral RNA in nasal swabs with few except ions. Insufficient
informat ion about viral load assessment are found in the methods sect ion ("Quant itat ive viral load
tests were performed using the BioDigital General dPCR kit  (Jiangsu Saint  Genomics..."). Given the
variat ion in viral load est imates and the difficulty of obtaining standardized, quant itat ively
comparable viral load measurements it  is essent ial to give all details on how the authors computed
viral load. Further, individual t rajectories of viral load per pat ient  should be show in addit ion in
part icular for this six fatal cases. 

Minor points: 

1) In the introduct ion, the sentence "It  is believed that SARS-COV-2 is able to use angiotensin-
convert ing enzyme 2 (ACE 2) as a receptor for cell entry (Zheng et  al., 2020; Zhou et  al., 2020b)."
should be corrected. It  has actually been shown that this is the case (Hoffmann et  al. 2020, CELL,
ht tps://doi.org/10.1016/j.cell.2020.02.052), and as such this paper should be cited first  place here. 
2) In the introduct ion the authors should properly cover the relevant literature on autopsy based
COVID-19 studies organs that show the primarily effected organs in COVID-19 (e.g., the heart ,
intest ine, pancreas etc.). 
3) The coverage of publicat ions studying expression of ACE2 and its co-factors is quite biased and
incomplete. 
4) The authors fail to cite recent papers studying the host immune response in the respiratory
system in COVID-19 pat ients. (e.g., Liao, et  al. (2020) Nature Medicine; Chua et  al., Nature Biotech
2020, ht tps://doi.org/10.1038/s41587-020-0602-4 ) 
5) "Immune responses can cause severe damage to the cells or t issues that defend hosts against
viral infect ion (Baseler et  al., 2017; Cicchese et  al., 2018; Newton et  al., 2016)." Citat ions should be
amended by those specifically studying SARS-CoV-2 infect ion. 
6) Fig. 2C: circos plots: The authors should explain how these plots were generated, e.g., by the
circlize package. In that case, they should refer to that paper. 
7) Proper legend for Fig. S5c is missing. What do different colors, and line styles (dashed/connected)
mean? 

Referee #2: 

The manuscript  " COVID-19 severity is associated with immunopathology and mult i-organ damage"
by Chen et  al invest igates how host responses contribute to COVID-19 pathophysiology using a
mult i-omics approach to ident ify molecular markers in peripheral blood and plasma samples that
dist inguish COVID-19 pat ients experiencing a range of disease severit ies. Although the data is a
monumental set  of t ranscriptomic, proteomic, and metabolomic analysis there are several
limitat ions that are not discussed or addressed by the authors that may limit  the data
interpretat ion and its applicability to COVID-19 pat ients. Of most significant concern is that  the
changes seen between mild and severe COVID-19 cases and more specifically those that survived



or died may be reflect ive of severe illness and not specific to COVID-19 itself. Said another way is
not clear if the pathways and notable findings by the authors would not be seen in sepsis or other
severe illnesses. The authors have no controls from other severe illnesses (e.g. bacterial pneumonia
and sepsis). Without these controls it  is difficult  to interpret  whether these findings are unique to
COVID-19. With this said these findings are important even if not  unique to COVID-19 and
therefore the manuscript  should be accepted pending major revision. 
Comments for the author: 
1. As stated above controls leveraging other mild to severe illnesses (another example flu and
death from flu). Without showing that these differences it  is not clear if these changes are unique
to COVID or just  to severe illness. Addit ion of these controls would great ly strengthen this
manuscript . 
2. The authors make the argument that the differences they see are characterist ics of mild versus
severe pat ients and "that dist inguish COVID-19 pat ients experiencing a range of disease
severit ies." Are these markers present early on in the disease process? Can they be used
prospect ively to part it ion pat ients who will go onto develop mild versus severe disease? 
3. The authors claim that significant changes in the proteome were seen in mild and severe COVID-
19 pat ients. For example markers at t ributed to the lung, liver, kidney, test is etc were altered and
noted to be downregulated (e.g. ALB). This is hard to at t ribute specifically to an organ or to COVID-
19 disease. In almost all disease states part icularly when people are severely ill and not eat ing you
see significant changes that are associated with illness and the fast ing state. Albumin as are
several markers are often diminished due to inflammatory or injury states and in themselves are not
unique to a specific illness. Moreover the authors make the claim Fig.3C with a figure denot ing brain
injury and neuronal death. Current data that this occurs is quite limited and if the author wants to
make claims of end-organ injury t issue sect ions etc for direct  proof is needed. 
4. Several cytokines, chemokines and interferons are altered (up/down) in their proteomic or
transcriptomic analysis. ELISAs (preferable) or Western Blots is needed to confirm these findings
and claims. 
5. Further discussion on how these changes seen with COVID-19 compare and contrast  that  with
other severe illnesses and part icularly viral illnesses such as influenza would great ly enhance the
impact of this work. 

Referee #3: 

In the manuscript  "COVID-19 severity is associated with immunopathology and mult i-organ
damage," the authors ut ilize proteomics, metabolomics, and RNAseq to perform a systems-level
analysis of physiological changes accompanying COVID-19 disease. The authors analyze samples
from severe and mild COVID-19 pat ients, and compare them to healthy control individuals. The
study is exhaust ive and informat ive regarding the patterns and correlat ions observed between and
among molecular alternat ions and clinical alterat ions accompanying COVID-19. Many interest ing
observat ions are reported, notably in the context  of metabolism, t issue-related macromolecules,
and the immune response. One crit ique of this paper is that  the figures and legends require revision
to better communicate the study design and the analysis performed. Another crit ique is that  the
authors do not sufficient ly explain their analyses to the reader in the results text  -- considering the
choice of EMBO (a general interest  journal), it  would be helpful to explain their methodology a bit
more, space permit t ing. This is an issue throughout the results sect ion, and I suggest the authors
revise the text  accordingly. 

The manuscript  is organized largely based on results paragraphs and corresponding figures, so I



have grouped suggested revisions according to this same pattern. Specific comments below. 

Line 35 - The authors may want to soften the language around prognost ic indicators, for example
one change might be "...exRNAs may be used as biomarkers to predict  the clinical outcomes of
SARS-CoV-2 infect ion.". A central quest ion I have is whether the size of the cohort  used,
part icularly considering the small number of fatal cases (n=6), is sufficient  for a high degree of
prognost ic certainty. My impression is that  more validat ion work would need to be done to validate
biomarkers, part icularly as they relate to mortality, and I suggest the authors address this where
appropriate. Please correct  me if I'm wrong. 

Page 3 - I suggest streamlining the discussion of mult iple organ infect ion by SARS-CoV-2 infect ion,
it  seems slight ly repet it ive in paragraphs 1 and 2 on this page. 

