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Reviewer Reports on the Initial Version: 

Referees' comments: 

Referee #1 (Remarks to the Author): 

We initial read with enthusiasm the title and abstract of this paper and we commend the authors on 
the amount of work that was put into this study. Unfortunately, there are too many major issues 
with the analyses that dampen enthusiasm. 

Conceptual 
The authors do not adequately justify why they chose influenza vaccination as an immune challenge 
or address confounding that could have been caused by pre-existing immunity to influenza. As is 
well-documented in the literature, prior exposure to influenza through either infection or 
vaccination is nearly universal in middle-aged individuals, leading to heterogeneous levels of pre-
existing immunity, which is a fundamental predictor of the response to vaccination. Despite some 
effort to statistically correct for vaccination history (which is never addressed in the main body of 
the text), the authors do not adequately address this. For example, the low percentage of 
‘responders’ in figure 2B is likely due to high levels of pre-existing immunity precluding a measurable 
4-fold change. While one justification for using influenza as an immune challenge could be that the
response to influenza vaccination is very well-characterized in the literature, the authors transform
the data in such a way that it cannot be directly compared to the literature. As a result, we think that
the interpretations of transformed data by the authors are not completely accurate and become so
difficult for the reader to assess that we found ourselves questioning the validity of many
statements by the authors.

Text-specific 
• Line 15: [5th-95th percentile:58 -235] days after diagnosis need clarification. It is a little confusing
what the authors meant '5th - 95th percentile' and range of days.
• Line 20 -21 - Authors categorized CD71hi B cells as a subset including memory B cells and
plasmablasts (as described in Supplementary Figure 2B). Authors need further clarification and/or
explanation why CD71hi B cells (including influenza-specific subsets) increased before vaccination in
COVID-19-recovered male subjects. Other very well-respected vaccine immunologists define IgD- 
and CD71- as memory B cells in the context of influenza vaccination (doi: 10.1038/ni.3533).
• Line 67: Authors need to identify the time of symptom assessment. Also, the number of total
subjects and the percentage are important.
• Line 77: Was there any significant difference between male and female subjects.
• Line 82: the red cell distribution' should be 'the red blood cell distribution'.
• LIne 82 - 84: The normal range of RDW is from 11.8 to 15.6 percent, which tends to increase with
age. The authors showed the elevation and decrease of RDW in COVID-19 subjects, but the changes



are within the normal range. In this case, the authors should have a healthy control group as a 
baseline. 

• Line 84 -87: The decrease appears to be 1.5 -2 % which is within the normal range. Thus, the data
do not support the statements made.
• Line 88 - 92: The decrease of plasmablast over time is a normal immunological reaction, which is
not specific to COVID-19. The authors should have looked at plasmablast between Day 0 and Day 20,
which is more sensitive to demonstrate the change in plasmablasts (Extended Figure 1 a -c).
• Line 113 -117: COVR-M has a higher innate immune activation and metabolic process than COVR-F.
But T cell surface signature and T cell differentiation in COVR-M are lower than in COVR-F. These
data suggest that the adaptive immune response might be better in COVR-F than in COVR-M, which
is different from the conclusions drawn by the authors.
• Line 150 - 157: The author should elaborate on the meaning of 'true' and 'false' in Figure 2b. It is
unclear whether the authors combine the titers of different strains. and how the normalization was
processed. In healthy subjects, the difference between male and female subjects is present.
• Line 160-163: Additional clarification is needed for a better understanding of sex difference in Flu-
specific memory B cell response. Influenza A -specific B cells (H3+H1-, H3+Flu-B-, H1+H3-) in HC show
a higher fold change than those in COVR-F. Influenza B specific memory B cells showed the opposite
trend. Also, all memory B cells in males show higher levels than those in females. The representation
of the data is so transformed that it was particularly difficult to interpret.
• Line 310: Authors stated that the adaptive immune response is elevated in COVR-M. However,
supportive data were not presented in the manuscript.
• Line 339: Authors stated the plasmablasts increased in COVR-M. However, Figure 2b shows the
comparison of frequency (%). We suggest that the comparison should be conducted using ratio, not
the frequency.

