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Dear Paula,

Thank you for your patience while your manuscript "Early-life exposure to multiple micronutrient deficiencies induces clinically-relevant antibiotic resistance in a pre-clinical murine model" was under peer-review at Nature Microbiology. It has now been seen by 3 referees, whose expertise and comments you will find at the end of this email. Although they find your work of some potential interest, they have raised a number of concerns that will need to be addressed before we can consider publication of the work in Nature Microbiology.

In particular, referee #1 raises some important concerns with the methods used for the metagenomics analyses. These concerns must be addressed in full to support your conclusion that you are detecting acquired resistance. All referees also ask for more methods details, which includes information regarding diet and whether the mice are micronutrient deficient e.g. serum sample analysis. Referee #2 asks for more in depth statistical analyses. Referee #3 also has some important suggestions including using the metagenomics data to look at the non-bacterial components of the microbiome, linking ARGs to specific genomes and TEs, and whether any ARGs were found associated with plasmids or phage.

Should further experimental data allow you to address these criticisms, we would be happy to look at a revised manuscript.

We are committed to providing a fair and constructive peer-review process. Please 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.

We strongly support public availability of data. Please place the data used in your paper into a public data repository, if one exists, or alternatively, present the data as Source Data or Supplementary Information. If data can only be shared on request, please explain why in your Data Availability Statement, and also in the correspondence with your editor. For some data types, deposition in a public repository is mandatory - more information on our data deposition policies and available repositories can be found at https://www.nature.com/nature-research/editorial-policies/reporting-standards#availability-of-data.

Please include a data availability statement as a separate section after Methods but before references, under the heading "Data Availability”. This section should inform readers about the availability of the data used to support the conclusions of your study. This information includes accession codes to public repositories (data banks for protein, DNA or RNA sequences, microarray, proteomics data etc…), references to source data published alongside the paper, unique identifiers such as URLs to data repository entries, or data set DOIs, and any other statement about data availability. At a minimum, you should include the following statement: “The data that support the findings of this study are available from the corresponding author upon request”, mentioning any restrictions on availability. If DOIs are provided, we also strongly encourage including these in the Reference list (authors, title, publisher (repository name), identifier, year). For more guidance on how to write this section please see:
http://www.nature.com/authors/policies/data/data-availability-statements-data-citations.pdf


If 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 we suggest that you begin to revise your manuscript so that it conforms to our Article format instructions at http://www.nature.com/nmicrobiol/info/final-submission. Refer also to any guidelines provided in this letter.

* Include a revised version of any required reporting checklist. It will be available to referees (and, potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A revised checklist is essential for re-review of the paper.


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.


[redacted] 

<strong>Note:</strong> This url links to your confidential homepage and associated information about manuscripts you may have submitted or be reviewing for us. If you wish to forward this e-mail to co-authors, please delete this link to your homepage first.

Nature Microbiology 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. This applies to primary research papers only. 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>.

If you wish to submit a suitably revised manuscript we would hope to receive it within 6 months. If you cannot send it within this time, please let us know. We will be happy to consider your revision, even if a similar study has been accepted for publication at Nature Microbiology or published elsewhere (up to a maximum of 6 months).

In the meantime we hope that you find our referees' comments helpful.

[redacted]

*****************************************************
Reviewer Expertise:

Referee #1: AMR, microbiome, bioinformatics
Referee #2: gut microbiome, nutrition, 'omics, in vivo models
Referee #3: gut microbiome, diet

Reviewer Comments:

Reviewer #1 (Remarks to the Author):

Recently a number of interesting studies have shown that increased AMR is not only a results of increased antimicrobial use, but other factors should also be considered. As such proving the effect of various diets on ARG abundances would be important and interesting.

The current manuscript seemingly mainly deals with the effect of diet on bacte4rial composition in rats and then my guess is that thy have "accidentially" seen some results on ARG and focused more on that. Unfortunately the description of their analyses and methods used both makes it difficult (impossible) to evaluate the study and draw the conclusions they do.

The most important message in the paper is that a diet deficient in micronutrients will lead to increased ARG abundances. Thus, one would expect that there would be a very detailed description of the bioinformatics and sub-sequent analyses thereof, as well as an exhaustive supplementary material to support the conclusions. This is not the case here.

As far as I can judge, the authors have simply mapped the reads to the SEED database and (perhaps) simply used the number of (unadjusted?) reads mapping to genes annotated as related to resistance to determine ARG abundances.

