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Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 
 
It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 
 
   Is it accessible? 
   Yes 
 
   Is it clear?  
   Yes 
 
   Is it adequate?  
   Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Comments to the Author 
This is an interesting paper, accounting for variation in microbiome composition as a 
consequence of feeding and birth practice.  
 
The paper is relatively easy to follow, for a mathematically literate biologist.  The methods are 
clearly explained, and I have not particular comments on the results or the discussion. I do have 
one small question about the assumptions in the extended model, specifically, the immune 
clearance rates of Bifidobacteria and commensals, mu_b and mu_c, respectively.  Why is it 
assumed that mu_b<mu_c?  If anything, I would have thought that, biologically, the immune 
response generated by Bifidobacteria would mean that mu_b>mu_c. 
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Accept with minor revision (please list in comments) 
 
Scientific importance: Is the manuscript an original and important contribution to its field? 
Good 
 
General interest: Is the paper of sufficient general interest? 
Good 
 
Quality of the paper: Is the overall quality of the paper suitable? 
Good 
 
Is the length of the paper justified?  
Yes 
 
Should the paper be seen by a specialist statistical reviewer?  
No 
 
Do you have any concerns about statistical analyses in this paper? If so, please specify them 
explicitly in your report. 
No 
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It is a condition of publication that authors make their supporting data, code and materials 
available - either as supplementary material or hosted in an external repository. Please rate, if 
applicable, the supporting data on the following criteria. 

   Is it accessible? 
   Yes 

   Is it clear? 
   Yes 

   Is it adequate? 
   Yes 

Do you have any ethical concerns with this paper? 
No 

Comments to the Author 
See attached file. (See Appendix A) 

Decision letter (RSPB-2020-1810.R0) 

03-Nov-2020 

Dear Ms XIONG: 

Your manuscript has now been peer reviewed and the reviews have been assessed by an 
Associate Editor. The reviewers’ comments (not including confidential comments to the Editor) 
and the comments from the Associate Editor are included at the end of this email for your 
reference. As you will see, the reviewers and the Associate Editor have raised some concerns with 
your manuscript and we would like to invite you to revise your manuscript to address them. 

We do not allow multiple rounds of revision so we urge you to make every effort to fully address 
all of the comments at this stage. If deemed necessary by the Associate Editor, your manuscript 
will be sent back to one or more of the original reviewers for assessment. If the original reviewers 
are not available we may invite new reviewers. Please note that we cannot guarantee eventual 
acceptance of your manuscript at this stage. 

To submit your revision please log into http://mc.manuscriptcentral.com/prsb and enter your 
Author Centre, where you will find your manuscript title listed under "Manuscripts with 
Decisions." Under "Actions”, click on "Create a Revision”. Your manuscript number has been 
appended to denote a revision. 

When submitting your revision please upload a file under "Response to Referees" - in the "File 
Upload" section. This should document, point by point, how you have responded to the 
reviewers’ and Editors’ comments, and the adjustments you have made to the manuscript. We 
require a copy of the manuscript with revisions made since the previous version marked as 
‘tracked changes’ to be included in the ‘response to referees’ document. 

Your main manuscript should be submitted as a text file (doc, txt, rtf or tex), not a PDF. Your 
figures should be submitted as separate files and not included within the main manuscript file. 
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When revising your manuscript you should also ensure that it adheres to our editorial policies 
(https://royalsociety.org/journals/ethics-policies/). You should pay particular attention to the 
following: 
 
Research ethics: 
If your study contains research on humans please ensure that you detail in the methods section 
whether you obtained ethical approval from your local research ethics committee and gained 
informed consent to participate from each of the participants. 
 
Use of animals and field studies: 
If your study uses animals please include details in the methods section of any approval and 
licences given to carry out the study and include full details of how animal welfare standards 
were ensured. Field studies should be conducted in accordance with local legislation; please 
include details of the appropriate permission and licences that you obtained to carry out the field 
work. 
 