Line 85 - Pat ient  cohort  and clinical characterist ics (not "characters") 

Figure 1: 
-Please revise Figure 1A to better reflect  the study design. The main text  includes ment ion of
throat swabs, but these are not included in Fig. 1A. Please indicate these in figure along with assay
run with those samples. 
-It  is not clear what analysis is run on the sampling t imepoints from the blood based on Fig. 1A - if all
-omics analyses were run on every t imepoint , please revise to illustrate this. 
-The methods indicates that 1-5 t imepoints were collected per pat ient , suggest ing that for some
pat ients t ime-resolved data was available and for some pat ients it  was not. It  may be helpful to
ment ion for how many pat ients t ime-resolved data was available and analyzed. 
-Figure 1B: please clarify y-axis labels 
-Figure 1C: the authors may want to clarify these y-axis labels - the ment ion of both 'count ' and '%'
is somewhat confusing. 

Figure 2: 
-The labels in Figure 2B are too small to read. 
-The left  panel of Figure 2C would benefit  from more explanat ion 
-For Figure 2D, the abbreviat ion WGCNA is not defined. Also, the main text  references 14 modules
of proteins, however it  appears that 'Modules' depicts a number of colors in a row at  the bottom of
this heatmap, and 'Modules' also relates to the right  hand panel. It  would be helpful if these
designat ions were clarified. 
-Figure 2E highlights some noteworthy coagulat ion-related proteins, I found this interest ing. 
-The heatmap colors in Figure 2E does not appear to be defined. Also, it  is unclear how each of the
three columns in 'Mild' and four columns in 'Severe' are defined. 
-The heatmap colors in Figure 2F do not appear to be fully labeled. Also, it  is unclear how each of
the three columns in 'Mild' and four columns in 'Severe' are defined. 

Tissue damaged caused by SARS-CoV-2, and Figure 3: 

-The text  in Figure 3A is too small to read. Fig. 3A is also somewhat challenging to interpret  at  first ,
it  seems like the authors are t rying to depict  the abundance of the dysregulated proteins in relat ion
to the relat ive abundance of non-dysregulated proteins (please correct  me if I'm wrong). There may



be a clearer way to present or explain this data. 
-The X-axis labels in Figure 3F can be shortened. 
-Fig. 3G. The "X-Cell" acronym is "xCell" in other parts of the manuscript , please harmonize. Also,
the use of colors to depict  both the heatmap and the cellular populat ions is somewhat confusing,
the authors might consider an alternat ive way to designate cellular subtypes in this heatmap. 
-Fig 3H. It  is unclear what the four columns in 'Control' and four columns in 'Mild', and six columns in
'Severe' are comprised of. Are these referring to specific individuals in the cohort? If so, how were
they chosen? 
-Figure 3I - Please correct  me if I'm wrong, I don't  see how age or gender are depicted in this
subfigure (these are indicated in the color legend). 

Line 150: The authors may want to specify the type of -omics under analysis early in this paragraph,
e.g. exRNA. 
Line 152 refers to Figure 3F, however this may mean Figure 3G. 

The manuscript  would benefit  from a definit ion of "t issue-enhanced protein", as well as "proteins
related to organ funct ion", as these terms may not be commonly understood. 

Immunopathological changes in COVID-19 pat ients, Figure 4 and Figure S3: 

Line 185 - "The CD4 T cell populat ion gradually recovered in the severe-survivors compared to the
severe-fatality group (Fig. S3E)." The heatmap suggests that the T-cell numbers are higher in
severe survivors, but I don't  see an obvious upward trend over t ime. 

Figure S3E - heatmap colorbar requires labeling. 

Biomarkers predict ive of clinical outcomes of COVID-19 pat ients: 

It  may be helpful if the authors could ment ion the size of each category of pat ient  ut ilized to t rain
their prognost ic model, comment on the certainty of their findings in the context  of their cohort  size,
and ment ion what further work would be required to validate biomarkers for COVID-19 prognost ic
use. 

Discussion: 

Line 315 - "The data generated here revealed that the number of AT1 and AT2 cells reduced
significant ly in severe pat ients..." Regarding the molecular profiling of blood plasma to verify t issue
health, I wonder if the authors might address the shortcomings of this approach to measure the
health of specific cell types in the body. I think these observat ions are complemented very well by
cit ing autopsy studies, for example, but I wonder if alone they are sufficient  to make such claims.
Please correct  me if I'm wrong. 

Line 334 - "a role for T cells in SARS-CoV-2 infect ion not yet  has been determined, likely reflect ing
"lymphopenia". I suggest rephrasing for clarity. 
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Response to reviewers' comments: 

reviewer #1: 

In the paper entitled "COVID-19 severity is associated with immunopathology 

and multi-organ damage", Chen and co-authors study the host response to COVID-19 

pathophysiology by a multi-omics approach applied to samples from peripheral blood and 

plasma. Based on an extensive panel of expressed genes, proteins, metabolites and 

extracellular RNAs in a fairly comprehensive set of COVID-19 patients they characterize the 

immune response characterized by activation of IFN-I signalling and neutrophils, and high 

levels of inflammatory cytokines, in severe disease patient, which was contrasted by a robust 

T cell response in mild COVID-19. They use these set of biomarkers to point towards 

organ-specific damage and also to predict clinical outcome of disease. 

Response: We thank the reviewer for his/her careful review and the constructive 

comments. 

While the authors should be applauded for bringing together an extensive and heterogeneous 

data set for a fairly large number of patients, the paper comes with significant shortcomings 

that must be addressed before considering this paper for publication. First, in many aspects 

the conclusions drawn are not supported by data. This is particularly true for their speculation 

on organ-specific damage. While it is interesting to see that organ specific proteins are 

identified to be upregulated in the severe patients, this reviewer considers it highly 

questionable to derive any conclusions from this observation obtained in blood w.r.t. 

organ-specific response in the absence of any data from these organs. Such data could be 

particularly interesting for those six fatal patients by providing post mortem data (imaging, 

biomarker based etc.) from autopsies. While it may be difficult or even impossible to provide 

such data for their present patient cohort, at the very least they should try to link their findings 

to recent studies on COVID-19 autopsies. In any case, it is mandatory that the authors down 

tone the conclusions drawn from blood samples for damage of other organs. Second, the 

authors do not cite the relevant body of literature, which is of particular concern in this 

rapidly evolving field on COVID-19 research. Third, may methodological details are missing 

31st Aug 20201st Authors' Response to Reviewers
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rendering the assessment of their results difficult and impossible in some places. 

Unfortunately, all of this reduces the value of their paper. For further details see major and 

minor points below.  

Response: As suggested, we have added citations concerning recent autopsy and other 

relevant COVID-19 studies, toned down the descriptions of multi-organ damage, and 

provided more methodological details in the revised manuscript. 

 

Major points:  

1) The title of the paper must be changed. Their data does not sufficiently support their claim 

that COVID-19 severity is associated with multi-organ damage. Further, the title should be 

precise in stating that this study is restricted to blood samples.  

Response: As suggested, we changed the title into “Immunopathology and multi-organ 

damage in COVID-19”. 

2) It is puzzling why the authors decided to put a focus on testis and not on other organs that 

have been shown in multiple studies to be primarily effected in COVID-19 (e.g., the heart, 

intestine, pancreas etc.). Here, again the authors fail to cite the relevant literature on autopsy 

based COVID-19 studies.  

