natureresearch

Peer Review Information

Journal: Nature Immunology

Manuscript Title: Distinct baseline immune characteristics associated with responses to conjugated
and unconjugated pneumococcal polysaccharide vaccines in older adults

Corresponding author name(s): Dr Duygu Ucar

Editorial Notes:

Transferred manuscripts This manuscript has been previously reviewed at another journal that is
not operating a transparent peer review scheme. This document only
contains reviewer comments, rebuttal and decision letters for versions
considered at Nature Immunology

Reviewer Comments & Decisions:
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8th Jun 2023
Dear Duygu,

Thank you for providing a point-by-point response to the referees' concerns on your manuscript
entitled, "Distinct baseline immune characteristics associated with responses to conjugated and
unconjugated pneumococcal polysaccharide vaccines in older adults". As noted previously, while they
find your work of interest, some important points are raised. We are very interested in the possibility of
publishing your study in Nature Immunology. It appears from your response letter that many of the
referees' concerns can be addressed by textual clarifications as well as articulating the limitations of the
current study. | will have to look into whether you can provide the exact donor ages or if a range is
preferred for the donor cohorts.

We therefore invite you to revise your manuscript taking into account all reviewer comments along the
lines proposed in your response letter. Please highlight all changes in the manuscript text file in
Microsoft Word format.
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We are committed to providing a fair and constructive peer-review process. Do not hesitate to contact
us if there are specific requests from the reviewers that you believe are technically impossible or
unlikely to yield a meaningful outcome.

When revising your manuscript:

* Include a “Response to referees” document detailing, point-by-point, how you addressed each referee
comment. If no action was taken to address a point, you must provide a compelling argument. This
response will be sent back to the referees along with the revised manuscript.

* If you have not done so already please begin to revise your manuscript so that it conforms to our
Article format instructions at http://www.nature.com/ni/authors/index.html. Refer also to any
guidelines provided in this letter.

* Please include a revised version of any required reporting checklist. It will be available to referees to
aid in their evaluation of the manuscript goes back for peer review. They are available here:

Reporting summary:
https://www.nature.com/documents/nr-reporting-summary.pdf

When submitting the revised version of your manuscript, please pay close attention to our
href="https://www.nature.com/nature-portfolio/editorial-policies/image-integrity">Digital Image
Integrity Guidelines.</a> and to the following points below:

-- that unprocessed scans are clearly labelled and match the gels and western blots presented in figures.
-- that control panels for gels and western blots are appropriately described as loading on sample
processing controls

-- all images in the paper are checked for duplication of panels and for splicing of gel lanes.

Finally, please ensure that you retain unprocessed data and metadata files after publication, ideally
archiving data in perpetuity, as these may be requested during the peer review and production process
or after publication if any issues arise.

Please use the link below to submit your revised manuscript and related files:

[REDACTED]
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We hope to receive your revised manuscript within six weeks. If you cannot send it within this time,
please let us know. We will be happy to consider your revision so long as nothing similar has been
accepted for publication at Nature Immunology or published elsewhere.

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions
further.

Nature Immunology is committed to improving transparency in authorship. As part of our efforts in this
direction, we are now requesting that all authors identified as ‘corresponding author’ on published
papers create and link their Open Researcher and Contributor Identifier (ORCID) with their account on
the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific community
achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID from
the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For more information
please visit please visit <a
href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>.

We look forward to seeing the revised manuscript and thank you for the opportunity to review your
work.

Kind regards,

Laurie

Laurie A. Dempsey, Ph.D.

Senior Editor

Nature Immunology
|.dempsey@us.nature.com

ORCID: 0000-0002-3304-796X
Referee expertise:

Referee #1: human vaccine responses

Referee #2: human immunology & infectious disease

Referee #3: bacterial/pneumoncoccal infections
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

This paper describes a small clinical study where people > 60 years old were immunized with the
polysaccharide or conjugate pneumococcal vaccine.

The data confirmed both the pneumococcal plain polysaccharide-based vaccine PPSV23, and a protein
conjugate based vaccine PCV13 induced a strong antibody response at day 28.

Transcriptional responses analyzed at day 0 and 60 showed no difference, while those taken at day 10
showed a strong thermoblast and responses in both groups. Interestingly, baseline flow cytometry and
RNA-seq data (bulk and single cell) revealed a novel baseline phenotype that is specifically associated
with weaker PCV13 responses, characterized by i) increased expression of cytotoxicity-associated genes
and increased CD16+ NK frequency; ii) increased Th17 and decreased Th1 cell frequency. Men were
more likely to display this cytotoxic phenotype and mounted weaker responses to PCV13 than women.
Baseline expression levels of a distinct gene set was predictive of PPSV23 responses.

This work has been well designed and conducted. The results support the study conclusions.
Comments

1.This work has been well designed and conducted. The results support the study conclusions. The
number of subjects is small, but the evidence that baseline Th1/Th17/CD16 NK frequencies impact
vaccine response is of interest in the context of vaccinating the elderly.

2.Day 10 is probably not the best time to see the transcriptional response. Indeed, the transcriptional
activities are expected in the first few doses after vaccination.

3.With weaker PCV13 responses, increased Th17 and decreased Th1 cell frequency have been revealed.
A different behavior might be expected in a different target population (e.g., infants post multiple
injections)? Does it confirm previous studied (see Reference 52 and 53)?

4.The authors concluded these findings might also give rise to novel intervention strategies to change
the baseline immune phenotypes to alter the outcome of vaccine responses, e.g., by temporarily
blocking the immunosuppressive or cytolytic functions of CD16+ NK cells prior to vaccination. Can the
authors expand this option more in details?

5.Can the Author comment on baseline characteristics of patient population and whether concomitant
medication might influence the different observed immune responses? (I don’t have access to
supplementary table 1).
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6.Have the Authors investigated whether the reported differences in baseline T cell activation are
impacting memory B cell responses to PCV vaccination at latest time point?

Minor

1.Line 70. “In the US, the current recommendation for adults aged > 65 years is to give a conjugated
vaccine (PCV15/PCV20) followed by PPSV23 at least one year later”. If PCV20 is used, a dose of PPSV23 is
not indicated.

Reviewer #2:

Remarks to the Author:

The authors combine serology, phagocytosis assays (OPA), bulk and single cell RNAseq and cutoff to
present a detailed evaluation of factors that influence antibody responses to the conjugated (PCV) and
unconjugated (PPV) pneumococcal vaccines. Their data indicates that poor response to PCV correlated
with higher age (expected), perhaps male sex, and (the novel findings) high baseline Th17 and CD16+ NK
cell numbers/proportions and a corresponding RNA signature for cytotoxicity genes. The data are all
presented and very extensive, and | found the manuscript of significant interest.

Major issues.
There are two really significant issues with the data interpretation:

1. Although they present males as having worse responses than females this different was not
statistically significant (Figs 1F) although very very close. This makes all the male/female comparisons
further on tricky to fully support. For the male male data has this been adjusted for age? Or at least
what is the median age and range for males v females?