Data accessibility and data citation: 
It is a condition of publication that you make available the data and research materials 
supporting the results in the article. Please see our Data Sharing Policies 
(https://royalsociety.org/journals/authors/author-guidelines/#data). Datasets should be 
deposited in an appropriate publicly available repository and details of the associated accession 
number, link or DOI to the datasets must be included in the Data Accessibility section of the 
article (https://royalsociety.org/journals/ethics-policies/data-sharing-mining/). Reference(s) to 
datasets should also be included in the reference list of the article with DOIs (where available). 
 
In order to ensure effective and robust dissemination and appropriate credit to authors the 
dataset(s) used should also be fully cited and listed in the references. 
 
If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so 
you can submit your data via this link 
http://datadryad.org/submit?journalID=RSPB&manu=(Document not available), which will 
take you to your unique entry in the Dryad repository. 
 
If you have already submitted your data to dryad you can make any necessary revisions to your 
dataset by following the above link. 
 
For more information please see our open data policy http://royalsocietypublishing.org/data-
sharing. 
 
Electronic supplementary material: 
All supplementary materials accompanying an accepted article will be treated as in their final 
form. They will be published alongside the paper on the journal website and posted on the online 
figshare repository. Files on figshare will be made available approximately one week before the 
accompanying article so that the supplementary material can be attributed a unique DOI. Please 
try to submit all supplementary material as a single file. 
 
Online supplementary material will also carry the title and description provided during 
submission, so please ensure these are accurate and informative. Note that the Royal Society will 
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that 
the supplementary material includes the paper details (authors, title, journal name, article DOI). 
Your article DOI will be 10.1098/rspb.[paper ID in form xxxx.xxxx e.g. 10.1098/rspb.2016.0049]. 
 
Please submit a copy of your revised paper within three weeks. If we do not hear from you 
within this time your manuscript will be rejected. If you are unable to meet this deadline please 
let us know as soon as possible, as we may be able to grant a short extension. 
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Thank you for submitting your manuscript to Proceedings B; we look forward to receiving your 
revision. If you have any questions at all, please do not hesitate to get in touch. 

Best wishes, 
Professor Hans Heesterbeek   
mailto: proceedingsb@royalsociety.org 

Associate Editor 
Board Member: 1 
Comments to Author: 
It was difficult to find reviewers at the moment so the review process took longer than usual. The 
reviewers agree that this is a good piece of modelling work but ask some questions about the 
modelling assumptions that should be (briefly) addressed in a revised version - likely by giving a 
little extra discussion of how the model was built. 

Reviewer(s)' Comments to Author: 

Referee: 1 

Comments to the Author(s) 
This is an interesting paper, accounting for variation in microbiome composition as a 
consequence of feeding and birth practice. 

The paper is relatively easy to follow, for a mathematically literate biologist.  The methods are 
clearly explained, and I have not particular comments on the results or the discussion. I do have 
one small question about the assumptions in the extended model, specifically, the immune 
clearance rates of Bifidobacteria and commensals, mu_b and mu_c, respectively.  Why is it 
assumed that mu_bmu_c. 

Referee: 2 
Comments to the Author(s) 
See attached file 

Author's Response to Decision Letter for (RSPB-2020-1810.R0) 

See Appendix B. 

Decision letter (RSPB-2020-1810.R1) 

07-Dec-2020 

Dear Ms XIONG 

I am pleased to inform you that your manuscript RSPB-2020-1810.R1 entitled "Modelling the 
effect of birth and feeding modes on the development of human gut microbiota" has been 
accepted for publication in Proceedings B. 

The Associate Editor has recommended publication, but also remarks on the referencing in your 
manuscript. Indeed, all references in the text are '?', indicating that perhaps you forgot to run 
Bibtex, or did not run Latex twice, before uploading the revised manuscript. Please check what 
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has happened and revise accordingly. Because the schedule for publication is very tight, it is a 
condition of publication that you submit the revised version of your manuscript within 7 days. If 
you do not think you will be able to meet this date please let us know. 
 
To revise your manuscript, log into https://mc.manuscriptcentral.com/prsb and enter your 
Author Centre, where you will find your manuscript title listed under "Manuscripts with 
Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been 
appended to denote a revision. You will be unable to make your revisions on the originally 
submitted version of the manuscript. Instead, revise your manuscript and upload a new version 
through your Author Centre. 
 