I have several major concerns here:
1. The use of the database is in my opinion wrong. Using a DB that contains a large number of genes involved in intrinsic, species specific, genes involved in tolerance or resistance to drugs has the risk of simply provide another taxonomic assignment. This might not as all be related to acquired resistance. There is a reason that special DBs have been created for this, such as CARD and Resfinder, and even here it is essential to look at the individual genes and not make the mistake of simply calculating intrinsic genes.
2. The data are seemingly not adjusted according to length and bacterial reads. This is and should be standard. Most use FPKM.
3. Metagenomic data are compositional (https://pubmed.ncbi.nlm.nih.gov/29187837/). With low ARG abundances the mistake of not using compositional analyses might not be huge, but today it would be standard analyzing them as compositional data.


Other minor comments:
- Why did you remove human DNA? Would you expect that in rats?
- Which pathobionts and where did you get that from?


Results section

The results regarding the bacterial composition, seems appropriate. It would however, be nice to have more discussion on whether the starting microbiome could have an influence and whether a different start would result in another trajectory.

The results on the ARG can simply not be judged since the M & M description is so poor, as written above.

Regarding the phenotypic results, I am not surprised that the authors find a potential correlation between vancomycin, methicillin and amoxicillin, since we would expect to see a specific intrinsic association here. But again do not necessarily have anything to do with acquired resistance.




Reviewer #2 (Remarks to the Author):

In this well-written manuscript from Paula Littlejohn, Brett Finlay and colleagues, the authors describe effects of a multiple micronutrient deficient diet (Zn, folate, iron, vitamin A, and vitamin B12) on the microbiome of antibiotic naïve mice and report enrichment for pathobiont species and antimicrobial resistance genes. With one notable exception, the detection of increases in the relative abundance of AMR genes predicted gut bacterial antibiotic resistance in vitro. Micronutrient deficiencies and AMR pathogens are major global health challenges, making these results interesting not just from a nutrition and microbial ecology standpoint, but also from the perspective of public health and policy.

My suggestions for clarifying and improving the manuscript follow:

Abstract:

1. “postnatal preclinical murine model”. The use of “preclinical” in this and other places throughout the manuscript seems redundant.

Introduction:

1. Although the introduction mentions high burdens of micronutrient deficiency in LMICs, it’s also worth noting: a) relative micronutrient deficiency is also seen in overweight and obesity and b) microbiome-targeted interventions in childhood obesity have been shown to reduce the resistome: PMID: 22462011, 27044409

2. A reference for the first sentence of paragraph 2 would be helpful.

3. The last paragraph of the introduction mentions this is the “first postnatal preclinical murine model” to examine these relationships. Are there other models in either older mice or other species?

Methods:

1. What was the justification for studying male mice exclusively? Were both sexes tested? If so, were the results described more profound in male mice?

2. More detail is needed on the diets.

a. The diets were isocaloric and equally balanced for macronutrients, but the actual micronutrient levels expressed in ppm for either the control diet or micronutrient deficient diets are not included.

b. If all the micronutrients (Zn, folate, iron, vitamin A, and vitamin B12) in the micronutrient deficient diet were at 0 ppm, it’s highly likely the diets needed to be formulated in ways radically different than standard mouse chow. Was the control diet formulated to be equivalent to the MN diet, with the exception of inclusion of a standard amount of micronutrients? A detailed table describing the MN and control diets as part of the supplemental data would be essential to interpreting the experiments, especially because diet has such a profound impact on gut microbiota.

c. Mice were fed the experimental and control diet ad libitum, however it would be important to document the amount of diet consumed by each mouse (or collectively, since caged together) and changes in bodyweight on each diet in order to track any differences in feed efficiency. If mice consumed more or less of the experimental diet than the control diet, a pair feeding approach might be needed.

d. To what degree did the MN diet produce micronutrient deficiency in the mice? Were serum levels of the micronutrients measured? Did mice develop anemia? If so, was this microcytic or macrocytic?

Results

1. The microbiome data are well-analyzed and well-described.

2. Given the interesting findings in lysozyme resistance genes, was any attempt made to look at the effects of the MN diet on gut histology? If so, were any differences seen in the abundance or granulation of Paneth cells (a major source of lysozyme in the gut)?

3. Higher contrast images for Figures 5a,b and outlining and quantifying the effects of antibiotics on fecal microbiome outgrowth would be helpful. Quantifying the data across multiple mice and experiments and applying statistical tests would be helpful, especially given the unexpected results with tetracycline.