2. There are multiple places in the figures where correlations are shown for PCV to immune data that
are shown not to be present for PPV. However, the data shown in figure 2A suggests there is a
significant plasma blast signature for many of the PPV non-responders; the authors comment on this
and suggest this represents antibody responses to serotypes that they have not analysed in their
serology data, and this is probably true.. However, if so that completely invalidates the ranking for the
PPV recipients (not for the PCV recipients) and means the differences in the immune factors correlated
to good/bad response in PCV versus PPV recipients are also not really valid. The PPV data can be used as
a sort of negative control but | don't think can be interpreted was showing PPV poor responders do not
have the same immune profile as PCV poor responders. This affects multiple aspects of the text and the
figures. They could do the serology for the 10 or so missing serotypes for the PPV recipients; but the
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number of responders is high so may not be enough differential for all the correlations to have adequate
power.

A few less major issues:

1. Can the authors make it clearer how much of the CYTOX signatures associated with poor response
from bulk RNAseq is shown by the scRNAseq to originate from the CD16+ NK cells rather than Th17 etc
2. Some data has negatively correlated NK cell numbers with Th17 CD4s; can the authors discuss more
whether these are two independent markers of poor response or could be functional related and what
mechanisms might be involved?

3. the Th1/17 ratio and age correlation needs to be in figure 3 (and maybe some of the other data eg
NCAM1 expression)

4. One for the statistical editor; are they happy adequate correction for multiple comparisons has been
specifically for correlations between datasets?

Minor issues:
lines 67 — 68 decline with age — this is not unexpected now given the data we have for all other vaccines

lines 69-70 not for improving immunogenicity but for extending range of serotypes covered

lines 110 to 114 could be merged (‘no differences between vaccine group or males versus females
for....")

fig 1b and ¢ why is age a range?

so is rank purely decided on by the OPA data? that is fine but for clarity this needs to be a bit more
explicit perhaps

interesting how many subjects have really poor responses even to PCV - is this due to high baseline
antibody to those serotypes which is perhaps unlikely but needs checking

line 321 this text is too early as pre-gene signature asociations: 'Together these data establish that the
increased frequency of CD16+ NK cells bear the CYTOX signature that is associated with reduced PCV13
responses’

fig 2A and suppl fig 3A some sort of trasnlation of genes for what they encode would be useful

supple fig 6b symbols covered over by p value text

line 376 - should be S. pneumoniae
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Reviewer #3:
Remarks to the Author:
General Comments

At first, | read this paper finding it incremental and confirmatory either of past results or assumptions.
But as | read in more detail, | found many gems hidden in the data and in the text. The study is excellent
and important, but the write-up needs to be expanded and clarified to draw proper attention to the
importance of the work.

Specific Comments

Title: the very important implication of the data that is missing from the title is that men and women
respond differently to vaccine. This should be included in the title and abstract.

Abstract; Needs to draw attention to better PCV13 response in women than men, and underlying
mechanisms.

Intro: | found the repeated reference to T-independent responses to polysaccharide somewhat
irritating. Certainly, this is an immunological definition, derived from animal models, but it is not a
complete description of the response of healthy adult humans to polysaccharide vaccine. It is even mis-
leading as the data in the Results and the subsequent Discussion acknowledge. A proper introduction as
to how PCV and PPV are handled in adults, to include discussion of marginal zone and follicular function
in spleen, is an essential part of this paper that is missing.

Results: The results are very impressive in their rigour and careful analysis. Really detailed descriptions
of both B and T cell function are presented. The immunoglobulin, OPA and plasmablast data might be
somewhat incremental on what has been published before, but the RNA work and the T cell descriptions
are novel, interesting and of translational importance.

Discussion: | would like to see a more comprehensive discussion. It is well known and not cited that PPV
causes an excess of pneumonia (but not death) in vaccinated elderly adults, probably by
immunoglobulin and maybe by B cell depletion. This should be reviewed and discussed. The APC and T-
cell role in both PCV and PPV response should be compared. This will allow a proper appreciation of the
paper. The suggestion of personalised vaccination should be more fully expanded. Would simple
differentiation by gender be enough, or are there additional (simple, available) tests that could pick out
the Th1/Th17 dependent functions described?
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Journal requested comments

Summary of the key results

Older men and women received either PPV or PCV and subsequent immune responses were described
in detail. 1gG to polysaccharides, OPA data, plasmablast frequency and function as well as T-cell
phenotype and function are described in a uniquely comprehensive study.

Originality and significance: if not novel, please include reference

The originality is not in the question that is addressed in this study, but in the extremely detailed
manner in which it is answered. The significance of the paper is a profound translational suggestion that
personalised vaccination may be considerably more effective than the current strategy.

Data & methodology: validity of approach, quality of data, quality of presentation

This study succeeds in being as completely thorough in addressing the question as modern methods will
allow. The data are very, very extensive and the methodology cutting-edge. The data are presented in a
very clear and comprehensive manner.

Appropriate use of statistics and treatment of uncertainties
These seem robust to me, but | would defer to more expert opinion.

Conclusions: robustness, validity, reliability

This is a state-of-the-art paper.

Suggested improvements: experiments, data for possible revision

| have put some suggestions about emphasis, implications and translation in the text; no additions to the
experiments or analysis.

References: appropriate credit to previous work?
I’'ve mentioned the concerns about PPV (not mentioned), the presentation of known immunology
(impaired responses to PPV, T cell role in “T-independent” responses).

Clarity and context: lucidity of abstract/summary, appropriateness of abstract, introduction and
conclusions
(these comments already above).

| Author Rebuttal to Initial comments

Point-by-point response to reviewers’ concerns
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Reviewer #1:
Remarks to the Author:

This paper describes a small clinical study where people > 60 years old were immunized with the
polysaccharide or conjugate pneumococcal vaccine. The data confirmed both the pneumococcal plain
polysaccharide-based vaccine PPSV23, and a protein conjugate-based vaccine PCV13 induced a strong
antibody response at day 28.

Transcriptional responses analyzed at day 0 and 60 showed no difference, while those taken at day 10
showed a strong thermoblast and responses in both groups. Interestingly, baseline flow cytometry and
RNA-seq data (bulk and single cell) revealed a novel baseline phenotype that is specifically associated with
weaker PCV13 responses, characterized by i) increased expression of cytotoxicity-associated genes and
increased CD16+ NK frequency; ii) increased Th17 and decreased Th1l cell frequency. Men were more
likely to display this cytotoxic phenotype and mounted weaker responses to PCV13 than women. Baseline
expression levels of a distinct gene set was predictive of PPSV23 responses.

This work has been well designed and conducted. The results support the study conclusions.
Comments

1. This work has been well designed and conducted. The results support the study conclusions. The number
of subjects is small, but the evidence that baseline Th1/Th17/CD16 NK frequencies impact vaccine
response is of interest in the context of vaccinating the elderly.