When submitting your revised manuscript, you will be able to respond to the comments made by 
the referee(s) and upload a file "Response to Referees". You can use this to document any changes 
you make to the original manuscript. We require a copy of the manuscript with revisions made 
since the previous version marked as ‘tracked changes’ to be included in the ‘response to referees’ 
document. 
 
Before uploading your revised files please make sure that you have: 
 
1) A text file of the manuscript (doc, txt, rtf or tex), including the references, tables (including 
captions) and figure captions. Please remove any tracked changes from the text before 
submission. PDF files are not an accepted format for the "Main Document". 
 
2) A separate electronic file of each figure (tiff, EPS or print-quality PDF preferred). The format 
should be produced directly from original creation package, or original software format. 
PowerPoint files are not accepted. 
 
3) Electronic supplementary material: this should be contained in a separate file and where 
possible, all ESM should be combined into a single file. All supplementary materials 
accompanying an accepted article will be treated as in their final form. They will be published 
alongside the paper on the journal website and posted on the online figshare repository. Files on 
figshare will be made available approximately one week before the accompanying article so that 
the supplementary material can be attributed a unique DOI. 
 
Online supplementary material will also carry the title and description provided during 
submission, so please ensure these are accurate and informative. Note that the Royal Society will 
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that 
the supplementary material includes the paper details (authors, title, journal name, article DOI). 
Your article DOI will be 10.1098/rspb.[paper ID in form xxxx.xxxx e.g. 10.1098/rspb.2016.0049]. 
 
4) A media summary: a short non-technical summary (up to 100 words) of the key 
findings/importance of your manuscript. 
 
5) Data accessibility section and data citation 
It is a condition of publication that data supporting your paper are made available either in the 
electronic supplementary material or through an appropriate repository. 
 
In order to ensure effective and robust dissemination and appropriate credit to authors the 
dataset(s) used should be fully cited. To ensure archived data are available to readers, authors 
should include a ‘data accessibility’ section immediately after the acknowledgements section. 
This should list the database and accession number for all data from the article that has been 
made publicly available, for instance: 
• DNA sequences: Genbank accessions F234391-F234402 
• Phylogenetic data: TreeBASE accession number S9123 
• Final DNA sequence assembly uploaded as online supplemental material 
• Climate data and MaxEnt input files: Dryad doi:10.5521/dryad.12311 
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NB. From April 1 2013, peer reviewed articles based on research funded wholly or partly by 
RCUK must include, if applicable, a statement on how the underlying research materials – such 
as data, samples or models – can be accessed. This statement should be included in the data 
accessibility section. 
 
If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so 
you can submit your data via this link 
http://datadryad.org/submit?journalID=RSPB&amp;manu=(Document not available) which 
will take you to your unique entry in the Dryad repository. If you have already submitted your 
data to dryad you can make any necessary revisions to your dataset by following the above link. 
Please see https://royalsociety.org/journals/ethics-policies/data-sharing-mining/ for more 
details. 
 
6) For more information on our Licence to Publish, Open Access, Cover images and Media 
summaries, please visit https://royalsociety.org/journals/authors/author-guidelines/. 
 
Once again, thank you for submitting your manuscript to Proceedings B and I look forward to 
receiving your revision. If you have any questions at all, please do not hesitate to get in touch. 
 
Sincerely, 
Professor Hans Heesterbeek 
Editor, Proceedings B 
mailto:proceedingsb@royalsociety.org 
 
 
 

Decision letter (RSPB-2020-1810.R2) 
 
09-Dec-2020 
 
Dear Ms XIONG 
 
I am pleased to inform you that your manuscript entitled "Modelling the effect of birth and 
feeding modes on the development of human gut microbiota" has been accepted for publication 
in Proceedings B. 
 
You can expect to receive a proof of your article from our Production office in due course, please 
check your spam filter if you do not receive it. PLEASE NOTE: you will be given the exact page 
length of your paper which may be different from the estimation from Editorial and you may be 
asked to reduce your paper if it goes over the 10 page limit. 
 
If you are likely to be away from e-mail contact please let us know.  Due to rapid publication and 
an extremely tight schedule, if comments are not received, we may publish the paper as it stands. 
 