Response: As shown in Fig. 3 and Fig. EV2, we analysed all organs that were likely to be 

affected by COVID-19, including lung, liver, brain, heart, intestine, testis, pancreas etc. 

Among these, the lung, brain and liver exhibited the most marked variation in 

tissue-enhanced proteins and so were described in more detail. These organs have also 

received considerable attention in multiple studies. 

Although it has been reported that the SARS-CoV-2 receptor ACE2 can be highly 

expressed in testes (Verma et al., 2020; Wang et al., 2020; Wang and Xu, 2020), the 

effect of the virus on this organ remains unclear. Herein, we noted the significant 

variation in testis-enhanced protein expression in COVID-19 patients in our data. In 

addition, relevant citations have been added as suggested. See lines 68-71 and 315-322. 
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3) It is unclear how COVID-19 severity was defined here. According to WHO classification 

many of the patients (at least those that died) are presumably critical rather than severe. The 

description of the patient cohort is insufficient here. This is particularly important since others 

have shown that immune host response critically depends on severity of disease (see e.g. 

Chua et al. Nature Biotech 2020, https://doi.org/10.1038/s41587-020-0602-4 )  

Response: As described in the Methods section, patients in this study were divided into 

two groups based on their clinical signs and the need for oxygen: (i) mild – with clinical 

signs of pneumonia but without oxygen support, and (ii) severe – with oxygen support 

using non-invasive ventilation, tracheal tube, tracheotomy assist ventilation or 

extracorporeal membrane oxygenation (ECMO). Accordingly, the mild patient group 

included both mild (4 patients) and moderate (46 patients) patients under the WHO 

classification, while the severe group comprised severe (1 patient) and critical (15 

patients) patients. We combined patients in this matter to obtain sufficiently large and 

balanced sample sizes. Importantly, this grouping did not influence, particularly the 

importance of the host immune response in shaping COVID-19 severity. We have 

modified the text to better describe the grouping structure (lines 414-421). 

4) Correlation of multi-omics data with biochemical parameters is very interesting. However, 

it does not justify the statement "suggesting that that the molecular changes identified 

directly impact the pathophysiology of COVID-19". Along the same line, the statement 

"Combined, these data reveal an association between specific molecular variations and 

COVID-19 pathophysiology" is by no means supported by their data.  

Response: We have revised and toned down this section. Please see lines 96-127. 

5) "Compared to healthy controls, intensive alteration of tissue-enhanced proteins were 

observed in all COVID-19 patients, suggestive of multiple organ dysfunction including the 

lung, liver, brain, testis and intestine. " This statement is very misleading. First of all, the term 

tissue enhanced protein should be explained and linked with a proper citation to the HPA. 

Note that a third of all genes are tissue enhanced so the conclusions drawn from their finding 

of an enrichment of those genes in blood samples w.r.t to organ damage must be interpreted 

https://doi.org/10.1038/s41587-020-0602-4


 4 

with this in mind. This part of the manuscript is the weakest and the most over-interpreted 

part, which should be entirely reworked.  

Response: The reviewer is correct and we apologize for our misleading statements. The 

tissue-enhanced proteins were defined by HPA (Uhlén et al., 2015), identifying proteins 

encoded by genes with an elevated expression (i.e. at least four-fold higher mRNA levels) 

in the specific tissue compared to the average level in all other tissues. We have added 

the definition/citation of HPA in the revised manuscript (lines 582-589). 

Plasma proteins are generally synthesized in the liver, but also originate from a 

variety of other tissues and cells as a result of secretion (Anderson and Anderson, 2002; 

Guipaud, 2013). Plasma protein levels reflect human physiological biochemical states 

and have been used for the diagnosis and prognosis of many diseases (Geyer et al., 

2017).  

To better understand the impact of COVID-19 on patients, we mapped our plasma 

proteome data with HPA database. In total, 544 tissue-enhanced proteins were detected, 

among which 335 tissue-enhanced proteins were expressed significantly differently in 

COVID-19 patients’ blood samples compared with healthy controls. Specifically, we 

found that proteins such as GLUL, GLUD2, GLUD1 that participate in 

neurotransmitters transport, and HTRA3, GRIK3, and GRIA3 that act as 

neurotransmitters receptors, were changed in plasma of patients. Although the 

alternation of these tissue-enhanced proteins in blood suggests the tissue were influenced 

by COVID-19, in accord with the reviewer’s comments have we toned down the 

conclusions in this section. Please see lines 128-168. 

6) Higher neutrophil counts were observed in severe patients but not in mild patients during 

hospitalization (Fig. S3C). Examination of the neutrophil transcriptomic signatures revealed 

that excessive neutrophil activation was associated with severe rather than mild disease. This 

is not all novel and has been shown in multiple studies before. Citations are missing.  

Response: Citations have been supplemented as suggested (lines 184-185). 
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7) "Severe patients lost ~59.1% of their total T cell population, 62.3% of their CD4 T cells 

and 52.8% of their CD8 T cells. Importantly, the CD4 T cell population gradually recovered 

in the severe-survivors compared to the severe-fatality group". This data is impossible to 

interpret properly at presented here. Rather than showing relative values the authors must 

provide absolute standardized values (cells per ml or equivalent other absolute measures). The 

depletion of T cells may e.g. be a simple consequence of massive expansion of neutrophils in 

severe COVID-19.  

Response: Sorry for the confusion. As shown below, these relative values were 

calculated by the absolute standardized values (cells per ml) of T cells detected clinically. 

We have added the absolute values and modified the text to make it clearer (lines 

195-201). 

     In addition, we decided to utilize a widely-used deconvolution algorithm, i.e. xCell 

(Aran et al., 2017), to decipher the relative composition for many more immune cell 

types from the bulk RNA-seq data. For each RNA-seq library from patients of different 

levels of disease severity, we performed a global per library normalization before 

subjecting the data set to xCell, making the between-sample comparison of expression 

level of a given cell type meaningful. 

 

 

 

 

 

8) "Additionally, T cells in the survivors were primed by dendritic cells and expressed high 

levels of IFNG and GZMB (Fig. 4C)." This finding is not new at all and the proper literature 

must be cited.  

Response: Citations have been added as suggested (lines 202-203). 

Exam_name 
Mild_mean 

(cells per ml) 

Severe_mean 

(cells per ml) 
Perc. 

CD3# 937.2400 383.375000 59.1% 

CD4# 554.0800 208.625000 62.3% 

CD8# 344.9600 162.812500 52.8% 
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9) "Although viral load declined during the period of hospitalization in both survival and fatal 

cases, it remained elevated in fatal cases compared to survivors." This plot of viral load is 

surprising because sustained high viral load in nasal swabs 40 days after hospital admission 

even in fatal COVID-19 has not been described in the literature. Typically, 4-6 weeks after 

hospitalization, even critical patients have little if any sign of viral RNA in nasal swabs with 

few exceptions. Insufficient information about viral load assessment are found in the methods 

section ("Quantitative viral load tests were performed using the BioDigital General dPCR kit 

(Jiangsu Saint Genomics..."). Given the variation in viral load estimates and the difficulty of 

obtaining standardized, quantitatively comparable viral load measurements it is essential to 

give all details on how the authors computed viral load. Further, individual trajectories of 

viral load per patient should be show in addition in particular for this six fatal cases.  