Response: We thank the reviewer for appreciating the unique design and the novel clinically relevant
findings of our study.

2. Day 10 is probably not the best time to see the transcriptional response. Indeed, the transcriptional
activities are expected in the first few doses after vaccination.

Response: We agree, it is possible that other time points could have provided more information about the
transcriptional responses to vaccination. The timepoints in our study (baseline, day 1, day 10) were selected
to capture both innate and adaptive immune responses, while also ensuring participant safety, and retention,
as well as adherence to our IRB’s regulations in terms of the maximum volume of blood one can collect
from older adults within a week (550 ml over 8-week period or 69 ml per week). In a previous study
conducted in healthy younger adults, we showed that transcriptional innate responses to PPSV23 peaked at
day 1, whereas adaptive responses peaked at day 7 and remained high until day 14*. We selected day 10 for
this study since it enabled us to collect enough blood at multiple timepoints for the various assays used in

9
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our study, while also capturing adaptive responses. It is possible that in this cohort adaptive responses were
stronger at day 7 compared to day 10, and if additional phlebotomy had been allowed by our IRB,
measurements at that time point might have provided further transcriptional signatures of vaccine
responses. We want to emphasize that little is known about plasmablast responses of older adults in the
context of these vaccines. It would be interesting to study this in the future and compare responses at
multiple earlier timepoints (days 7, 8, 9). Interestingly, in the younger adult cohort?, we had previously
captured a significant innate response at day 1, which we did not observe in this older adult cohort. This
could potentially be due to either already active innate immunity of older adults at baseline and/or the lack
of additional reactivity of their myeloid cells to the pneumococcal vaccine components. In the revised
manuscript, we have clarified the reasons and the necessity behind selecting these timepoints and emphasize
the need to further study innate and adaptive responses of older adults to these vaccines at other time points.
We also stated that we cannot exclude the possibility that timepoints earlier than day 10 might reveal
additional differences.

3. With weaker PCV13 responses, increased Th17 and decreased Th1l cell frequency have been revealed.
A different behavior might be expected in a different target population (e.g., infants post multiple
injections)? Does it confirm previous studied (see Reference 52 and 53)?

Response: We agree with the reviewer that different signatures might be associated with responsiveness to
pneumococcal vaccines across different cohorts. Unfortunately, there are no previous genomic studies
investigating the baseline predictors of these vaccines in any other populations, so it is not possible to assess
the specificity of this signature. However, infants and children respond strongly to these vaccines, unlike
older adults, therefore it is very unlikely that they will have this baseline signature. It is possible that
immuno-compromised donors might have similar signatures, future studies are needed to clarify this. We
further clarified in the manuscript why we focused on this population and discussed in the revised
manuscript the need to conduct similar studies in other cohorts (pages 3, 4 and 21 in the revised
manuscript).

4. The authors concluded these findings might also give rise to novel intervention strategies to change the
baseline immune phenotypes to alter the outcome of vaccine responses, e.g., by temporarily blocking the
immunosuppressive or cytolytic functions of CD16+ NK cells prior to vaccination. Can the authors expand
this option more in details?

Response: Our findings suggest that it could potentially be beneficial to pre-screen older individuals for
their CD16" NK cell frequency and T,1/Tx17 ratio to identify persons who may respond (or not) to PCV13
vaccination. Regarding novel interventions, while NK cell immunotherapy has had a significant impact on
the treatment of human diseases??, short-term NK cell inhibition may be more complicated to achieve*.
Activating receptor blockade or inhibitory receptor ligation, the use of cytokine-mediated NK cell
modulation, or epigenetic remodeling of NK cell effector functions are potential strategies to modulate NK

10
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cell cytotoxicity. However, these intervention strategies are in their infancy and their safety and NK cell-
specificity is not clear. Future work is needed to determine if local or short-term NK cell modulation is a
feasible vaccine adjuvant approach. Although very important for developing new strategies in the long-
term, given the infancy of this field at present, we kept the discussion about modulating NK cell activity
short.

In the meantime, our results strongly suggest that simple clinical assays could be established to stratify
older adults based on baseline CYTOX signature in terms of individual risk. We propose that ultimately
our approach might provide clinical guidance whereby older adults with low baseline CYTOX would be
encouraged to receive PCV13, whereas for individuals with high CYTOX may be more appropriate
PPSV23 (also see response to Reviewer #3, page 14). Such strategies seeking to improve clinical
outcomes by stratifying the heterogeneity of risk and underlying mechanisms lie at the core of the well-
established field of Precision Medicine, or Precision Vaccinology as we articulate in our manuscript. We
expanded on these points in the revised manuscript (page 21).

5. Can the Author comment on baseline characteristics of patient population and whether concomitant
medication might influence the different observed immune responses? (I don’t have access to
supplementary table 1).

Response: Some of these data were provided
in Supplementary Tables Sla and Slb. @ £ b .
Study participants were all older than 60 years " FmAli3R p=018 Al e R =-o‘3;2, p=0.17
of age (average age: 68 years) and were all

pneumococcal-vaccine naive. Furthermore, all

the individuals were non-frail based on Frailty
Index®, and they did not have any potentially
confounding immune diseases. In terms of
treatments, none were taking confounding
treatments (e.g., oral steroids). However, as 0

ox

Number of drugs

expected for this age group, most were on
5 10 15 5 10 15

other widely used medications for common
well-controlled chronic diseases such as
hypertension, and hyperlipidemia (provided in
revised Supplementary Table S1b). We were
also curious about the effects of these
treatments on vaccine responses. However, due
to the heterogeneity in terms of the treatments

PCV13 Rank PPSV23 Rank

Sex ® Women A Men Sex ® Women A Men

Figure L1. Correlation analyses between vaccine responsiveness rank
and the number of medications taken by the donors for the PCV13
cohort (a) and the PPSV23 cohort (b). Note that there is no significant
association for either vaccine.

and the sparsity of donors receiving any specific treatment (20% for the most frequent treatments), we did
not have the statistical power to draw meaningful conclusions about the effects of specific treatments on

11
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vaccine responses. Nonetheless, as commonly done in aging research, we studied whether the number of
concomitant medications taken by participants had any association with vaccine responsiveness (PCV13
Rank and PPSV23 Rank) and showed that there is no significant association (Fig. L1). The detailed
medication history data and these new analyses are included in the revised manuscript (provided in Fig.
s1d and Supplementary Table S1b).

6.Have the Authors investigated whether the reported differences in baseline T cell activation are impacting
memory B cell responses to PCV vaccination at latest time point?

Response: We agree with the reviewer that this is an important question. However, due to limitations in
blood volume we could collect from this population (see above page 2), we could not perform additional
assays to study antigen-specific B cells and their responses in this study. It would be a very interesting
addition to a future study. We have discussed this as a limitation of the current study in the revised
manuscript.

Minor

1.Line 70. “In the US, the current recommendation for adults aged > 65 years is to give a conjugated vaccine
(PCV15/PCV20) followed by PPSV23 at least one year later”. If PCV20 is used, a dose of PPSV23 is not
indicated.