Figure-specific 
• All stacked bar graphs (1B, 2B, 4F) are difficult to interpret and do not support the conclusions
made in the text.
• 1D/E: Unclear why correlation plots here. There is a clear dependent (nAb/RBC) and independent
variable (TSD). Why not use regression analyses with a time by sex interaction term, which would
allow direct testing of the sex different in trends? Also for RBC where are control patient data?
• 2B: typo in Male panel, says that OR =0.
• 2C: unclear if statistics account for that fact that the timepoints are not independent of each other.
I do not think this panel was addressed in the results section.
• 3: unclear how samples at day 1 OR day 7 were used. Did the same individuals contribute samples
at both timepoints? Or did participants contribute samples at either day 1 or day 7? Time-course
analyses (C and E) suggest that these are the same people over time. Could small sample sizes in at
day 7 explain the dips seen at this timepoint in C and E?
• 1Figure 2d: It appears that the authors subtract frequency on Day 0 from Day 7. Subtraction of %
(frequency) should be replaced with actual cell count numbers. The strain of influenza should be
provided. The authors stated 'Flu-specific plasmablast' in Figure 2d. Sex differences in flu-specific
plasmablasts must be evaluated.
• Figure 3b-d: Figure 3b (transcriptomic analysis) shows little difference in interferon-gamma
response between COVR-F and COVR-M. However, Figures 3c and d show that significantly higher



IFN-gamma response in COVR-M compared to that in COVR-F. Additional information would be 
helpful for a better understanding. 
• Figure 3e: While interesting, absolute monocyte counts presented in this figure are confusing
compared to Figure 1g data (frequency). In Figure 1g, the frequency of monocytes was similar
between HC_M and COVR-M on Day 0 whereas a marked difference was presented in absolute
monocyte counts between HC-M and COVR-M in Figure 3e. While the frequency and absolute count
are different measures, additional description and explanation would be helpful.
• Figure 4d: It is unclear how many subjects were included in the gene heatmap. HC appears to have
3 subjects and COVR appears to have 8 subjects. However, there seems a notable variation within
the group.
• Figure 4c: If a sex difference is present in this case, then separate figures for males and females
should be included.
• The entirety of Figure 4 and the use of a new population of people from Italy without having the
HC day 1 control group, which makes all of these comparisons confusing and, in some cases,
incorrect.

Referee #2 (Remarks to the Author): 

Sparks et al characterise the long-term impact of mild SARS-CoV-2 infection on immune status at 
baseline and following seasonal Flu vaccination. The study identifies shifts in immune signatures 
between healthy and following mild COVID19 that are different among sexes. In terms of effects of 
mild COVID19 on baseline immune parameters, sex differences were observed with increased 
monocytic, oxidative phosphorylation and fatty acid metabolism in males vs increased T cell 
processes in females. Following influenza vaccination, a proportion of males had higher Ab titers at 
day 28 post vaccination than females, together with higher frequency of flu-specific B memory 
populations and plasmablast frequency. Vaccination induced shifts from baselines in a sex-
dependent manner, with males showing significant up-regulation of IFN signalling and IFNg 
transcriptomic responses and IFNg levels at day 1 following vaccination when compared to females. 
Other features that were differentially observed between the sexes were increased immune 
activation in males and increased neutrophil, NK and T cell modules in females at day 1 post 
vaccination, and increased B/plasmablast and neutrophil signatures in males at day 7 post 
vaccination. Finally, the authors identify a depressed immune state in COVR that is partially resolved 
upon vaccination, with genes relating to oxidative phosphorylation, monocyte and cell cycle 
processes partially returning to baseline in females, and processes relating to plasmablasts returning 
to baseline levels in males after 28 days post vaccination. Vaccination induces transcriptional 
changes in classical monocytes at day 1, similar to baseline. Interestingly, a larger fraction of females 
had genes whose expression reset by day 28 when compared to males suggesting females are able 
to return to closer to a baseline more effectively than males. This manuscript offers several 
interesting new perspectives on immune recovery after acute infection in general and COVID-19 in 
particular and thus opens up several new avenues for future studies. 