If you have any queries regarding the production of your final article or the publication date 
please contact procb_proofs@royalsociety.org 
 
Your article has been estimated as being 10 pages long. Our Production Office will be able to 
confirm the exact length at proof stage. 
 
Open Access 
You are invited to opt for Open Access, making your freely available to all as soon as it is ready 
for publication under a CCBY licence. Our article processing charge for Open Access is £1700. 
Corresponding authors from member institutions 
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(http://royalsocietypublishing.org/site/librarians/allmembers.xhtml) receive a 25% discount to 
these charges. For more information please visit http://royalsocietypublishing.org/open-access. 
 
Paper charges 
An e-mail request for payment of any related charges will be sent out shortly. The preferred 
payment method is by credit card; however, other payment options are available. 
 
Electronic supplementary material: 
All supplementary materials accompanying an accepted article will be treated as in their final 
form. They will be published alongside the paper on the journal website and posted on the online 
figshare repository. Files on figshare will be made available approximately one week before the 
accompanying article so that the supplementary material can be attributed a unique DOI. 
 
You are allowed to post any version of your manuscript on a personal website, repository or 
preprint server. However, the work remains under media embargo and you should not discuss it 
with the press until the date of publication. Please visit https://royalsociety.org/journals/ethics-
policies/media-embargo for more information. 
 
Thank you for your fine contribution.  On behalf of the Editors of the Proceedings B, we look 
forward to your continued contributions to the Journal. 
 
Sincerely, 
Proceedings B 
mailto: proceedingsb@royalsociety.org 
 
 



Report on Modelling the effect of birth and feeding modes on the development of
human gut microbiota

Scientists have learned a great deal about the effects of our gut micro-flora on human health
in recent decades. Yet much is unknown. For example, how does it initialize and what are the
effects of a C-section verses a natural birth and what are the effects of formula feeding rather than
breast feeding. The medical literature appears to be contradictory on these issues. The authors
construct very simple mathematical models of Lotka-Volterra type to explore these issues. The
simplest model involves competition among two strains of Bifidobacteria (here labeled B1 and B2)
and a generic commensal bacteria, labeled C. B1 is fed with supplied breast milk the amount of
which declines exponentially and therefore B1 goes extinct; before doing so, its digestion of breast
milk augments the growth rate of B2 via cross-feeding. An extended model takes account of the
effects of an immune response against the bacteria stimulated by B1.

A strength of the paper is that some of the contradictory results reported in the literature can
be mimicked in the observed dynamics of the model under appropriate parameter regimes.

While I have some reservations about some modeling assumptions and parameter choices, to be
described below, I believe the authors have made an interesting and possibly useful contribution
and therefore I recommend publication of a suitably revised version.

My main complaint is that very little motivation is given for some modeling assumptions, the
choice of parameters, and initial data for the models. For such crude models, this may be expected.
However, very little attempt is made to explore the dynamical consequences of alternative choices
for parameters and initial data. See below for details.

Technical Issues:

For the competition model, what biological motivation can be given for the assumptions αc > 1
and f3 ≫ f2; why not maintain equality in the latter unless there is evidence supporting it. The
main issue with the competition model is whether the competition between B and C is stronger
or weaker (α > 1 or α < 1) than intra-specific competition. This choice dictates which of the
outcomes of Figure 3 prevail. The authors need to address this point from a biological perspective
head on. The outcomes displayed in Figure 2 depend on the choice α = 2; it would be reasonable
to provide a similar plot in the case that α < 1.

The extended model involving the immune component. It seems strange that the authors assume
that the immune response rate is a multiple of the milk-digesting B1 alone instead of some linear
combination of B1,B2 and C, while simultaneously assuming that the dominant effect of immune
response is to depress commensals C (µc > µb). Is there some biological evidence for these two
separate modeling decisions?

It is clear that B1 tends to zero exponentially fast and this implies that M is uniformly bounded
for positive time. Therefore, the effect of immune response on bacteria is relatively muted. If
instead, the immune response rate were some linear combination of the bacterial types then M
would grow linearly with time and then it is easy to see that all variables in the extended model
would go extinct. Thus, I see a mathematical reason why the authors chose to assume that the
immune response rate is a multiple of the milk-digesting B only. Many modelers assume that the
immune response is dampened in the absence of stimulation. An alternative model might have the
form Ṁ = a1B1 + a2B2 + a3B3 − µM although this introduces another parameter µ.