Response: These recommendations have recently changed. We thank the reviewer for catching this, based
on the latest CDC recommendations “All patients above 65 years should be administered either one dose
of PCV20 or a combination of PCV15 followed by PPSV23 at least one year later® ”. We have rewritten
this section accordingly in the revised manuscript (page 4).

Reviewer #2

Remarks to the Author:

The authors combine serology, phagocytosis assays (OPA), bulk and single cell RNAseq and cutoff to
present a detailed evaluation of factors that influence antibody responses to the conjugated (PCV) and
unconjugated (PPV) pneumococcal vaccines. Their data indicates that poor response to PCV correlated
with higher age (expected), perhaps male sex, and (the novel findings) high baseline Th17 and CD16+ NK
cell numbers/proportions and a corresponding RNA signature for cytotoxicity genes. The data are all
presented and very extensive, and | found the revised manuscript of significant interest.

Response: We thank the reviewer for finding our work of significant interest!
12
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Major issues.
There are two really significant issues with the data interpretation:

1. Although they present males as having worse responses than females this different was not statistically
significant (Figs 1F) although very very close. This makes all the male/female comparisons further on tricky
to fully support. For the male male data has this been adjusted for age? Or at least what is the median age
and range for males v females?

Response: We appreciate the reviewer's careful examination of our data. We put extra effort into recruiting
the same number of men and women who are clinically comparable for both vaccine cohorts. Therefore,
men and women cohorts are comparable in terms age distribution, BMI, and Frailty index values (see below
Table L1 and Supplementary Tables S1la and S1b in the revised manuscript) for both arms of the study,
which gave us confidence for the observed sex difference trends. Although the sex differences in PCV13
responses did not reach statistical significance (p=0.079 for Rank in Fig. 1f in the revised manuscript), we
were encouraged by the fact that, for PCV13, 4 out of 5 strong responders were female (with a median
vaccine responsiveness rank of 12 (95% confidence interval [7.38, 15.29]) and 4 out of 5 weak responders
were male (with a median vaccine responsiveness rank of 5.5 (95% confidence interval [3.86, 10.34]). Such
a skew in responsiveness was not observed for PPSV23. Hence, we decided to include these results in our
manuscript. In fact, Reviewer #3 agreed with us and found this observation very interesting.

Our enthusiasm for the observed sex differences further strengthened based on new analyses we have
conducted to study the effects of high baseline titers on vaccine responses. Using a previously published
strategy’, we uncovered donors who have high baseline OPA titers, who are already protected hence non-
informative in terms of understanding vaccine responsiveness. In the PCV13 arm, three donors were
identified as non-informative since they had higher baseline titers for the majority of serotypes.
Interestingly, when the non-informative donors were excluded from our comparisons, the observed sex
differences reached statistical significance for PCV13 (p=0.026 for Rank). We still did not detect any sex
differences in the PPSV23 arm even upon the exclusion of two non-informative donors with high baseline
titers for this group. These new analyses and observations are further explained in the letter (see page 11
in the letter for further details) and included in the revised manuscript (Fig. 6 and Supplementary Table
S9).

Table L1. Cohort level demographics summary for age (in years), BMI, and frailty index. P-values

were calculated using the two-sided t-test for continuous variables, considering each donor parameter
individually. *ns = not significant (p >0.05).
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All Subjects
(n=39)

PCV13
(n=19)

PPSV23
(n=20)

p-value

PCV13
Vs

PPSV23

Age (in years)
Mean + SD (range)

Both 68 + 8 (60-88) 67 + 6 (60-81) 69 + 9 (60-88) ns
Women 68+ 7 (60-88) 67 + 5 (60-75) 67 + 9 (60-88) ns
Men 69+ 9 (60-84) 68 + 7 (60-81) 71 + 10 (60-84) ns
Age
(Women vs. Men) ns ns ns
BMI (in kg/m2)
Mean + SD (range)
Both 26.02 +5.07 2483 +3.77 27.16 +5.94 ns
(19.22-42.95) (19.22-32.86) (21.39-42.95)
Women 24.43 +4.22 23.14 +2.48 25.58 +5.19 ns
(19.22-38.25) (19.22-27.79) (21.39-38.25)
Men 2754 +5.44 26.36 +4.18 28.73 +6.48 ns

(19.52-42.95)

(19.52-32.86)

(22.23-42.95)

BMI (Women vs. Men) ns ns ns
Rockwood Frailty Index
(count/65) Mean + SD
(range)
0.054 + 0.037 0.054 + 0.036 0.053 + 0.034 ns
Both (0.00-0.153) (0.00-0.138) (0.015-0.153)
0.051 + 0.032 0.056 + 0.037 0.046 + 0.027 ns
Women (0.015-0.123) (0.015-0.123) (0.015-0.092)
0.057 + 0.042 0.053 + 0.045 0.061 + 0.041 ns
Men (0.00-0.153) (0.00-0.138) (0.015-0.153)

Rockwood Frailty Index
Women vs. Men

ns

ns

ns
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2. There are multiple places in the figures where correlations are shown for PCV to immune data that are
shown not to be present for PPV.

Response: We have carefully revised the revised manuscript and included the missing correlation plots for
PPSV23 (see new supplementary figures Fig. s6d, e).

However, the data shown in figure 2A suggests there is a significant plasma blast signature for many of the
PPV non-responders; the authors comment on this and suggest this represents antibody responses to
serotypes that they have not analysed in their serology data, and this is probably true. However, if so that
completely invalidates the ranking for the PPV recipients (not for the PCV recipients) and means the
differences in the immune factors correlated to good/bad response in PCV versus PPV recipients are also
not really valid. The PPV data can be used as a sort of negative control, but | don’t think can be interpreted
was showing PPV poor responders do not have the same immune profile as PCV poor responders. This
affects multiple aspects of the text and the figures. They could do the serology for the 10 or so missing
serotypes for the PPV recipients; but the number of responders is high so may not be enough differential
for all the correlations to have adequate power.

Response: We agree with the reviewer. Ideally, we would have quantified responses to all 23 serotypes in
PPSV23. Unfortunately, this was not possible since for a number of reasons (summarized below) we opted
to use OPA assays to quantify vaccine responses. Immune responses to pneumococcal vaccines can be
determined by either measuring antibody levels with ELISA or antibody function with OPA assays. Many
older adults have high antibody levels at baseline prior to vaccination, therefore functional OPA assays
represent a more accurate and more dynamic measure of vaccine responsiveness among older adults®®.
Furthermore, FDA considers OPA assays as the state-of-the-art indicator of bacterial pneumonia vaccine
responses and used only OPA results to license these vaccines®.