General comments and suggestions 
- Subjects with variable ages were included in the study. Because sex differences were observed for



many features, it would be interesting to indicate how sex differences occur when comparing 
subjects pre and post andropause/ menopause; if data is not available, perhaps separating by age 
groups. 

- More insights on how sex differences in immune and metabolic findings relate to one another?

- Fig 2: More discussion is warranted on why male influenza antibody titers are higher in COVR vs HC
in males while the opposite happens in females? Any difference in prior immunization history
between groups?

- Were there reported days following SARSCoV2-specific vaccination and/ or differences between
the sexes and groups of COVR vs HC?

- Some of the individuals were samples quite recently after a prior COVID-infection. Is there any
difference in relation to time from prior COVID in these subjects?

- The observation of CD71 hi B-cells after COVID-19 is curious and I wonder whether any particular
plasma protein correlated with the abundance of these cells?

Minor points: 
- Clarify age range and distribution among groups
- Clarify in text whether average time from diagnosis was accounted for in analysis.
- Specify range of self-reported average length of illness 20.8 days and whether counted for in
analysis
- Clarify Figure 1b legend in terms of Y N bars relating to residual symptoms
- Clarify in text that Fig 1d only show significant anticorrelation between time of diagnosis and
neutralizing antibody titers in males: Lines 78, 93, 94
- Clarify normal range for RDW in Fig 1e and comparison with uninfected males and females
- Line 109 conclusion based on males, but Figure 1g suggests no changes in monocytes in males
between healthy vs COVR, whereas females have decreased % monocytes.
- Information/ differences in vaccinations between subjects who got covid/ did not?
- Verify Fig 2b male OR=0?
- Fig 2e indicates higher FC COVR vs HC in males but not females; are there differences in baseline
values (rather than FC) between males and females?
- Figure 3 indicates that vaccine induced shits from baseline states are quite between sexes; hard to
interpret

- Figure 4 indicates partial reset of a previously depressed immune state in COVR subjects following
influenza vaccination. More discussion on why would influenza vaccine reset post covid immune
states back to healthy controls? And why sex effects are impacting this reset?

- Overall observation of a depressed immune state following COVID. Are these effects speculated to
result from SARS-CoV-2-specific effects or due to overall effects of a respiratory infection? As for the
HC and COVR, did any of the subjects have any symptomatic respiratory infection, other than
COVID19, that could be accounted for in some of the analyses?



 

Referee #4 (Remarks to the Author): 
 
This is an ambitious attempt to address a series of important questions: first, whether mild to 
moderate COVID-19 leaves a long-term imprint in the immune system that can be detected by -
omics approaches of the (potentially) new steady state or after a normalised, antigenically different 
challenge of the immune system, namely influenza vaccination. Second, whether any of the 
observed imprints are sex-specific. Overall, this paper is well written and holds together (at least in 
most places) the high complexity of analysis. Also, the graphic displays are helpful to guide the 
reader through the complex data, and overall, the discussion is fair. My main concerns with this 
manuscript are that the observed phenotypes are very subtle, the n numbers are not very high, the 
phenomena described are slightly unlinked, and due to the nature of the study, correlative data is 
combined to develop a narrative that remains however speculative. This in combination with the 
fact that only blood data is available for analysis, while both in SARS-CoV-2 infection and in 
vaccination, local processes are crucial, it remains difficult to judge the biological meaning of the 
phenomena described here. 
 
Major concerns: 
 
1.Inter-individual variation in response to influenza vaccines is strongly determined by the individual 
pre-vaccination exposure history. A vaccine that all study participants were naïve to would have 
been a better choice and would have facilitated some of the analysis. 
 