Discussion

1. A discussion of the relative strengths and limitations of the findings should be included in the Discussion.

2. It’s understandable why a combination of micronutrient deficiencies was explored (certainly micronutrient deficiencies travel together in LMICs), however it’s unfortunate that the relative contribution of each micronutrient to the microbiome and resistome can’t be interpreted from the data in its present form. If data were available on the total body status of these micronutrients in mice fed the MN and controls diets, this might allow for some degree of interpretation of which micronutrients were exerting stronger overall effects on the microbiome and resistome.



Reviewer #3 (Remarks to the Author):

“Early-life exposure to multiple micronutrient deficiencies induces clinically-relevant antibiotic resistance in a pre-clinical murine model” is an exciting, straightforward, and timely study highlighting that a micronutrient deficient diet indirectly selects for antibiotic resistance genes in a murine model. The mice were fed standard and micronutrient deficient diets and differences in gut bacterial composition, gene content, and antibiotic resistance as a function of diet were observed. There are a few limitations to the study that I highlight below, which if addressed, would positively impact interpretability and impact of the study.

Major concerns
1. The focus of the paper is on antibiotic resistance development that results from micronutrient restriction. However, the authors should more clearly denote that they’re studying the bacterial component of the gut microbiota throughout the manuscript rather than calling the bacteria the “microbiota/biome.” This comment would be resolved if analysis of fungi, viruses, and protists are included in a revised manuscript (see suggestions below).
2. Fungal communities are often left out of microbiome studies that use 16S marker gene analysis. However, because metagenomics was done here, the authors could presumably include these data on non-bacterial community members. This is relevant because fungal infections like candidemia are a big problem in LMICs. In addition, the authors noted in the discussion that in a Malawian cohort, micronutrient powder consumption was associated with increased abundance of fungi and protists. Parallel observations here would certainly increase the impact of the study and future efforts to use this model to understand how diet influences disease risk in humans.
3. Were any antibiotic resistance genes identified in the study associated with phage genomes or plasmids?
4. Figure 5. Based on the methods, I assume that the plates shown in this figure are seeded with bacteria that were cultured from stool. Does each plate contain cultured bacteria from a single mouse? What bacteria grow on these plates? Taxonomic profiling (at least 16S) of these bacteria that grow in the plates and the generalizability of these findings to n>1 mouse would be helpful. Relatedly, in Methods subsections “Culturing fecal microbiome” and “antibiotic susceptibility testing…” More details are needed here to help the reader understand what is growing on the Mueller-Hinton plates, and whether this assay was done with bacteria cultured from all mice in the study.
5. Below Figure 5. “Total TE abundance was markedly increased in the LM group…” and “We found increased enrichment of both Intl1…” What genomes are these TEs found in? Is there evidence of transfer of Intl1 and Intl2 from Bacteroides to other bacteria in the gut? Do these TEs have antibiotic resistance genes on them? The idea that the transfer of antibiotic resistance by HGT is mentioned throughout the discussion but without these data I feel like it’s inappropriate to connect TEs to ARGs.

Minor concerns
1. Line numbers on manuscripts greatly facilitate peer review – please include line numbers in a revised version of the manuscript.
2. Figure 1A-1C. The stacked bar charts are a helpful overview of the differences between mice fed the CON and LM diets and the authors provide data from individual mice in Figure 1D and in Figure 2, Figure 3, and Figure 4 that support their conclusions. Regardless, it would be helpful to represent the data in Figure 1A-1C with individual stacked bars for each mouse used in the study to understand how generalizable these trends are. Perhaps as a supplemental figure if the authors feel 40 bar charts per panel in a main figure would be too visually cluttered.
3. Figures 2-5. Please provide more descriptive figure legends, including statistical tests used.
4. Figure 5. Please include scale bars.
5. Figure 5. Which is Panel A and which is Panel B?
6. Figure 6f. What bacterial taxa do these increased oxidative stress resistance genes correlate with? I assume they’re mostly found in proteobacteria, and would overlay with the trends observed throughout the manuscript but it would be helpful for this to be explicitly stated.




*****************************************************


	Author Rebuttal to Initial comments  


Reviewer Comments: 

Reviewer #1 (Remarks to the Author):

Recently a number of interesting studies have shown that increased AMR is not only a results of increased antimicrobial use, but other factors should also be considered. As such proving the effect of various diets on ARG abundances would be important and interesting.