In view of all of the above considerations, we decided to use OPA assays in our study. However, this
decision came at a cost in terms of the biological material required to perform this assay. The OPA test
requires large amount of serum for every single tested serotype!. Due to the frequency of the early visits,
participant ages, IRB safety concerns (see above page 2) and samples needed for PBMC profiling, we had
limited material for quantifying vaccine responses. The volume of recovered serum after blood was
processed for other assays varied between 1.3 and 2 mL, which, in the case of some donors, was enough
only for the OPA test for the 13 serotypes studied here. Therefore, unfortunately, due to this logistical
challenge, we are unable to measure the other 10 serotypes using OPA.
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However, we want to emphasize that the 13 serotypes tested here were selected on the basis of being the
most prevalent ones in the community at the time of our study (seasons 2017-2018)*2. In fact, that is the
reason why these specific serotypes are selected for PCV13 vaccine formulation. Therefore, our
quantification closely captures whether these donors are likely to be protected in the “real” world, although
it might not capture the responsiveness to other less prevalent untested serotypes. Also, by quantifying the
shared serotypes, we were able to conduct a side-by-side comparative analysis at the serotype level for these
two vaccines. In the revised manuscript, we have included these
details on the choice of assay and choice of tested serotypes and have
rewritten the results for PPSV23 responses to clarify that our ranking
strategy is restricted to the prevalent serotypes (hence clinical
protection).

[}

R=0.91,p=0.013

o

To further assess the value of our ranking strategy, we found a small
cohort (n=6) where vaccine responses to PPSV23 is quantified using
OPA titers for all 23 serotypes!®. We used these data to compare
ranking of donors based on 13 versus 23 serotypes (details in revised
Methods, page 31), which revealed a strong correlation between these

N

PPSV23 Rank (13Serotypes)

two ranking strategies (Pearson correlation R=0.91, p = 0.013, Fig. 01 : , ,
L2). These new analyses suggest that calculating the responsiveness 2 4 6
based on the 13 serotypes serves as a good proxy to understand overall PPSV23 Rank (23Serotypes)

responsiveness to the PPSV23 vaccine. We have incorporated this
analysis into the revised manuscript (Fig. slg in the revised
manuscript) and acknowledged the fact that we could not quantify
responsiveness to all serotypes, due to the lack of enough biological
material, as a limitation of our study.

Figure L2. Correlation analyses of PPSV23 Rank
derived from all 23 serotypes and the rank derived
from the subset of 13 serotypes used in our study.

A few less major issues:
1. Can the authors make it clearer how much of the CYTOX signatures associated with poor response from
bulk RNAseq is shown by the scRNAseq to originate from the CD16+ NK cells rather than Th17 etc

Response: To address this question, we first calculated a CYTOX score at the single cell resolution using
the average expression of genes that are in the CYTOX module (n=86). The CYTOX score was highest in
NK cell populations followed by the cytotoxic CD8* T cell populations, as would be expected (Fig. L3a).
When we compared the CYTOX score of strong responders (SR) and weak responders (WR) for the
memory CD4* T cell cluster, we did not detect a significant difference (p=0.79). Next, we zoomed into the
memory CD4" T cell cluster and further clustered these cells and uncovered subclusters that express markers
for Tnl, Tn2, Tnl7, Tn22, and central memory cells (Fig. L3b-c). There were no differences between
CYTOX scores of cells from SR and WR in these CD4" memory subsets (Fig. L3e). Furthermore, we did
not detect significant differences between SR and WR in terms of the CYTOX scores for other T cell
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memory subsets including TEMRASs (Fig. L3e). These new analyses, which are included in the revised
manuscript (Fig. s9 in the revised manuscript), further reinforced that the CYTOX signature most likely
stems from the CD16* NK population.
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Figure L3. The CYTOX Signature stems from CD16" NK Cells. a) UMAP representation of PBMCs

derived from 11 PCV13 donors, consisting of 6 strong responders (SR) and 5 weak responders (WR). This
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visualization encompasses 24 clusters from a total of 52,702 cells, each color-coded by their respective
immune cell type. An accompanying feature plot elucidates the CYTOX scores at single cell resolution
using the expression of 86 genes associated with the PCV13 vaccine responsiveness. These 86 genes are a
subset from the CYTOX module which showed a correlation of > 0.5. b) Subclustering of CD4* memory
cells highlight subsets expressing marker genes for CO (central memory like cells), C1 (Tx1 like), C2 (Th22
like), C3(Tnl7 like) and C4 (T2 like). c) Feature plot to show marker gene expression for memory CD4*
subsets. d) A feature plot showing CYTOX score for memory CD4" T cells. ) Comparison of CYTOX
scores for SR and WR for each memory CD4* subset and CD8* TEMRA CTLs. A Wilcoxon Rank sum test
was employed to assess differences in the CYTOX scores between the PCV13 SR and WR across these
CD4 memory subsets and CD8" TEMRA CTLs.

2. Some data has negatively correlated NK cell numbers with Th17 CD4s; can the authors discuss more
whether these are two independent markers of poor response or could be functional related and what
mechanisms might be involved?

Response: We agree that this is an important question. However, current understanding of how NK cells
regulate Ty cell subsets, including Tnl and Tx17 cells, is quite limited, especially in humans. Less than a
handful of papers have examined the role of NK cells in expanding or controlling Tr17 cells in the settings
of autoimmune inflammation, transplantation, pregnancy, or infection'*®® . Generally, NK cells can
modulate Thl7 and Trl cell expansion via IL-17A or IFNg secretion, or by direct killing of activated Ty
cells. Additionally, T cell killing by NK cells is sensitive to Ty cell-secreted IL-2 amounts, and Ty cell
expression of HLA-E (inhibitory), or NKG2D or DNAM-1 ligands (stimulatory). Thus, it is likely that NK
cell regulation of Ty cell expansion is tissue- and disease-specific and mechanistically complex. Due to this
knowledge gap, we limited our discussion to published studies in humans and animal models that have
demonstrated a negative correlation of NK cell activity and antibody titers in vaccination or disease
settings'*1%-22, Future studies are needed to evaluate the magnitude and mechanisms of NK cell regulation
of the Ty cell response in animal models and in humans. This is discussed in the revised manuscript (page
20).

3. the Th1/17 ratio and age correlation need to be in figure 3 (and maybe some of the other data eg NCAM1
expression)

Response: Thank you for this suggestion. We have moved both figures to the corresponding main panels
in the revised manuscript (Fig. 3e and 3h).

4. One for the statistical editor; are they happy adequate correction for multiple comparisons has been
specifically for correlations between datasets?
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Response: Benjamini Hochberg test is used for multiple test correction when needed. We have clarified
this in revised manuscript.

Minor issues:
lines 67 — 68 decline with age — this is not unexpected now given the data we have for all other vaccines

Response: As suggested, we have updated this in the revised manuscript.

lines 69-70 not for improving immunogenicity but for extending range of serotypes covered
lines 110 to 114 could be merged (‘no differences between vaccine group or males versus females for....”)