Response: The reviewer gives us a good suggestion. The method for viral load 

measurement has been described in more detail as suggested (lines 437-444). In addition, 

viral load of each patient is now provided in Table S8. 

 

Minor points:  

1) In the introduction, the sentence "It is believed that SARS-COV-2 is able to use 

angiotensin-converting enzyme 2 (ACE 2) as a receptor for cell entry (Zheng et al., 2020; 

Zhou et al., 2020b)." should be corrected. It has actually been shown that this is the case 

(Hoffmann et al. 2020, CELL, https://doi.org/10.1016/j.cell.2020.02.052), and as such this 

paper should be cited first place here.   

Response: Modified as suggested, please see lines 62-63. 

2) In the introduction the authors should properly cover the relevant literature on autopsy 

based COVID-19 studies organs that show the primarily effected organs in COVID-19 (e.g., 

the heart, intestine, pancreas etc.).  

Response: Added as suggested (lines 68-71). 

https://doi.org/10.1016/j.cell.2020.02.052
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3) The coverage of publications studying expression of ACE2 and its co-factors is quite 

biased and incomplete. 

Response: As suggested, we have now cited more of the relevant literature (lines 63-68). 

4) The authors fail to cite recent papers studying the host immune response in the respiratory 

system in COVID-9 patients. (e.g., Liao, et al. (2020) Nature Medicine; Chua et al., Nature 

Biotech 2020, https://doi.org/10.1038/s41587-020-0602-4 )  

Response: Modified as suggested, please see lines 75-76. 

5) "Immune responses can cause severe damage to the cells or tissues that defend hosts 

against viral infection (Baseler et al., 2017; Cicchese et al., 2018; Newton et al., 2016)." 

Citations should be amended by those specifically studying SARS-CoV-2 infection.  

Response: Modified as suggested, please see lines 171-172. 

6) Fig. 2C: circos plots: The authors should explain how these plots were generated, e.g., by 

the circlize package. In that case, they should refer to that paper.  

Response: We appreciate the reviewer’s reminder. Yes, we used the circlize package to 

draw circos plots. We have added a description on the generation of circos plots in the 

“Methods” section and cited the paper in the revised manuscript. Please line 668. 

7) Proper legend for Fig. S5c is missing. What do different colors, and line styles 

(dashed/connected) mean?  

Response: We appreciate for reviewer’s advice. We have added the following sentences 

to describe the meaning of the different colors and line styles in figure Fig. EV5c (Fig. 

S5c in previous version): 

“Each color represents a model. A solid line represents the average for each model, 

whereas a dashed line represents one random iteration for each model.” 

  

https://doi.org/10.1038/s41587-020-0602-4
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reviewer #2: 

The manuscript " COVID-19 severity is associated with immunopathology and multi-organ 

damage" by Chen et al investigates how host responses contribute to COVID-19 

pathophysiology using a multi-omics approach to identify molecular markers in peripheral 

blood and plasma samples that distinguish COVID-19 patients experiencing a range of 

disease severities. Although the data is a monumental set of transcriptomic, proteomic, and 

metabolomic analysis there are several limitations that are not discussed or addressed by the 

authors that may limit the data interpretation and its applicability to COVID-19 patients. Of 

most significant concern is that the changes seen between mild and severe COVID-19 cases 

and more specifically those that survived or died may be reflective of severe illness and not 

specific to COVID-19 itself. Said another way is not clear if the pathways and notable 

findings by the authors would not be seen in sepsis or other severe illnesses. The authors have 

no controls from other severe illnesses (e.g. bacterial pneumonia and sepsis). Without these 

controls it is difficult to interpret whether these findings are unique to COVID-19. With this 

said these findings are important even if not unique to COVID-19 and therefore the 

manuscript should be accepted pending major revision.  

Response: We thank the reviewer for this careful review and the comments. 

Comments for the author:  

1. As stated above controls leveraging other mild to severe illnesses (another example flu and 

death from flu). Without showing that these differences it is not clear if these changes are 

unique to COVID or just to severe illness. Addition of these controls would greatly strengthen 

this manuscript.  

Response: Of course, we agree with the reviewer that data from another illness such as 

influenza would improve this manuscript. While it is very difficult to add such controls 

in this study, differences of tropism, replication and innate immune response between 

SARS-CoV-2 and other respiratory pathogens have been reported recently and we now 

describe some of these results. 
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SARS-CoV-2 was found to replicate better than SARS-CoV, but not as well as the 

2009 pandemic influenza H1N1 virus, in bronchial epithelium. In addition, a less potent 

induced effect on proinflammatory cytokines was found in SARS-CoV-2 compared to 

H5N1, H1N1, and MERS-CoV (Hui et al., 2020). Examination of lungs from patients 

died from COVID-19 and H1N1 infection found that, vascular angiogenesis could 

distinguish pulmonary pathobiology of COVID-19 from that of severe H1N1 infection. 

Moreover, significant differences of CD4 T cell, CD8 T cell and neutrophil counts, as 

well as the expression of inflammation-related genes were observed between patients 

with COVID-19 and those with influenza (Ackermann et al., 2020). Hence, we believe 

that at least some of changes we observed between mild and severe COVID-19 patients 

are likely to be specific to COVID-19. As noted above, we have modified the text and 

added discussion comparing COVID-19 and other viral respiratory illnesses as 

suggested. Please lines 369-384. 

2. The authors make the argument that the differences they see are characteristics of mild 

versus severe patients and "that distinguish COVID-19 patients experiencing a range of 

disease severities." Are these markers present early on in the disease process? Can they be 

used prospectively to partition patients who will go onto develop mild versus severe disease?  

Response: Yes. As we showed in the principal component analysis (Fig. 7A), patients 

with good (mild and severe survivor) and poor (severe in-hospital and severe fatality) 

prognosis could be prospectively partitioned based on exRNA, transcriptome, proteome, 

and clinical covariate data from samples collected at the first timepoint. Accordingly, we 

further identified prognostic biomarkers from each of the four types of data. However, 

because of the relatively small patient sample size utilized in this study, additional work 

is needed to confirm the reliability and practicality of these biomarkers. This is clearly 

stated in the Discussion section of the manuscript. 

3. The authors claim that significant changes in the proteome were seen in mild and severe 

COVID-19 patients. For example markers attributed to the lung, liver, kidney, testis etc were 

altered and noted to be downregulated (e.g. ALB). This is hard to attribute specifically to an 

organ or to COVID-19 disease. In almost all disease states particularly when people are 
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severely ill and not eating you see significant changes that are associated with illness and the 

fasting state. Albumin as are several markers are often diminished due to inflammatory or 

injury states and in themselves are not unique to a specific illness. Moreover the authors make 

the claim Fig.3C with a figure denoting brain injury and neuronal death. Current data that this 

occurs is quite limited and if the author wants to make claims of end-organ injury tissue 

sections etc for direct proof is needed.  