2. It is a pity that true longitudinal data, i.e. different time points since diagnosis from the same 
donor, is not part of this study – again this would have strengthened the analysis. 
 
3. An important point that is at least missing in the main text is the question of participant infections 
between COVID and vaccination – all assumptions here are based on the absence of such 
confounding factors – are we sure that participants did not have anything, not even a cold in that 
period? 
 
4. Following on from point 3: COVID infection of the participants was not the first, but the nth 
infections of their life. I understand from the comparison made with flu infection data that similar 
imprints were found after other infections (and this is what I would expect). So the concept of a sort 
of persisting immune-paralysis that is partially or fully relieved is difficult to reconcile with a long 
sequence of infections – which one depresses, which one relieves the immune depression? Or would 
it be specific to COVID as compared to other infections to induce immunodepression, and of 
vaccination as compared to infection to be able to reinstate to original state? Apart from flu data, 
the authors cite literature on vaccinations to have immune-depressive effects, so the answer to both 
questions above seem to be no. I think it is important not only to discuss this, but to re-consider the 
basic assumptions of the study in the light of sequential immune-exposure that started long before 
COVID for these individuals. 
 
5. Line 60 why include 2 asymptomatic subjects? Do you know when they were infected, probably 
not? How do you establish TSD? How do the analyses look without them? 
 



 

6. Along the same lines, it is not clear to me why in different analyses, different n numbers appear, 
when figure 1c suggests that the key analyses were done on all 71 study participants (e.g. 2b, c, also 
later figures). 
 
7. It is a pity that no PBMCs were frozen to allow testing of some of the findings more directly – for 
instance, the authors link higher serum IFNg on d1 post vaccination to the increased presence of CD8 
effector cells in M convalescents per-vaccination – it could be tested whether these cells are prone 
to IFNg production if such samples were available. It could also be tested whether increased NK cells 
on d1 post vaccination in F would not produce higher IFNg. Such minimal functional experiments 
would strengthen some of the links that the authors plausibly draw but which remain speculative. 
 
8. In figure 1 and related data, stable and evolving changes in immune set points are analysed. 
Subtle differences in monocytes and T cells are reported, partly reminiscent of the reported more 
dramatic changes during acute and severe COVID-19. Many of the cellular, protein and Cytek 
analyses do not reach a FDR< 0.05 significance value. 
 
In the related data in fig. ED1A, of five pathways shown, the only one with a significant (FDR <0.05 – 
not a very stringent cut-off, we hardly ever use anything less stringent than < 0.01) enrichment 
factor in F does not correlate significantly with TSD, and vice versa for the four other ones. I 
appreciate the authors’ argument that the (significant) loss over time in F but not in M leads to 
(significant) sex differences overall in a subset of these categories, but overall, my impression is that 
the long-term imprints detected here are quite subtle. The fact that we don’t really know what a 
change in e.g. DC representation in the blood means, given the tissue- or lymph node restricted role 
of these cells, makes it difficult to develop a clear narrative of the changes we observe and their 
biological meaning. 
 
Line 129 I agree that M/F combined analysis yields less significant differences, but could this be due 
to increased n number for analysis? Concretely, the stats shown if EDFig1F refer to sex differences, 
while the figure is used for an argument about sex-independent differences (line 130), while the 
Cytek analysis EDFig1d does not show sex-independent differences for pDCs. 
 
9. In figure 2, the Ab and B cell response to influenza vaccine is analysed, and recovered M appear to 
have a slightly stronger Ab response that correlates with higher frequencies of plasmablasts and 
higher baseline levels of a specific memory B cell subset, which in turn correlates with an mTORC-
driven gene signature. If I understand correctly, the metabolic signature is derived from bulk analysis 
of PBMCs, so this may or may not reflect metabolic changes in this B cell subset. I do not see that the 
B-cell specific metabolic argument is picked up upon once the scRNAseq in fig.4 is done, and 
EDFig.5B does not seem to show detectable differences for B cells in males. 
 