1
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The Editors
Proceedings of the Royal Society B

November 24, 2020

Dear editor,

Below we respond to all of the reviewers’ comments and provide details of the revisions we
have made to address these comments. We thank the reviewers and the editor for their
suggestions, which have led to improvements in our manuscript.

Referee: 1
1. The paper is relatively easy to follow, for a mathematically literate biologist. The

methods are clearly explained, and I have not particular comments on the results or the
discussion. I do have one small question about the assumptions in the extended model,
specifically, the immune clearance rates of Bifidobacteria and commensals, µb and µc,
respectively. Why is it assumed that µb < µc.
Studies in the literature show that IgA stimulated by Bifidobacteria restricts pathogens
and potentially harmful commensal bacteria from attaching to the epithlelium [3, 6].
For this reason, we assume that the immune system favours the establishment of
mutualists by making them more resistant to the immune response than commensals.
Since we include a much wider range of species in our commensal population, we assume
that they are on average more susceptible to this immune clearance, and thus choose
µb < µc. We had previously included some introduction to the relationship between the
immune compartment and Bifidobacteria, which we now emphasise in Section 2.2, lines
185-189. The stimulation of IgA by Bifidobacteria was also outlined in the introduction.

Referee: 2
1. Scientists have learned a great deal about the effects of our gut micro-flora on human

health in recent decades. Yet much is unknown. For example, how does it initialize and
what are the effects of a C-section verses a natural birth and what are the effects of
formula feeding rather than breast feeding. The medical literature appears to be
contradictory on these issues. The authors construct very simple mathematical models of
Lotka-Volterra type to explore these issues. The simplest model involves competition
among two strains of Bifidobacteria (here labeled B1 and B2) and a generic commensal
bacteria, labeled C. B1 is fed with supplied breast milk the amount of which declines
exponentially and therefore B1 goes extinct; before doing so, its digestion of breast milk
augments the growth rate of B2 via cross-feeding. An extended model takes account of

Appendix B
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the effects of an immune response against the bacteria stimulated by B1. A strength of
the paper is that some of the contradictory results reported in the literature can be
mimicked in the observed dynamics of the model under appropriate parameter regimes.
While I have some reservations about some modeling assumptions and parameter choices,
to be described below, I believe the authors have made an interesting and possibly useful
contribution and therefore I recommend publication of a suitably revised version. My
main complaint is that very little motivation is given for some modeling assumptions,
the choice of parameters, and initial data for the models. For such crude models, this
may be expected. However, very little attempt is made to explore the dynamical
consequences of alternative choices for parameters and initial data. See below for details.

We thank the reviewer for their comments. We have addressed their concern by
clarifying our choices of parameters and undertaking some additional sensitivity analysis
following their suggestion. We address these in the specific points below.

2. For the competition model, what biological motivation can be given for the assumptions
αc > 1 and f3 > f2; why not maintain equality in the latter unless there is evidence
supporting it.

In our models, we focus on the mutualistic interaction between the infant and
fibre-consuming Bifidobacteria populations, instead of competition between them. This
cross-feeding effect helps the B2 Bifidobacteria population survive through infancy even
though only B1 is able to metabolise breast milk. This is described in the literature
[1, 4, 5]. This cross-feeding action is described in the introduction in lines 54-57. Thus,
we choose αc > 1 as cross-feeding is beneficial to the B2 population. We clarify this
point in lines 151-156.

We note, however, that in our model, the level of cross-feeding does not ultimately affect
the abundance of Bifidobacteria and commensals at steady state; the cross-feeding
coefficient αc is linked to HMO-consuming Bifidobacteria B1, which is eliminated when
solid foods replace milk. Therefore, while we appreciate the point made here, our
conclusions will not be greatly altered by exploring alternative values of αc. We indicate
this in lines 155-156.