Response: In fact, plasma proteome contains proteins from a variety of tissues and cells 

as a result of secretion (Anderson and Anderson, 2002; Guipaud, 2013). Plasma protein 

levels could reflect human physiological biochemical states and have been used for the 

diagnosis and prognosis for many diseases (Geyer et al., 2017).  

To determine the impact of COVID-19 on patients, we mapped our plasma 

proteome data with the Human Protein Atlas (HPA) database and determined different 

expressions of tissue-enhanced proteins. Tissue-enhanced protein was defined as those 

encoded by genes that have an elevated expression (at least four-fold higher mRNA level) 

in the specific type of tissue compared to the average level in all other tissues (Uhlén et 

al., 2015). In total, we identified 544 tissue-enhanced proteins, among which 335 were 

expressed significantly differently in COVID-19 patients compared with healthy 

controls. Moreover, most of these altered tissue-enhance proteins that are related to 

fundamental functions of specific tissue were significantly downregulated in COVID-19 

patients. Although it is hard to determine whether all of these changes are specific to 

COVID-19, our findings still provide important basic data for molecular changes in 

COVID-19 patients.  

As shown in Fig. 3 and Fig. EV2 (Fig. S2 in previous version), we analysed and 

summarized all organs that were likely to be affected in COVID-19 infection, including 

lung, liver, brain, heart, intestine, testis, pancreas etc. Among these, lung, brain and 

liver, that showed the most significant variations in tissue-enhanced proteins, were 

described in detail. Brain injury and/or neurologic manifestations have also been 

observed in COVID-19 patients in several studies (Kandemirli et al., 2020; Mao et al., 

2020), receiving increasing attention (Langfelder and Horvath, 2008). In addition, 



 11 

multiorgan SARS-CoV-2 tropism including brain has been reported recently (Puelles et 

al., 2020). However, as the reviewer suggests, we have modified and toned down the 

statement on the section of “Tissue damage”, please see lines in 128-168. 

4. Several cytokines, chemokines and interferons are altered (up/down) in their proteomic or 

transcriptomic analysis. ELISAs (preferable) or Western Blots is needed to confirm these 

findings and claims.  

Response: In fact, the absolute values of many cytokines, chemokines and interferons 

were obtained clinically using Cytometric Bead Array (CBA) and are shown in Table S2. 

Similar alterations between severe and mild COVID-19 patients: e.g. a high level of 

inflammatory cytokines (IL-6, IL-8, IL-10), neutrophil and monocytes in severe patients, 

were observed in both the clinical biochemical parameters and the omics data. We have 

modified the main text to make this clearer. Please see lines 172-180. 

In addition, elevated levels of cytokines, chemokines and interferons in severe 

COVID-19 patients, especially in fatal COVID-19 cases, has also been confirmed in 

other studies. More relevant literatures have been added to support these findings. 

5. Further discussion on how these changes seen with COVID-19 compare and contrast that 

with other severe illnesses and particularly viral illnesses such as influenza would greatly 

enhance the impact of this work. 

Response: Many thanks for this good suggestion. We have modified the text and added 

discussion comparing COVID-19 and other viral respiratory illnesses as suggested. 

Please see lines 369-384. 
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reviewer #3: 

In the manuscript "COVID-19 severity is associated with immunopathology and multi-organ 

damage," the authors utilize proteomics, metabolomics, and RNAseq to perform a 

systems-level analysis of physiological changes accompanying COVID-19 disease. The 

authors analyze samples from severe and mild COVID-19 patients, and compare them to 

healthy control individuals. The study is exhaustive and informative regarding the patterns 

and correlations observed between and among molecular alternations and clinical alterations 

accompanying COVID-19. Many interesting observations are reported, notably in the context 

of metabolism, tissue-related macromolecules, and the immune response. One critique of this 

paper is that the figures and legends require revision to better communicate the study design 

and the analysis performed. Another critique is that the authors do not sufficiently explain 

their analyses to the reader in the results text -- considering the choice of EMBO (a general 

interest journal), it would be helpful to explain their methodology a bit more, space permitting. 

This is an issue throughout the results section, and I suggest the authors revise the text 

accordingly.  

Response: We thank the reviewer for these helpful comments. We have tried to clarify 

the figures and legends, and explained the methodology as much as possible. 

The manuscript is organized largely based on results paragraphs and corresponding figures, so 

I have grouped suggested revisions according to this same pattern. Specific comments below.  

Line 35 - The authors may want to soften the language around prognostic indicators, for 

example one change might be "...exRNAs may be used as biomarkers to predict the clinical 

outcomes of SARS-CoV-2 infection.". A central question I have is whether the size of the 

cohort used, particularly considering the small number of fatal cases (n=6), is sufficient for a 

high degree of prognostic certainty. My impression is that more validation work would need 

to be done to validate biomarkers, particularly as they relate to mortality, and I suggest the 

authors address this where appropriate. Please correct me if I'm wrong.  

Response: We appreciate for the reviewer’s advice and agree that future work is clearly 

needed to definitely confirm the reliability and practicality of these biomarkers. The 
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sentence in Line 35 of the Abstract section has been toned down to say: “Finally, we 

identified some genes, proteins and exRNAs as potential biomarkers that might be 

useful in predicting prognosis of SARS-CoV-2 infection.” We have clearly stated this 

caveat in the Discussion section of the manuscript. Finally, we have tried to soften the 

language throughout the manuscript wherever appropriate. 

Page 3 - I suggest streamlining the discussion of multiple organ infection by SARS-CoV-2 

infection, it seems slightly repetitive in paragraphs 1 and 2 on this page.  

Response: Thanks for the suggestion. We have revised this section, introducing the 

current state and clinical features of the COVID-19 pandemic in paragraph 2, while 

discussed two factors that might impact the COVID-19 severity: (i) multiple organ 

infection by SARS-CoV-2, and (ii) host immune responses in paragraph 3. 

Line 85 - Patient cohort and clinical characteristics (not "characters")  

Response: Modified as suggested. 

Figure 1:  

-Please revise Figure 1A to better reflect the study design. The main text includes mention of 

throat swabs, but these are not included in Fig. 1A. Please indicate these in figure along with 

assay run with those samples.  

Response: Modified as suggested. 

-It is not clear what analysis is run on the sampling timepoints from the blood based on Fig. 

1A - if all -omics analyses were run on every timepoint, please revise to illustrate this.  

Response: As suggested, both Figure 1 and its legend have been modified to reflect the 

study design more clearly. In addition, samples with specific sampling time used in each 

omics analyses are now listed in Table S1.  

-The methods indicates that 1-5 timepoints were collected per patient, suggesting that for 

some patients time-resolved data was available and for some patients it was not. It may be 

helpful to mention for how many patients time-resolved data was available and analyzed.  
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Response: Yes, time-resolved data was available for some, but not all, patients. Related 

information has been supplemented in the text (see lines 426-428) and also listed in 

Table S1 in detail. 