Response: As suggested, we have merged these lines in the revised manuscript.

fig 1b and ¢ why is age a range?
(give a age and not age range)

Response: We have provided the age ranges based on the Nature Immunology journal guidelines. After
consultations with the journal as well as our IRB office, we now provided the actual age of donors in the
revised manuscript.

so is rank purely decided on by the OPA data? that is fine but for clarity this needs to be a bit more explicit
perhaps

Response: Yes, rank is purely derived from the OPA data using a multivariate approach. This is clarified
in the revised manuscript.

interesting how many subjects have really poor responses even to PCV - is this due to high baseline antibody
to those serotypes which is perhaps unlikely but needs checking. Talk abt if any ?

Response: We conducted comprehensive new analyses to address this interesting question, which is now
included in the manuscript (pages 15-17). Previous studies in pneumococcal vaccines, including ours,
showed that donors with high baseline antibody levels tend to have lower fold increases upon vaccination??,
which was also observed in our cohort (Fig s2a, b). Such donors, who are likely already protected, can
affect conclusion related to vaccine responsiveness and vaccine efficacy. However, identification of non-
informative (high baseline) donors are particularly challenging for bacterial pneumonia vaccines, due to the
variability in serotype baselines (some serotypes have consistently higher baselines for example serotypes
9V, 19A, and 19F in our cohort Fig. 6a) and due to the variability in baseline titer levels among different
cohorts. To overcome this, our team has previously developed a novel analytical strategy’, to bin donors
into three groups based on their immune responses to bacterial pneumonia vaccines: strong responders (low
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baseline, high fold increase in OPA titers), weak responders (low baseline, low fold increase in OPA titers),
and non-informative donors (high baseline titers)”. Using this strategy (Methods described in Page 31),
we identified 10 strong, 6 weak, and 3 non-informative donors in the PCV13 arm and 11 strong, 7 weak,
and 2 non-informative donors in the PPSV23 arm (Supplementary Table S9a and S9b in the revised
manuscript). We repeated all the analyses after excluding donors with the high-baseline titers (non-
informative) and observed that all the associations with vaccine responsiveness (demographic, cellular,
transcriptomic) are still significant and in some instances even stronger (e.g., sex differences). These new
analyses are included in the revised manuscript (Fig. 6, Supplementary Tables S9a and S9b). In addition,
in view of these new analyses, we decided to use the terminology ‘strong’ and ‘weak’ responders throughout
the paper, instead of ‘responders’ and ‘non-responders’.

line 321 this text is too early as pre-gene signature associations: 'Together these data establish that the
increased frequency of CD16+ NK cells bear the CYTOX signature that is associated with reduced PCV13
responses'

Response: These changes are incorporated in the revised manuscript.
fig 2A and suppl fig 3A some sort of translation of genes for what they encode would be useful

Response: We have provided details on proteins encoded by the genes in Fig. 2a and Fig. s3a in the revised
manuscript (provided in Supplementary Table S3K).

supple fig 6b symbols covered over by p value text
Response: This is corrected in the revised manuscript.

line 376 - should be S. pneumoniae
Response: This is corrected in the revised manuscript.
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Reviewer #3:

Remarks to the Author:

General Comments

At first, | read this paper finding it incremental and confirmatory either of past results or assumptions. But
as | read in more detail, | found many gems hidden in the data and in the text. The study is excellent and
important, but the write-up needs to be expanded and clarified to draw proper attention to the importance
of the work.

Response: We thank the reviewer for his/her enthusiasm for our study and for the constructive feedback!
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Specific Comments
1.Title: the very important implication of the data that is missing from the title is that men and women
respond differently to vaccine. This should be included in the title and abstract.

Response: We have highlighted the sex differences in PCV13 responses in the abstract of the revised
manuscript.

2. Abstract; Needs to draw attention to better PCV13 response in women than men, and underlying
mechanisms.

Response: We agree with the reviewer that this is a very exciting finding, however, we were hesitant to
add this to the title and abstract since we were close to the statistical significance cutoff (p = 0.079) but did
not reach it (also pointed out by Reviewer #2). In response to Reviewer #2, we conducted new analyses to
uncover and eliminate donors with high baseline titers since they are already immune and non-informative
for assessing the efficacy of vaccines (see new Fig. 6 in the revised manuscript). With the exclusion of
these non-informative donors, sex differences reached the statistical significance threshold (p=0.026),
hence we included the observed sex differences in PCV13 responses in the abstract (page 2). Since our
study compares responses to both conjugated and unconjugated vaccines, our title highlights the fact that
their baseline predictors are distinct, which we believe is appropriate.

Regarding underlying mechanisms, in our previous cross-sectional studies, we showed that T cells of men
appear to demonstrate an accelerated aging phenotype when compared to women who had been matched
on a variety of clinically relevant criteria 2*. We suspect that these differences in the rate of T cell aging
might be contributing to the observed sex differences in PCV13 responses. We have elaborated this in the
revised manuscript (page 19). Furthermore, in this study, we showed that women may have a benefit over
men since on average they have higher frequency of Tl and lower frequency of Tn17 cells compared to
clinically matched men, which correlated with their improved PCV13 responses. Further research is needed
to uncover the mechanistic reasons behind the sex differences in these T cell populations.

3. Intro: | found the repeated reference to T-independent responses to polysaccharide somewhat irritating.
Certainly, this is an immunological definition, derived from animal models, but it is not a complete
description of the response of healthy adult humans to polysaccharide vaccine. It is even mis-leading as the
data in the Results and the subsequent Discussion acknowledge. A proper introduction as to how PCV and
PPV are handled in adults, to include discussion of marginal zone and follicular function in spleen, is an
essential part of this paper that is missing.
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Response: We agree with the reviewer and have dropped references to T-independent responses; indeed,
our data suggest that PPSV23 is also affecting ICOS* Tth cells. In addition, we also included a detailed
paragraph (copied below) in the revised manuscript (pages 2,3) to further elaborate on this.

“PCV13, a polysaccharide-conjugated pneumococcal vaccine, induces T cell-dependent activation and
expansion of B2 follicular cells, promoting the generation of memory B cells and the differentiation of
long-lived plasma cells®. In contrast, PPSV23 consists of unconjugated pneumococcal polysaccharides,
which are usually classified as type 2 T cell-independent antigens based on studies performed in mice and
are able to induce primary antibody responses in the absence of CD4* T cell collaboration?®. It has been
shown that responses to unconjugated polysaccharides are predominantly mediated by the activation of a
specific subset of IgM* B cells, named marginal zone B cells (MZ). These cells harbor a memory-like
phenotype (IgM*IgD*CD27") displaying hypermutated immunoglobulin genes and showing a high
expression of the complement receptor 2 (CD21)%"?, MZ B cells are not fully mature in newborns and
children under 2 years old, a reason that might explain the failure of unconjugated polysaccharide vaccines
to elicit adequate immune responses in this population?”?*3L, Interestingly, older adults show a marked
decrease in the percentages of total memory B cells and MZ B cells, suggesting an association between
their decline and poorer serological responses against polysaccharide antigens®. Upon activation, MZ B
cells terminally differentiate into IgM, 1gG, and IgA-secreting plasma cells®*2*. Although evidence
indicates MZ B cell activation and IgM production are T cell-independent, it is possible that 1gG and IgA
class switching might rely on the presence of noncognate T cells that secrete IL-21 and/or trigger the
CD40/CD40L signaling axis®.”