For the reviewer’s second point regarding our choice of f3 > f2 we note that the
commensal population in our model includes a wider range of species than the
Bifidobacteria population. Therefore, we assume that the supply of commensals from
the environment f3 is higher than that of Bifidobacteria f2. We describe this in
additional detail in lines 144-150 of the manuscript. Furthermore, as we presented in
our Supplementary Material, Figure S9 explores the effect of varying the environmental
supply of the bacterial populations (f2 and f3) on equilibria. This figure also shows
outcomes when f2 = f3. As the supply of commensals (f3) increases, the relative
abundance of commensal (B3) at equilibria increases. Higher f3 values enables the
dominance of B3 at low breast milk level. We described these effects in lines 314-324 of
the manuscript.



3. The main issue with the competition model is whether the competition between B and C
is stronger or weaker (α > 1 or α < 1) than intra-specific competition. This choice
dictates which of the outcomes of Figure 3 prevail. The authors need to address this point
from a biological perspective head on. The outcomes displayed in Figure 2 depend on the
choice α = 2; it would be reasonable to provide a similar plot in the case that α < 1.

In our initial submission, Figure 3 demonstrated the effect of α < 1 and α > 1 on
steady-states of our quasi-steady-state approximation. We have now also included the
temporal dynamics of the competition model where α = 0.7 in the Supplementary
Material Figure S2. This is the equivalent plot to the temporal dynamics (for α = 2)
given in Figure 2, but with α = 0.7. The equilibria for this parameter setting is
independent of birth mode; this is consistent with the trajectory shown in the
quasi-steady-state nullclines plot, which we had previously included. We refer to this
plot in lines 208-210 and 234-239, and clarify the biological significance of this threshold
effect in lines 239-243.

4. The extended model involving the immune component. It seems strange that the authors
assume that the immune response rate is a multiple of the milk-digesting B1 alone
instead of some linear combination of B1, B2 and C, while simultaneously assuming that
the dominant effect of immune response is to depress commensals C (µc > µb). Is there
some biological evidence for these two separate modeling decisions? It is clear that B1
tends to zero exponentially fast and this implies that M is uniformly bounded for positive
time. Therefore, the effect of immune response on bacteria is relatively muted. If
instead, the immune response rate were some linear combination of the bacterial types
then M would grow linearly with time and then it is easy to see that all variables in the
extended model would go extinct. Thus, I see a mathematical reason why the authors
chose to assume that the immune response rate is a multiple of the milk-digesting B
only. Many modelers assume that the immune response is dampened in the absence of
stimulation. An alternative model might have the form Ṁ = a1B1 + a2B2 + a3B3 − µM
although this introduces another parameter µ.

We thank the reviewer for this insight and suggestion. Bifidobacteria stimulate the
production of IgA in the infant’s gut as part of the neonatal immune development, as
described in the literature [7, 2]. We assume that the immune system (which is
stimulated by Bifidobacteria) favours the establishment of mutualists. That is, we
assume that these Bifidobacteria have adapted to humans in such a way as to efficiently
stimulate the immune system while being relatively resistant to its effects. Exploring the
effect of this immune response together with breast milk is the main motivation of our
extended model. We describe this in additional detail in lines 185-192 of the manuscript.

While these considerations led us initially to focus on the effect of infant Bifidobacteria
only, we take the point made by the reviewer. Therefore, we now include a
generalisation in which the immune response is governed by Ṁ = γ(B1 +B2) − µM .
We choose not to include a B3 component for the immune compartment, as we are



interested in the IgA-stimulating effect of Bifidobacteria rather than commensals,
particularly in relation to breast feeding. We have included a brief description of this
new version in Section 2.2 lines 194-197, with additional detail provided in the
Supplementary Material. In the Supplementary Material, Figure S10 shows that the
model is insensitive to birth modes as the immune clearance dominates over changes in
initial condition. Further, Figure S11 explores the effect of varying γ and µ on the
relative abundance of B2 and B3. The growth of immune response γ favours
Bifidobacteria B2 while the damping factor µ encourages the commensal B3.

We have also made small changes to repair typos and other minor issues. All changes can
be seen in the attached version of the manuscript below.

We are grateful to the reviewers and the editor for their suggestions which have led to
improvements in our manuscript. We look forward to your response.

Sincerely,

Xiyan Xiong
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