The current manuscript seemingly mainly deals with the effect of diet on bacte4rial composition in rats and then my guess is that thy have "accidentally" seen some results on ARG and focused more on that. Unfortunately the description of their analyses and methods used both makes it difficult (impossible) to evaluate the study and draw the conclusions they do.

--We thank the Reviewer for raising this concern. We can confirm that the metagenomics analysis presented in this manuscript is the second of two-metagenomics sequencing done, in addition to 16S. Our first metagenomics sequencing was done in 2019 by COSMOSID utilizing the CARD database as part of the microbial characterization of the micronutrient deficient model we developed. Results from the 2019 analysis showed substantially increased virulence, phage and antibiotic resistance genes (Figure 1: For Reviewers only heatmap, see figure below ARG alpha diversity plots). We deliberately performed the second analysis to both confirm and follow up with the antibiotic resistant phenotype. While any of these phenotypes could have been chosen, we chose to focus on resistance as we felt it was more relevant to a global resistance crisis and because it is more relevant to children in LMICs who are routinely exposed to antibiotics. 

See attached PDF heatmap of ARG. Reviewer Fig.1. (PDF)
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The most important message in the paper is that a diet deficient in micronutrients will lead to increased ARG abundances. Thus, one would expect that there would be a very detailed description of the bioinformatics and sub-sequent analyses thereof, as well as an exhaustive supplementary material to support the conclusions. This is not the case here.

As far as I can judge, the authors have simply mapped the reads to the SEED database and (perhaps) simply used the number of (unadjusted?) reads mapping to genes annotated as related to resistance to determine ARG abundances. 

I have several major concerns here:
1. The use of the database is in my opinion wrong. Using a DB that contains a large number of genes involved in intrinsic, species specific, genes involved in tolerance or resistance to drugs has the risk of simply provide another taxonomic assignment. This might not as all be related to acquired resistance. There is a reason that special DBs have been created for this, such as CARD and Resfinder, and even here it is essential to look at the individual genes and not make the mistake of simply calculating intrinsic genes. 
--We thank the Reviewer for this feedback and we have re-analyzed the data using CARD. We used MaAsLin2 to look for associations between counts of antibiotic resistance genes families, mechanisms, and classes and treatment and treatment groups. In addition to plots used in the main manuscript, we have included additional output files from the Maasslin2 analysis in the supplementary section (Supplementary Data 1 and 2). We have maintained some of the SEED analysis to further interrogate our data as CARD does not provide some of these functions. Figure 4 has been updated with the new CARD analysis Lines 534-640. 

2. The data are seemingly not adjusted according to length and bacterial reads. This is and should be standard. Most use FPKM

--We thank the Reviewer for this detailed feedback and agree with the comments. We have reanalyzed the data using CARD and updated the methods section to detail the bioinformatics. We can confirm that our CARD data used RPKM.
3. Metagenomic data are compositional (https://pubmed.ncbi.nlm.nih.gov/29187837/). With low ARG abundances the mistake of not using compositional analyses might not be huge, but today it would be standard analyzing them as compositional data.
--We thank the Reviewer for this detailed feedback and agree with the comments. We have reanalyzed the data using CARD and updated the methods section to detail the bioinformatics. 

Other minor comments:
- Why did you remove human DNA? Would you expect that in rats?

--We thank the Reviewer for querying this and we would like to clarify. We map against both genomes (human and mice). We always map against the human genome because of human handling of the samples to remove any possible contamination. There can be some overlap between reads that map to both genomes but in general mapping to the human genome does not impact negatively the process. The mouse genome we used can be found here https://www.ncbi.nlm.nih.gov/assembly/GCF_000001635.24/. Please also note that this model was done in mice and not rats.

- Which pathobionts and where did you get that from?

--We thank the Reviewer for this question. We recognize that no universal definition for pathobionts exists (Ref #40), we have clarified our definition of pathobionts as the following (microbes that can induce harm under deleterious circumstances) Line 362. We labeled bacteria in our dataset as pathobionts based similar classification used in the malnourished children literature as we feel this is more in line with our model. See Lines 446-447 and reference #13, 17, 34-38.