10. In fig. 3, further analysis of the anti-vaccine response is performed, and strong early IFN 
responses were found in recovered M. The authors link IFNg reponses to higher base-line CD8 
effector cells levels in M, and I wonder why increased NK-frequencies in F cannot provide a similar 
level IFNg. As mentioned above, testing function of cells from frozen aliquots would come in handy 
here. 
 



 

11. Finally fig.4 explores a vaccination-driven immunological “reset”. Apart from the conceptual 
issues (explained in point 4) to consider, his figure is not easy to understand. In particular, for Fig. 4B 
the legend talks about four lines, including the HC base line, but this fourth line is missing – is the HC 
base line the comparator and therefore would be the zero value on the x axis? Based on this initial 
issue, the whole argument of vaccination releasing immune paralysis post COVID is difficult to 
follow. The x-axis annotation (abs(effect size)) is not helpful to understand this, and the precise 
selection of genes that are channelled into this analysis is difficult to follow. It is also not helpful for 
the comparison that the scale of the x axis for M and F is not the same. The authors conclude from 
the data analysis in this and associated figures that indeed, at d1 post vaccination of convalescents, 
there is a release of depressed genes, in particular in monocytes, which persists up to day 28 more in 
F than in M. Early monocyte activation post vaccination is perhaps unsurprising, so to talk about a 
relief of an immune-depressed state may be pushing it a little – but it does show that we ae not in 
front of an immune-paralysis that cannot be overcome. 
 
 
 
Minor concerns: 
 
1. Typo EDFig.2c: COVR-F instead of COR-F 
 
2. File names (at least of the files extracted from the zip) do not indicate which suppl. Tables are in 
the excel sheet, often it is not indicated in the excel sheet itself – this makes it difficult to follow the 
data referenced to tables. Having all tables, well annotated, in on excel sheet may be preferable. 
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Reviewer Reports on the First Revision: 

Referees' comments: 

Referee #2 (Remarks to the Author): 

First I want to thank the authors for their efforts in pushing for greater understanding of 
postinfectious immune system function and adaptation, a topic of great interest and importance. 

After reading the rebuttal and the completely updated manuscript my impression is that many 
aspects of the study has been improved. The new detailed single-cell multiomics data adds greater 
resolution and is in agreement with several of the findings from bulk mRNA analyses. 

My main concern however remains, namely that effects reported are very subtle and number of 
subjects studied so small that I remain uncertain whether any of these effects would hold up in a 
validation cohort. I don't think it is possible to do more with the subjects, samples and data already 
generated and all analyses are already well performed and reasonably interpreted to support the 
conclusions drawn. 

My suggestion is that the authors try to recruit an additional cohort or samples from another cohort 
to try and validate some of the suggested mechanisms of immune adaptation. Ideally the authors 
could include subjects infected by SARS-CoV-2 and also another virus for comparison, such as flu. I 
also suggest that such a validation cohort be vaccinated with another vaccine to which the subjects 
would be naive, like Yellow fever, in order to answer the legitimate question of prior immunity to flu 
and it's possible contribution as a basis for the differences seen in the original cohort. 

Referee #3 (Remarks to the Author): 

How past exposure effects future immune response is an important question whose importance for 
developing new treatment paradigms is paramount. However our understanding of this is overwhelmingly 
comes in the context of antigen specific memory responses. Laboratory studies observed a priming effects 
that relate one stimuli to another, but connecting these non-antigen specific effects to real world scenarios 
has been very limited. Here the authors conduct a tour-de-force systems immunology study to look at the 
relation of past (mild) COVD-19 infections to downstream responses to the seasonal flu vaccine. The logistics 
of this study are impressive, especially given the situation in which it was conducted – during the pandemic 
and pre-COVID vaccination. Sample size is respectable for systems vaccinology studies, especially with the 
addition of the CITE-seq data, and for the first time in the decade+ of the field, there is finally proper 
attention paid to gender differences in response (to date, most studies have looked at gender either at 
baseline or as a co-variate one adjusts to).