-Figure 1B: please clarify y-axis labels. 

Response: Modified as suggested. 

-Figure 1C: the authors may want to clarify these y-axis labels - the mention of both 'count' 

and '%' is somewhat confusing.  

Response: Modified as suggested. 

Figure 2:  

-The labels in Figure 2B are too small to read.  

Response: Thanks for the comments. We carefully revised all the figures including 

Figure 2B to make them clear to read. 

-The left panel of Figure 2C would benefit from more explanation  

Response: We apologize for the unclear explanation of Figure 2C. This shows different 

expression of proteins in samples collected at the first timepoint. The heatmap showed 

on left panel indicated the dynamic expression patterns of proteins overrepresented in 

healthy control (1,656 proteins), mild patients (1,547 proteins) and severe patients (2,362 

proteins). The top categories enriched for clusters are shown. Values for each protein in 

each samples (columns) are color-coded based on expression level, low (blue) and high 

(red) z-scored FOT. Please see details in the modified legend of Figure 2C. 

-For Figure 2D, the abbreviation WGCNA is not defined. Also, the main text references 14 

modules of proteins, however it appears that 'Modules' depicts a number of colors in a row at 

the bottom of this heatmap, and 'Modules' also relates to the right hand panel. It would be 

helpful if these designations were clarified.  

Response: Thanks for the comments. We apologize for the unclear explanation. 

WGCNA is the abbreviation of “weighted gene co-expression network analysis” 
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(Langfelder and Horvath, 2008). In our research, we applied weighted gene 

co-expression network analysis (WGCNA) to separate the proteomic profiles into 33 

co-expression modules (ME0-ME32), in which ME0 refers to Module Grey, ME1 refers 

to Module turquoise, etc. as shown at the bottom of the heatmap. 

Among the 33 modules, 6 showed significant correlation with clinical parameters 

(asterisk in heatmap): ME 14 (Module cyan) was strongly associated with TBIL: total 

bilirubin (Pearson r: 0.72), DBIL: Direct Bilirubin (Pearson r: 0.76), cTnl: cardiac 

troponin I (Pearson r: 0.62), and MYO: myoglobin (Pearson r: 0.67). ME 15 (Module 

midnightblue) was strongly associated with IL-6 (Pearson r: 0.99) and IL-10 (Pearson r: 

0.98). ME2 (Module blue) was positively correlated with HS-CRP (Pearson r: 0.54). 

ME18 (Module lightgreen) was positively correlated with BR-PCT: platelet hematocrit 

(Pearson r: 0.95). ME1(Module turquoise) was positively associated with APTT: 

activated partial thromboplastin time (Pearson r: 0.77). ME17 (Module grey) was 

negatively associated with O2SAT: oxygen saturation (Pearson r: -0.96).  

We further performed GO enrichment analysis on these six clinical associated 

modules as shown on the right-side of Figure 2D. The enriched pathways were labeled 

with their corresponding modules. To avoid misunderstanding, we added module names 

on the GO enrichment analysis panel of Figure 2D, and revised the manuscript, please 

see lines 115-118 and the modified Figure 2D for details. 

-Figure 2E highlights some noteworthy coagulation-related proteins, I found this interesting.  

-The heatmap colors in Figure 2E does not appear to be defined. Also, it is unclear how each 

of the three columns in 'Mild' and four columns in 'Severe' are defined.  

-The heatmap colors in Figure 2F do not appear to be fully labeled. Also, it is unclear how 

each of the three columns in 'Mild' and four columns in 'Severe' are defined.  

Response: Thanks for the positive comments. We apologize for the unclear label. For the 

heatmap on the previous version of the paper, we grouped the mild patients randomly 

into three groups and severe patients randomly into four groups, and calculated the 

average protein abundance of each group. The color of each cell represents average 
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protein abundance, low (blue) and high (red) z-scored FOT. Same method was used to 

generate heatmaps in Figure 3H (changed to boxplots now). To make the figure easier to 

read, we have revised Figure 2E and 2F to boxplots and shown the different expression 

of proteins in Module 1 (Fig. 2E) and 2 (Fig. 2F) between mild and severe patients. 

Please see the modified Figure 2E, F for details.  

Tissue damaged caused by SARS-CoV-2, and Figure 3:  

-The text in Figure 3A is too small to read. Fig. 3A is also somewhat challenging to interpret 

at first, it seems like the authors are trying to depict the abundance of the dysregulated 

proteins in relation to the relative abundance of non-dysregulated proteins (please correct me 

if I'm wrong). There may be a clearer way to present or explain this data. 

Response: We apologize for the unclear presentation of Figure 3A. The goal of Figure 

3A is to show the number of alternated tissue-enhanced proteins compared to the 

number of total tissue-enhanced proteins detected in our data. As suggested, we revised 

Figure 3A into rose plots, please see the modified Figure 3A in the revised manuscript.  

-The X-axis labels in Figure 3F can be shortened.  

Response: Modified as suggested. 

-Fig. 3G. The "X-Cell" acronym is "xCell" in other parts of the manuscript, please harmonize. 

Also, the use of colors to depict both the heatmap and the cellular populations is somewhat 

confusing, the authors might consider an alternative way to designate cellular subtypes in this 

heatmap.  

Response: We have harmonized the term "X-Cell" in the manuscript. Following the 

reviewer’s suggestion, we revised Figure 3G into bar plots, please see the modified 

Figure 3G in the revised manuscript. 

-Fig 3H. It is unclear what the four columns in 'Control' and four columns in 'Mild', and six 

columns in 'Severe' are comprised of. Are these referring to specific individuals in the cohort? 

If so, how were they chosen?  
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Response: Sorry for the unclear label of Figure 3H. Please see our response above to 

Figure 2E for the heatmap in the previous version of the paper. To make the figure 

easier to read, we have revised Figure 3H to boxplots which showed different expression 

of cell type specific proteins among health control, mild and severe patients. Please see 

the modified Figure 3H for details. 

-Figure 3I - Please correct me if I'm wrong, I don't see how age or gender are depicted in this 

subfigure (these are indicated in the color legend).  

Response: Sorry for the unclear label. The age and gender of individuals were depicted 

on the top panel of each heatmap. The figure legend has been modified for a clearer 

description. 

Line 150: The authors may want to specify the type of -omics under analysis early in this 

paragraph, e.g. exRNA.  

Response: Modified as suggested, please see lines 152-153. 

Line 152 refers to Figure 3F, however this may mean Figure 3G.  

Response: Yes, it should be Figure 3G and 3H. Thank you for the correction. 

The manuscript would benefit from a definition of "tissue-enhanced protein", as well as 

"proteins related to organ function", as these terms may not be commonly understood.  

Response: Thanks for the comments. We have added a definition as suggested and 

modified the statement to make it clearer. Pleases see lines 130-135 and 582-589.  