Results section

The results regarding the bacterial composition, seems appropriate. It would however, be nice to have more discussion on whether the starting microbiome could have an influence and whether a different start would result in another trajectory.— 

--We thank the Reviewer for this question and understand your concern. We have added taxonomy bar plots for each individual mouse from Day 0 and Day 28 at the phylum level (Fig.1.c) and additional taxonomy plots at the family, genus and species level in the Supplemental Figure 1. As seen in these figures all the mice across groups were similar at Day 0; however, upon dietary treatment this changed at Day 28. Moreover, all the mice arrived together in the same shipping box at the facility, we randomly assigned the mice to the groups and collected fecal samples at the same time. These samples were not analyzed until the end of the experiment along with the endpoint fecal samples. We did these steps to reduce the chance of any selection or batch bias. We have also included our alpha and beta diversity plots in the main manuscript which shows no statistical difference in alpha diversity at Day 0 between the CON and LM mice. Our beta diversity plot shows a clustering of the mice microbiome for the CON and LM group at Day 0 and a very distinct separation at Day 28. We have also included as mentioned above some data from our pilot study that we ran in 2018 (sequenced in 2019) and although these experiments are 4 years apart, we still find the same results, thus our data support that the diet and not the starting microbiome is the primary driver of the altered microbiome phenotype. 


The results on the ARG can simply not be judged since the M & M description is so poor, as written above. 

--We thank the Reviewer for this feedback and have substantially edited the materials and methods, specifically the bioinformatics analyses performed. 


Regarding the phenotypic results, I am not surprised that the authors find a potential correlation between vancomycin, methicillin and amoxicillin, since we would expect to see a specific intrinsic association here. But again do not necessarily have anything to do with acquired resistance.
--We thank the Reviewer for this comment, and apologize for this incorrect statement. Indeed, intrinsic resistance can be shared through MGE and not HGT. Although MGEs play a key role in bacterial fitness their association with antibiotic dissemination is well documented. We have updated the manuscript to reflect this Lines 112-118, reference #18, 21-23. 


Reviewer #2 (Remarks to the Author):

In this well-written manuscript from Paula Littlejohn, Brett Finlay and colleagues, the authors describe effects of a multiple micronutrient deficient diet (Zn, folate, iron, vitamin A, and vitamin B12) on the microbiome of antibiotic naïve mice and report enrichment for pathobiont species and antimicrobial resistance genes. With one notable exception, the detection of increases in the relative abundance of AMR genes predicted gut bacterial antibiotic resistance in vitro. Micronutrient deficiencies and AMR pathogens are major global health challenges, making these results interesting not just from a nutrition and microbial ecology standpoint, but also from the perspective of public health and policy.

--We thank the Reviewer for this overall kind comment. Please see additional responses below.

My suggestions for clarifying and improving the manuscript follow:

Abstract:

1. “postnatal preclinical murine model”. The use of “preclinical” in this and other places throughout the manuscript seems redundant.

--We thank the Reviewer for this comment, we have removed this term from the manuscript.


Introduction: 

1. Although the introduction mentions high burdens of micronutrient deficiency in LMICs, it’s also worth noting: a) relative micronutrient deficiency is also seen in overweight and obesity and b) microbiome-targeted interventions in childhood obesity have been shown to reduce the resistome: PMID: 22462011, 27044409

--We thank the Reviewer for this information, we have referenced it in our manuscript Lines 78-80, reference #9, 10 and Lines 151-155, reference #32.

2. A reference for the first sentence of paragraph 2 would be helpful.

--We thank the Reviewer for this comment and apologize for this error. The following references have been added reference # 11, 12.

3. The last paragraph of the introduction mentions this is the “first postnatal preclinical murine model” to examine these relationships. Are there other models in either older mice or other species?

--We thank the Reviewer for this question, others have done experiments in other animals’ species (example in chicks, see Lines 794-799 and reference #49, 50) to examine the effect of one or more micronutrient deficiencies. However, our intent was to have a model and not just an experiment that could be further used to examine multiple micronutrient deficiencies and that could potentially complement clinical trials. Nonetheless, we have updated this line to reflect that we used our model. Line 159.
  

Methods:

1. What was the justification for studying male mice exclusively? Were both sexes tested? If so, were the results described more profound in male mice?


--We thank the Reviewer for this question, we originally intended to use both male and females and did at least one pilot study using females; however, the COVID19 pandemic shut down resulted in significant alterations to this plan. We started with males because multiple meta-analyses have shown that boys/males are more likely to be undernourished and stunted than females so we felt there was an immediacy to start with males. As this is a model, future work will examine females. 
2. More detail is needed on the diets.

a. The diets were isocaloric and equally balanced for macronutrients, but the actual micronutrient levels expressed in ppm for either the control diet or micronutrient deficient diets are not included.