The authors make 3 major claims in the paper: (1) That a mild COVID infection shifts individual’s immune 
state / set point, thereby affecting their responses to future treatments (i.e., influenza), (2) that this is gender 
dependent, (3) that the flu vaccine reverses the effects of COVID. Briefly, I believe the first two claims, which 
are the most important ones, are very well shown in the work and the third, which is more minor, possibly 
requiring some more investigation or toning down. My specific comments appear below:

1) Blood transcriptional modules (BTMs) – where never developed for single cell data but rather on whole 
blood where cell composition makes much of the associations between genes. Though there is no immediate 
alternative I am aware of (asides from clustering and enrichment), if using them for CITE_seq I would be wary 
of some noise coming from the mismatch.



Referee #4 (Remarks to the Author): 

The manuscript is now much improved, the CITE-seq data help greatly to carve out important 
differences, and the message has been streamlined and very much simplified. The authors show a 
new set-point post mild COVID-19 that includes reduced monocyte signatures and increased CD8 
activation signatures prior to secondary stimulus. Post vaccination, an increased IFNg response is 
found that the authors locate to bystander-activated CD8 cells and that may explain the increased 
monocyte activation and later plasmacyte / Ab response. Most of these latter increases are found 
predominantly or only in males. In the last figure, the authors show data in line with the notion that 
the depressed monocyte state is reversed by vaccination. Significant concerns remain that need to 
be addressed before this study is appropriate for Nature: 
1. In figure 1 and related data, bulk FACS and RNA analysis showed an increased monocyte signal in
COVR-M that however disappeared in the CITE-seq analysis, suggesting that that the signature was
mainly driven by cell frequencies. As increased cell frequencies are a biological finding with potential
biological consequences, the authors may be slightly too dismissive about this.
2. The term monocyte signature in 1f and g needs to be filled with more life, as this term per se does

2) The paper keeps switching between BTMs and Hallmark gene sets, unclear to me why. If consistency 
is a possibility, better.

3) Unclear to me where the monocyte signature emerged from (i.e. no direct relation to what is seen in 
acute). I would expect it to have some relation to the acute COVID infection – as in there is some 
continuum in which it appears. Possibly regress by disease severity in acute studies data ? You may see a 
shift a gradual shift in cell state.

4) Why run baseline correlations as a single correlation analysis, rather than take baseline features 
(possibly reduced to only those differing between groups) and perform some form of multi-variate 
regression / lasso analysis to find the predictive features, there may be more than GPR56+ CD8 tcells.

5) Did you see any difference in GPR56+ CD8 tcells between males and females at baseline ?

6) Was there a relation between reversal and the flu titers?

7) Why are we assuming that reversal is a good thing ? Obviously from a flu titer perspective it is not. As 
the authors themselves state in the discussion, it may be a trained immunity type phenotype that ideally 
one would want to keep.

8) The question poised in the last section is “Does the influenza vaccine shift immune states toward 
normal?” (the authors have this even in the figure cartoon). Yet ultimately the answer is limited to 
looking at monocytes, where I suspect a more global perspective would have yielded a much broader of 
this important question view (e.g. dimensionality reduction of cell composition/state?). Moreover I 
would consider switching the visuals of this so that functionality is highlighted (e.g. place genes on KEGG 
nodes). The present heatmaps are not very informative in building a picture in ones mind.