Immunopathological changes in COVID-19 patients, Figure 4 and Figure S3:  

Line 185 - "The CD4 T cell population gradually recovered in the severe-survivors compared 

to the severe-fatality group (Fig. S3E)." The heatmap suggests that the T-cell numbers are 

higher in severe survivors, but I don't see an obvious upward trend over time.  

Response: Sorry for the inaccurate statement. In fact, Fig. S3E (Fig. EV3E in the revised 

version) aimed to show a certain level of T cell activation in the severe-survivor group 
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which could not be observed in the severe-fatality group. We have modified the 

statement in the revised version of the paper, please see lines 199-201. 

Figure S3E - heatmap colorbar requires labeling.  

Response: Thanks for the reminder. The color bar label has been added in Fig. EV3E 

(Figure S3E in the previous version). In the legend for Fig. EV3E, we also added the 

following sentences to describe the labeling of colorbars of the heatmap:  

“The colors of the heatmap represent the Z-scaled values of fractions of each cell 

type from different stages and subgroups. The red color stands for a higher proportion 

whereas the blue color denotes a lower cell population.” 

Biomarkers predictive of clinical outcomes of COVID-19 patients:  

It may be helpful if the authors could mention the size of each category of patient utilized to 

train their prognostic model, comment on the certainty of their findings in the context of their 

cohort size, and mention what further work would be required to validate biomarkers for 

COVID-19 prognostic use.  

Response: We greatly appreciate for reviewer’s advice. Accordingly, we added: 

(1) A description of the size of each category of patients utilized to train the prognostic 

models in the “Methods” section (lines 616-623): 

“The numbers of samples used in predictive modeling were as follows: for the 

exRNA-seq and the matched clinical testing data sets, a total of 37 patients were used, 

including 28 patients with good outcomes and 9 patients with poor outcomes. For the 

RNA-seq data set, 63 patients were used, including 55 patients with good outcomes and 

8 patients with poor outcomes. For the proteomics data set, 31 patients were used, 

including 21 patients with good outcomes and 10 patients with poor outcomes. Samples 

from the first sampling timepoint from each patient were used in the analysis.”  

(2) Regarding the certainty of our findings in the context of cohort size, we would like to 

bring the attention of the reviewer to the section on the effect of sample size on model 

performance illustrated in Fig. EV5C (lines 648-656): 

Specifically, we did try to estimate the effects of sample size on the accuracy and 

variability of the prognostic models. We performed learning curve model comparison 
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(LCMC) analysis and found that 15 samples for clinical variables, 23-30 samples for 

exRNA-seq data were sufficient for building prognostic models, when AUC reached 1 

(Fig. S5C). The sample sizes for the proteomic and mRNA-seq data were between those 

observed for clinical variables and the exRNA data. Thus, we concluded that there is 

potential utility of the prognostic biomarkers for predicting the clinical outcomes of 

SARS-CoV-2 infection although the sample size used in this study is limited due to 

practical constraints. 

(3) Regarding what further work would be required to validate biomarkers for 

COVID-19 prognostic use: 

We clearly stated the caveat of limited sample size in the Discussion section of the 

manuscript (lines 399-402). We hope that after the publication of our work, larger 

scientific and clinical studies will be performed to test the ideas presented. 

 

Discussion:  

Line 315 - "The data generated here revealed that the number of AT1 and AT2 cells reduced 

significantly in severe patients..." Regarding the molecular profiling of blood plasma to verify 

tissue health, I wonder if the authors might address the shortcomings of this approach to 

measure the health of specific cell types in the body. I think these observations are 

complemented very well by citing autopsy studies, for example, but I wonder if alone they are 

sufficient to make such claims. Please correct me if I'm wrong.  

Response: There is now more evidence from other groups that SARS-CoV-2 can cause 

multi-organ damage in severe COVID-19 patients. Citation of more related studies and 

autopsy findings have there been added. Please lines 315-318. 

In addition, ground-glass opacity in computed tomography (CT) images revealed 

severe lung injury in these patients. A set of biochemical parameters are commonly used 

to indicate organ dysfunction and we observed significant variations of some of these 

biochemical parameters, such as higher levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), total bilirubin (TBIL), Creatine kinase (CK), B-type 
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natriuretic polypeptide (BNP), Urea in severe patients (Table S2), suggesting organ 

dysfunction including liver, heart, kidney in these patients. 

     Notably, while the plasma proteome is generally synthesized in liver, it contains 

proteins from a variety of other tissues and cells as a result of secretion (Anderson and 

Anderson, 2002; Guipaud, 2013). Plasma protein levels reflect human physiological 

biochemical states and have been used for diagnosis and prognosis for many diseases 

(Geyer et al., 2017). We have also softened the language in the section of “Tissue damage” 

to make it more accurate. Please see lines 128-168. 

Line 334 - "a role for T cells in SARS-CoV-2 infection not yet has been determined, likely 

reflecting "lymphopenia". I suggest rephrasing for clarity.  

Response: When we originally submitted our paper, little was known about the function 

of T cell response in SARS-CoV-2 infected individuals. Our work shows that the mild 

disease group showed robust T cell responses, and the ones who failed to activate T cell 

responses usually suffered severe COVID-19 disease. This effect has now been 

confirmed by other papers (Braun et al., 2020; Sekine et al., 2020). The relevant text has 

been modified for clarity and the recent literature has now been cited. Please see lines 

349-354. 
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16th Oct 20201st Revision - Editorial Decision

Dear Yong-Zhen, 

Thank you for submit t ing your revised manuscript  to the EMBO Journal. I have now had a chance to
take a careful look at  the revised version and the revision has also been seen by the original referee
# 1 whose comments are provided below. 

As you can see the referee appreciate the introduced changes and support  publicat ion here. The
referee has a few remaining points that I would like to ask you to address in a revised version
address with appropriate text  changes and addit ional informat ion in the method sect ion. 

Regarding the t it le - I agree with the comment made by the referee, but not so sure that I like the
one proposed by the referee, maybe try to come up with some variat ion on this. Happy to give more
input on this if needed. 

When you submit  your revised manuscript  will you also please take care of the following points. 

- Figures 2, 3, 5 and EV1 are very busy and I am wondering if you should split  some of them into 2
figures. OK to have more main figures and 6 EV files. I will leave the decision up to you. 

- Dataset EV1 contains Tables S1-S9. Please upload each Table separately and add a legend in a
separate tab. 

- We don't  encourage data not shown (pg 9) - please take a look and rephrase or provide the data. 

- For the reference list  - for art icles with more than 10 authors the author list  should be cut after 10
authors followed by et  al. 

- The ORCID ID is missing for Chen Ding and Tong-Yu Zhu 

- Please double check grant # 2019FY101500. It  is listed as 2019FY101400 in the submission
system 

- The appendix is missing a ToC 

- We include a synopsis of the paper (see ht tp://emboj.embopress.org/). Please provide me with a
general summary statement and 3-5 bullet  points that capture the key findings of the paper. 

- We also need a summary figure for the synopsis. The size should be 550 wide by [200-400] high
(pixels). You can also use something from the figures if that  is easier. 