4. Results: The results are very impressive in their rigour and careful analysis. Really detailed descriptions
of both B and T cell function are presented. The immunoglobulin, OPA and plasmablast data might be
somewhat incremental on what has been published before, but the RNA work and the T cell descriptions
are novel, interesting and of translational importance.

Response: We thank the reviewer for appreciating our work and its translational significance!

5. Discussion: | would like to see a more comprehensive discussion. It is well known and not cited that PPV
causes an excess of pneumonia (but not death) in vaccinated elderly adults, probably by immunoglobulin
and maybe by B cell depletion. This should be reviewed and discussed.

Response: We agree with the reviewer and have expanded the discussion in the revised manuscript (pages
20,21). We are aware of the observation that capsular polysaccharidic antigens in pneumococcal vaccines
can neutralize pre-existing antibodies or paralyze B cells, potentially rendering a vaccinee more susceptible
to infections®>-%". This could theoretically contribute to an increased incidence of pneumonia (though not
death) in vaccinated older adults. Nonetheless, PCV has shown to effectively prevent pneumococcal
pneumonia and invasive pneumococcal disease in older adults at the population level and in large clinical
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trials®®3°. A meta-analysis of 18 randomized trials and over 64,500 individuals found that pneumococcal
polysaccharide vaccines reduce the risk of both invasive pneumococcal disease and noninvasive
pneumococcal pneumonia®. Furthermore, the widespread use of PCV in children prior to its use in older
adults has resulted in a decline in the prevalence of certain pneumococcal strains causing pneumonia in the
older adult population.

The APC and T-cell role in both PCV and PPV response should be compared. This will allow a proper
appreciation of the paper.

Response: In flow cytometry data, we quantified cDC1, DC2, pDC cell subsets longitudinally along with
B and T cell subsets. However, we didn't detect significant changes upon vaccination or significant
association with PCV13 and PPSV23 responsiveness at the baseline in these subsets (Fig. 3b in the revised
manuscript) for either vaccine. The only cell type for which we detected a significant change upon
vaccination was ICOS* T, cells, the frequency of which increased at day 10 for both vaccines (Fig. 3a
bottom panel in the revised manuscript). In single cell RNA-seq data, we detected DC subsets (monoDC,
cDC1, DC2, and pDC), as well as B, CD4* and CD8" T cell subsets. Among these subsets, only naive CD8*
T cells were significantly different between strong and weak responders (p=0.03), where strong responders
had more naive CD8" T cells, likely due to the effects of aging on vaccine responses. We have included
and discussed these results in the revised manuscript (pages 11,13).

The suggestion of personalised vaccination should be more fully expanded. Would simple differentiation
by gender be enough, or are there additional (simple, available) tests that could pick out the Th1/Thl7
dependent functions described?

Response: This is one of the major findings of our study and we have expanded this section in the revised
manuscript (page 21). In summary, we believe that it will be feasible to establish simple blood-based
clinical assays to assess whether an individual has the CYTOX signature. For example, it is feasible to
quantify the baseline expression levels of NCAM1 using gRT-PCR or to quantify the baseline % of CD16*
NK, Tl and Tn17 cells using flow cytometry. Although our study suggested that men are more likely to
have the CYTOX signature, there are exceptions to this rule, so it will be more precise to assess the CYTOX
signature with these simple assays prior to vaccination rather than stratifying the population based on only
biological sex. We also observed that the CYTOX signature only affects responsiveness to PCV13, so
donors with high CYTOX signature (e.g., high NCAML1 expression) are more likely to benefit from the
PPSV23 vaccine.

In sum, an effective simple strategy is to stratify the population based on the CYTOX signature. Ultimately,
these tests could provide this information in a “Point of Care” manner, thus permitting clinicians to act on
such information within the context of a clinical encounter. Donors with low CYTOX would then be
encouraged to receive PCV13, whereas donors with high CYTOX would be more likely to benefit from
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PPSV23. Furthermore, as noted in our responses to Reviewer #1, such strategies seeking to improve clinical
outcomes by stratifying the heterogeneity of risk and underlying mechanisms lie at the core of Precision
Medicine or Precision Vaccinology.

Journal requested comments

Summary of the key results

Older men and women received either PPV or PCV and subsequent immune responses were described in
detail. 1gG to polysaccharides, OPA data, plasmablast frequency and function as well as T-cell phenotype
and function are described in a uniquely comprehensive study.

Originality and significance: if not novel, please include reference

The originality is not in the question that is addressed in this study, but in the extremely detailed manner in
which it is answered. The significance of the paper is a profound translational suggestion that personalised
vaccination may be considerably more effective than the current strategy.

Data & methodology: validity of approach, quality of data, quality of presentation

This study succeeds in being as completely thorough in addressing the question as modern methods will
allow. The data are very, very extensive and the methodology cutting-edge. The data are presented in a very
clear and comprehensive manner.

Appropriate use of statistics and treatment of uncertainties
These seem robust to me, but | would defer to more expert opinion.

Conclusions: robustness, validity, reliability

This is a state-of-the-art paper.

Suggested improvements: experiments, data for possible revision

I have put some suggestions about emphasis, implications and translation in the text; no additions to the
experiments or analysis.

References: appropriate credit to previous work?
I’ve mentioned the concerns about PPV (not mentioned), the presentation of known immunology (impaired
responses to PPV, T cell role in “T-independent” responses).

Clarity and context: lucidity of abstract/summary, appropriateness of abstract, introduction and conclusions
(these comments already above).
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Decision Letter, first revision:
15th Oct 2023

Dear Duygu,

Thank you for submitting your revised manuscript "Distinct baseline immune characteristics associated
with responses to conjugated and unconjugated pneumococcal polysaccharide vaccines in older
adults" (NI-A35702A). It has now been seen by two of the original referees and their comments are
below. The reviewers find that the paper has improved in revision, and therefore we'll be happy in
principle to publish it in Nature Immunology, pending minor revisions to comply with our editorial and
formatting guidelines.

We will now perform detailed checks on your paper and will send you a checklist detailing our editorial
and formatting requirements in about a week. Please do not upload the final materials and make any
revisions until you receive this additional information from us.

If you had not uploaded a Word file for the current version of the manuscript, we will need one before
beginning the editing process; please email that to immunology@us.nature.com at your earliest
convenience.

Thank you again for your interest in Nature Immunology Please do not hesitate to contact me if you
have any questions.