not mean that they are more activated. More generally, when a monocyte cluster has a stronger or 
weaker monocyte signature it is actually not so obvious what this means, it makes more sense in 
mixed populations. Please discuss the genes in there in a bit more detail, as I seem to spot also some 
negative regulators in here. 
3. I see in extended fig. 2b a highly significant negative correlation in the F, with a slope that is
roughly half that of the (positive) slope in M. The authors therefore cannot claim that in F, influenza
infection had no impact, it had the opposite impact of that in M. Please correct these statements
and discuss in the context of your data.
4. Line 175-77 where do you show this data? You only state in the text. Please indicate these genes
in the plot S2b or do a GSEA as in S2c.
5. Line 179-180, "although in general some of these imprints are likely pathogen-dependent": a
politician could not be more vague, what do you mean?
6. The increased IFNg response is intriguing. in S4a, and b, how do these correlations look for HC?
Please add this data and discuss. Also, you mention later (line 315) very much in passing your data
supporting that also NK cells contribute to increased IFNg, please add this data, maybe here or later,
but without this the study is incomplete.
7. Fig S4d, would this be time-correlated with higher n numbers? What does the different direction
of travel of the trends between m and f mean?
8. 3f How would this look for gpr56 neg cells? Please add.
9. Source of IFNg: The extended omics analysis leads the authors to conclude that bystander-
activated GPR56+ CD8 cells whose phenotype is somewhere between EM and TEMRA CD8 cells
produce the early IFNg in an Ag-independent way, rather driven by cytokines. I think it is crucial and
feasible to show the in vitro, stimulating PBMC with the cytokine(s) in question, ideally more than
one cocktail, and stain by icFACS for all CD8 subsets in question, and in addition NK cell (subsets).
This will also the authors to show in a real stimulation experiment that their hypothesis is true, and it
will add data on the NK contribution to early IFNg.
10. For me, the most difficult part is figure 4: As a general comment, I think the figure must contain
data showing how this signature changes in HC over time post vaccination, as the notion of a
reversal of immunodepression makes sense if this signature is not changed in HC, or at least if the
d28 time point shows convergence between COVR and HC samples.
11. In this context, while the discussion comparing your findings to papers talking about "training" is
extensive and can be shortened, I think it is important to mention that the d28 time point is beyond
the expected half life of blood monocytes, so resetting the set-point must happen in precursors or
must be maintained by non-monocyte-intrinsic mechanisms.
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Reviewer Reports on the Second Revision: 

Referees' comments: 

Referee #2 (Remarks to the Author): 

Overall the second revision version of this manuscript is much improved. I feel that although this 
study is still tremendously complex and the many associations somewhat difficult to disentangle the 
authors have done a good job of simplifying things as much as possible without loosing scientific 
rigor. Now the message of a perturbed immune state, induced by mild COVID-19, impacting males 
and females differently upon secondary challenge is more understandable than in previous versions 
of the manuscript. The added data from prior studies suggests generalisable results. My concern 
regarding a possible role for prior immunity to flu still stands and cannot be overcome but I think the 
paper still offers valuable insights into human immune system regulation. I think the discussion of 
these new findings in relation to trained immunity is valuable as I personally consider all of these 
adaptive changes different versions of a similar biological phenomenon. All in all the new paper is 
much improved, the study is unique, technologically well executed and well written. 

Referee #3 (Remarks to the Author): 

The authors have answered all of my questions satisfactorily. I do however wish to convey that they 
should pay additional attention to the following two points: 
1. In many figures the choice to display the significance values in the plots (especially box plots) and
occasionally to show outlier samples has resulted in plots where the effect size appears very small
whereas in fact, much of the y-axis is showing an irrelevant scale. I would re-consider this.
2. In the analysis of monocyte recovery - the majority of the analysis is performed in longitudinally
within each gender, as it should, and shows signal in the females but not the males. If this signal is
also observed cross sectionally within a time point, it would be helpful to strengthen the point (i
suspect it does not).
3. Would be good to check if there a relation (negative ?) between the magnitude of CD8 responses
and ability of monocytes to recover ?

Referee #4 (Remarks to the Author): 

The authors have done a great job incorporating suggestions by me and other referees, and the 
manuscript is improved due to the novel data and analysis. All my major concerns were addressed, 
in particular the in vitro stimulation and IFNg measurement, adding an important wet-lab 
confirmation to the ex vivo analysis presented before. I congratulate the authors for this study!



Point-by-point responses to reviewers 

Reviewer #1: no new comments were received for this round. 