That should be all! 

Let  me know if we need to discuss something further 

With best wishes 

Karin 



Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instruct ions for preparing your revised manuscript : 

Please check that the t it le and abstract  of the manuscript  are brief, yet  explicit , even to non-
specialists. 

When assembling figures, please refer to our figure preparat ion guideline in order to ensure proper
formatt ing and readability in print  as well as on screen: 
ht tps://bit .ly/EMBOPressFigurePreparat ionGuideline 

IMPORTANT: When you send the revision we will require 
- a point-by-point  response to the referees' comments, with a detailed descript ion of the changes
made (as a word file). 
- a word file of the manuscript  text . 
- individual product ion quality figure files (one file per figure) 
- a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14602075/authorguide). 
- Expanded View files (replacing Supplementary Informat ion) 
Please see out instruct ions to authors 
ht tps://www.embopress.org/page/journal/14602075/authorguide#expandedview 

Please remember: Digital image enhancement is acceptable pract ice, as long as it  accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulat ion, this must be noted in the figure legend or in the 'Materials and
Methods' sect ion. The editors reserve the right  to request original versions of figures and the
original images that were used to assemble the figure. 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

The revision must be submit ted online within 90 days; please click on the link below to submit  the
revision online before 14th Jan 2021. 

ht tps://emboj.msubmit .net/cgi-bin/main.plex 

------------------------------------------------ 

Referee #1: 

This reviewer appreciates the mult iple efforts the authors have taken in improving their manuscript
along the detailed comments of all reviewers. However, I st ill disagree with some of the statements
of the authors: 



1) The t it le is st ill misleading and does not properly reflect  the results of this paper. Instead of
"Immunopathology and mult i-organ damage in COVID-19" I would suggest a t it le such as
"Immunopathology in the blood suggests impact on mult i-organ damage in COVID-19"
2) Most of the inappropriate claims have been properly rephrased and citat ions complemented. St ill,
there is a new claim in the revised paper that needs to be rephrased (Page 9, line 166-167):
„Together, our data indicate that COVID-19 has a great impact on funct ions of mult iple organs
including lung damage." I would suggest again to downtone this statement, e.g., by replacing "great
impact" by "potent ial impact".
3) I appreciate the addit ional details on methods and measurements of viral loads in the revised
version (Table S8 and Methods sect ion). Unfortunately, I was unable to retrieve Table S8 from the
submission. Further, I st ill miss details in the methods sect ion about how the authors normalized
RT-PCR measurements. Given the unusually prolongued levels of relat ively high viral load the
quant ificat ion of high viral loads need to be explained.
4) Addit ional comment:
Page 16, line 319-320: In the discussion of "how SARS-CoV-2 is able to cross the blood-brain or the
blood-test is barriers?" the authors may wish to discuss the recent ly described role of the olfactory
mucosa for SARS-CoV-2 propagat ing into the CNS.
https://www.biorxiv.org/content/10.1101/2020.06.04.135012v1
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Response to reviewers' comments: 

Referee #1: 

This reviewer appreciates the multiple efforts the authors have taken in improving their 

manuscript along the detailed comments of all reviewers. However, I still disagree with some 

of the statements of the authors: 

Response: We sincerely thank the reviewer for this careful review and the comments 

provided. 

1) The title is still misleading and does not properly reflect the results of this paper. Instead of

"Immunopathology and multi-organ damage in COVID-19" I would suggest a title such as 

"Immunopathology in the blood suggests impact on multi-organ damage in COVID-19". 

Response: Thank you for the suggestion. We have changed the title to “Molecular 

markers in the blood are associated with Immunopathology and multiorgan damage in -

COVID-19” which we believe is a more accurate description of our paper. 

2) Most of the inappropriate claims have been properly rephrased and citations complemented.

Still, there is a new claim in the revised paper that needs to be rephrased (Page 9, line 

166-167): „Together, our data indicate that COVID-19 has a great impact on functions of

multiple organs including lung damage." I would suggest again to downtone this statement, 

e.g., by replacing "great impact" by "potential impact".

Response: Modified as suggested. Please see lines 167-168. 

3) I appreciate the additional details on methods and measurements of viral loads in the

revised version (Table S8 and Methods section). Unfortunately, I was unable to retrieve Table 

S8 from the submission. Further, I still miss details in the methods section about how the 

authors normalized RT-PCR measurements. Given the unusually prolonged levels of 

relatively high viral load the quantification of high viral loads need to be explained. 
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Response: We apologise for the confusion. We used digital RT-PCR to quantify viral 

loads in SARS-CoV-2 positive samples. Specifically, 15 μL RNA solution of each sample 

was mixed with 20 μL reaction buffer. This reaction buffer comprised 7 μL 5×RT-PCR 

buffer, 3 μL Taq polymerase and 10 μL SARS-CoV-2 detection mix provided by the kit 

(BioDigital General dPCR kit, Jiangsu Saint Genomics, Cat no. CSJ-3-0018). As 

suggested, we have modified the text to make this clearer. Please see lines 440-449. 

Unlike Real-Time RT-PCR (qRT-PCR), digital RT-PCR does not require a 

standard curve to provide absolute quantification of viral loads. It measures the true 

number of molecules (template nucleic acid) as one droplet only contains one DNA 

molecule. Hence, digital PCR can provide absolute quantification, which refers to the 

number of droplets that are fluorescing due to proper amplification.  

4) Additional comment:  

Page 16, line 319-320: In the discussion of "how SARS-CoV-2 is able to cross the 

blood-brain or the blood-testis barriers?" the authors may wish to discuss the recently 

described role of the olfactory mucosa for SARS-CoV-2 propagating into the 

CNS. https://www.biorxiv.org/content/10.1101/2020.06.04.135012v1 

Response: Added as suggested. Please see lines 326-329. 

https://www.biorxiv.org/content/10.1101/2020.06.04.135012v1
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Thank you for submit t ing your revised manuscript  to the EMBO Journal. I have now had a chance to
take a look at  it  and I appreciate the introduced changes. I am therefore very pleased to accept the
manuscript  for publicat ion here. 

Congratulat ions on an important study 

With best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

------------------------------------------------ 

Please note that it  is EMBO Journal policy for the t ranscript  of the editorial process (containing
referee reports and your response let ter) to be published as an online supplement to each paper. If
you do NOT want this, you will need to inform the Editorial Office via email immediately. More
informat ion is available here: ht tps://emboj.embopress.org/about#Transparent_Process 

Your manuscript  will be processed for publicat ion in the journal by EMBO Press. Manuscripts in the
PDF and electronic edit ions of The EMBO Journal will be copy edited, and you will be provided with
page proofs prior to publicat ion. Please note that supplementary informat ion is not included in the
proofs. 

Should you be planning a Press Release on your art icle, please get in contact  with
embojournal@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 

If you have any quest ions, please do not hesitate to call or email the Editorial Office. Thank you for
your contribut ion to The EMBO Journal. 

** Click here to be directed to your login page: ht tps://emboj.msubmit .net 
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