Kind regards,

Laurie

Laurie A. Dempsey, Ph.D.
Senior Editor

Nature Immunology
|.dempsey@us.nature.com
ORCID: 0000-0002-3304-796X

Reviewer #2 (Remarks to the Author):

The authors have made great efforts to address my (and the other reviewers') comments. I think they
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have successfully addressed the points raised (specifically the male / female difference and ability to
identify weak/strong responders for PPV23 group).

Reviewer #3 (Remarks to the Author):

Review of R1
This paper is a clear and comprehensive comparison of the immunological response to PPV and PCV in
elderly people.

This comparison has been done before, but never in such a complete and in-depth manner. The very
extensive analyses are presented in a clear and comprehensive manner, allowing translational
conclusions to be drawn.

The data are compelling, the analysis clear and complete.

The conclusion is robust, with a clear description of the similarity and differences between the two
vaccine responses.

One suggestion for an added discussion - are the baseline differences in the responder groups likely to
be constitutive or a temporary response to recent infection? This would affect the translational
implication and so if there are reasons to suspect that they are not transitory, these should be drawn
out.

I also have a few minor comments/typos for revision.

Line 55 "were FDA" (past tense)

Line 84 insert "against IPD" for clarity

Line 532, 536 and 598 missing prepositions (the, the, a respectively)
line 609 polysaccharide

The references might benefit from the work of Neil French (not the reviewer!) in describing the
response to vaccine in people with HIV (core papers in Lancet and NEJM ) as this is an
immunocompromised group with a very stark difference in response to PPV (harm) and PCV (benefit).
I would not insist on this point if the authors and editors feel differently.

Clarity and context: Now a very clear TI explanation in the introduction and discussion, thank you.

‘ Final Decision Letter:
Dear Duygu,

I am delighted to accept your manuscript entitled "Distinct baseline immune characteristics associated
with responses to conjugated and unconjugated pneumococcal polysaccharide vaccines in older
adults" for publication in an upcoming issue of Nature Immunology.

Over the next few weeks, your paper will be copyedited to ensure that it conforms to Nature
Immunology style. Once your paper is typeset, you will receive an email with a link to choose the
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appropriate publishing options for your paper and our Author Services team will be in touch regarding
any additional information that may be required.

After the grant of rights is completed, you will receive a link to your electronic proof via email with a
request to make any corrections within 48 hours. If, when you receive your proof, you cannot meet
this deadline, please inform us at rjsproduction@springernature.com immediately.

You will not receive your proofs until the publishing agreement has been received through our system.

Due to the importance of these deadlines, we ask that you please let us know now whether you will be
difficult to contact over the next month. If this is the case, we ask you provide us with the contact
information (email, phone and fax) of someone who will be able to check the proofs on your behalf,
and who will be available to address any last-minute problems.

Acceptance is conditional on the data in the manuscript not being published elsewhere, or announced
in the print or electronic media, until the embargo/publication date. These restrictions are not
intended to deter you from presenting your data at academic meetings and conferences, but any
enquiries from the media about papers not yet scheduled for publication should be referred to us.

Please note that <i>Nature Immunology</i> is a Transformative Journal (TJ). Authors may publish
their research with us through the traditional subscription access route or make their paper
immediately open access through payment of an article-processing charge (APC). Authors will not be
required to make a final decision about access to their article until it has been accepted. <a
href="https://www.springernature.com/gp/open-research/transformative-journals">Find out more
about Transformative Journals</a>.

Authors may need to take specific actions to achieve <a
href="https://www.springernature.com/gp/open-research/funding/policy-compliance-
faqs"> compliance</a> with funder and institutional open access mandates. If your research
is supported by a funder that requires immediate open access (e.g. according to <a
href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S principles</a>)
then you should select the gold OA route, and we will direct you to the compliant route where
possible. For authors selecting the subscription publication route, the journal’s standard licensing
terms will need to be accepted, including <a href="https://www.springernature.com/gp/open-
research/policies/journal-policies">self-archiving policies</a>. Those licensing terms will supersede
any other terms that the author or any third party may assert apply to any version of the manuscript.

If you have any questions about our publishing options, costs, Open Access requirements, or our legal
forms, please contact ASJournals@springernature.com

Your paper will be published online soon after we receive your corrections and will appear in print in
the next available issue. Content is published online weekly on Mondays and Thursdays, and the
embargo is set at 16:00 London time (GMT)/11:00 am US Eastern time (EST) on the day of
publication. Now is the time to inform your Public Relations or Press Office about your paper, as they
might be interested in promoting its publication. This will allow them time to prepare an accurate and
satisfactory press release. Include your manuscript tracking number (NI-A35702B) and the name of
the journal, which they will need when they contact our office.
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About one week before your paper is published online, we shall be distributing a press release to news
organizations worldwide, which may very well include details of your work. We are happy for your
institution or funding agency to prepare its own press release, but it must mention the embargo date
and Nature Immunology. Our Press Office will contact you closer to the time of publication, but if you
or your Press Office have any enquiries in the meantime, please contact press@nature.com.

Also, if you have any spectacular or outstanding figures or graphics associated with your manuscript -
though not necessarily included with your submission - we'd be delighted to consider them as
candidates for our cover. Simply send an electronic version (accompanied by a hard copy) to us with a
possible cover caption enclosed.

To assist our authors in disseminating their research to the broader community, our SharedIt initiative
provides you with a unique shareable link that will allow anyone (with or without a subscription) to
read the published article. Recipients of the link with a subscription will also be able to download and
print the PDF.

As soon as your article is published, you will receive an automated email with your shareable link.

You can now use a single sign-on for all your accounts, view the status of all your manuscript
submissions and reviews, access usage statistics for your published articles and download a record of
your refereeing activity for the Nature journals.

If you have not already done so, we strongly recommend that you upload the step-by-step protocols
used in this manuscript to the Protocol Exchange. Protocol Exchange is an open online resource that
allows researchers to share their detailed experimental know-how. All uploaded protocols are made
freely available, assigned DOIs for ease of citation and fully searchable through nature.com. Protocols
can be linked to any publications in which they are used and will be linked to from your article. You
can also establish a dedicated page to collect all your lab Protocols. By uploading your Protocols to
Protocol Exchange, you are enabling researchers to more readily reproduce or adapt the methodology
you use, as well as increasing the visibility of your protocols and papers. Upload your Protocols at
www.nature.com/protocolexchange/. Further information can be found at
www.nature.com/protocolexchange/about .

Please note that we encourage the authors to self-archive their manuscript (the accepted version
before copy editing) in their institutional repository, and in their funders' archives, six months after
publication. Nature Portfolio recognizes the efforts of funding bodies to increase access of the research
they fund, and strongly encourages authors to participate in such efforts. For information about our
editorial policy, including license agreement and author copyright, please visit
www.nature.com/ni/about/ed_policies/index.html

An online order form for reprints of your paper is available at <a
href="https://www.nature.com/reprints/author-
reprints.html">https://www.nature.com/reprints/author-reprints.html</a>. Please let your coauthors
and your institutions' public affairs office know that they are also welcome to order reprints by this
method.

Kind regards,
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