Reviewer #2:  

Overall the second revision version of this manuscript is much improved. I feel that although this study is still 
tremendously complex and the many associations somewhat difficult to disentangle the authors have done a good job 
of simplifying things as much as possible without loosing scientific rigor. Now the message of a perturbed immune state, 
induced by mild COVID-19, impacting males and females differently upon secondary challenge is more understandable 
than in previous versions of the manuscript. The added data from prior studies suggests generalisable results. My 
concern regarding a possible role for prior immunity to flu still stands and cannot be overcome but I think the paper still 
offers valuable insights into human immune system regulation. I think the discussion of these new findings in relation to 
trained immunity is valuable as I personally consider all of these adaptive changes different versions of a similar 
biological phenomenon. All in all the new paper is much improved, the study is unique, technologically well executed 
and well written. 

We thank the reviewer for the positive response and appreciate the feedback from this reviewer that made these 
improvements possible. 

Reviewer #3: 

The authors have answered all of my questions satisfactorily. I do however wish to convey that they should pay 
additional attention to the following two points: 

Thank you and we have addressed the additional suggestions as follows. 

1. In many figures the choice to display the significance values in the plots (especially box plots) and occasionally to show
outlier samples has resulted in plots where the effect size appears very small whereas in fact, much of the y-axis is
showing an irrelevant scale. I would re-consider this.

We show the statistical significance values and individual points in the plots in accordance with the journal’s formatting 
guidelines. We agree that in some of the plots the group differences were more difficult to distinguish visually because 
the y-axis was compressed. We have updated the few plots that the reviewer was likely referring to in order to show the 
effects in a more visually distinguishable manner. In Fig. 1c, we added a break to reduce the gap between the single 



outlier and the rest of the points. For the time trend plots (e.g., in Fig. 4b,c), we changed the style to increase the 
contrast between the boxplot and the individual points. 

2. In the analysis of monocyte recovery - the majority of the analysis is performed in longitudinally within each gender,
as it should, and shows signal in the females but not the males. If this signal is also observed cross sectionally within a
time point, it would be helpful to strengthen the point (i suspect it does not).

The cross-sectional analysis shown below paints a similar picture to the longitudinal analysis included in our manuscript 
in which we see both COVR females and males moved towards the healthy controls after vaccination. Additionally, the 
cross-sectional analysis better illustrates that there is no significant difference between the HC females and males at any 
of the timepoints. Between the COVR females and males, the D1 increase in non-classical monocytes is more prominent 
in COVR-F than in COVR-M, resulting in a significant difference between these two groups at day 1.   

Comparison of innate immune receptor signature among groups at baseline, day 1 and day 28 after influenza 
vaccination. P-values shown are from two-tailed Wilcoxon rank-sum test. 

3. Would be good to check if there a relation (negative ?) between the magnitude of CD8 responses and ability of
monocytes to recover ?

We looked into CD8 EM cells and the GPR56+ EM subset but did not detect a significant correlation between the CD8 
day 1 IFNG changes and the recovery of the monocytes at either D1 or D28. However, there seems to be an association 
between the D0 (baseline, pre-vaccination) IFNG mRNA expression level in CD8 GPR56+ EM cells and day 1 change of the 
innate immune receptor signature in non-classical monocytes. Further analyses are needed to dissect their potential 
relationship, but we hypothesize that the baseline IFNG expression in these EM cells may reflect an overall inflammatory 
state in the COVR individuals that might correlate with how they will respond to future challenges, such as the influenza 
vaccination they received in this study. 



Correlation between day 0 IFNG expression in CD8 GPR56+ EM cells and day 1 change of the innate immune receptor 
signature in non-classical monocytes. Shown are Spearman’s rank correlation and unadjusted p values. 

Reviewer #4:  

The authors have done a great job incorporating suggestions by me and other referees, and the manuscript is improved 
due to the novel data and analysis. All my major concerns were addressed, in particular the in vitro stimulation and IFNg 
measurement, adding an important wet-lab confirmation to the ex vivo analysis presented before. I congratulate the 
authors for this study! 

We are grateful for the excellent recommendations made by the reviewer during the revision process. 