--We thank the Reviewer for this comment and apologize for this oversight. Details on this in an abbreviated table has been added (Supplementary Table 2) Line 1178. 


b. If all the micronutrients (Zn, folate, iron, vitamin A, and vitamin B12) in the micronutrient deficient diet were at 0 ppm, it’s highly likely the diets needed to be formulated in ways radically different than standard mouse chow. Was the control diet formulated to be equivalent to the MN diet, with the exception of inclusion of a standard amount of micronutrients? A detailed table describing the MN and control diets as part of the supplemental data would be essential to interpreting the experiments, especially because diet has such a profound impact on gut microbiota.

--We thank the Reviewer for this comment and apologize for this oversight, we have now added a dietary table in the Supplementary section (Supplemental Table 2). We can confirm that the diets were specially formulated to achieve these levels. Specifically, we used egg white rather than casein as the protein source in order to get our zinc level to be 2mg/kg. We have added text in the Methods section to reflect this. Lines 1175-1178. 


c. Mice were fed the experimental and control diet ad libitum, however it would be important to document the amount of diet consumed by each mouse (or collectively, since caged together) and changes in bodyweight on each diet in order to track any differences in feed efficiency. If mice consumed more or less of the experimental diet than the control diet, a pair feeding approach might be needed.

--We thank the Reviewer for this comment and apologize for this oversight. We can confirm that mouse chow was weighed weekly over multiple experiments, and have now included the appropriate text in the manuscript Lines 1180-1181. In our model, we did not find the LM mice to eat less, but rather ate according to their size. No significant difference however was found in the amount of chow consumed between CON and LM group. Total chow was calculated by cage. 



d. To what degree did the MN diet produce micronutrient deficiency in the mice? Were serum levels of the micronutrients measured? Did mice develop anemia? If so, was this microcytic or macrocytic?

--We thank the Reviewer for this comment and can confirm that the micronutrients were measured in the mice by several assays. Vitamin A was measured both in serum and in liver tissue by mass spectrometry, vitamin B12 and folate in serum using the Abbott ARCHITECT. Zinc, iron levels were measured in the liver using Inductively coupled plasma triple quadrupole mass spectrometry (ICP-MS-MS). We also performed a complete blood count panel (CBC) and can confirm that based on the result parameters the mice were indeed B12, folate and iron deficient anemic (i.e., both macrocytic and microcytic). This is described in Lines 170-171. 



Results

1. The microbiome data are well-analyzed and well-described. 

--We thank the Reviewer for this kind comment.

2. Given the interesting findings in lysozyme resistance genes, was any attempt made to look at the effects of the MN diet on gut histology? If so, were any differences seen in the abundance or granulation of Paneth cells (a major source of lysozyme in the gut)? 


--We thank the Reviewer for this comment we have done as suggested and performed a lysozyme stain on ileum and jejunum tissue samples (n=2) we had available (See Figure below). The stain was less successful than we had hoped and given our small sample size we do not feel confident in drawing any conclusions at this time or in adding these figures to the main manuscript; however, we are amenable to your suggestion if you think it has merit. We do have plans however in the future to characterize the gut in this model and have included this as a future direction in the “limitations and future directions” section. 
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3. Higher contrast images for Figures 5a,b and outlining and quantifying the effects of antibiotics on fecal microbiome outgrowth would be helpful. Quantifying the data across multiple mice and experiments and applying statistical tests would be helpful, especially given the unexpected results with tetracycline.

--We thank the Reviewer for this comment, in the original experiment bacteria were grown under anaerobic conditions, as such we did not get a thick confluent lawn on the plates, which would have provided great contrast to the susceptibility discs. This may be because most of the anaerobes may have died with the slightest exposure to oxygen. Nevertheless, we repeated these three additional times, extended the culture time to 36 hours, however, we still could not get a thick confluent lawn. We then decided to grow the bacteria under aerobic conditions. Here, we got a confluent lawn as there are many more aerobic bacteria. Unfortunately, all of our CON samples got contaminated and we are unable to submit these images for consideration with this manuscript. This is rather unfortunate; however, we feel that our revised manuscript provides with the newly reanalyzed data using the Comprehensive Antibiotic Resistance Database (CARD)—a highly curated database for antibiotic resistance, provides innovative findings that will appeal to the Nature Microbiology readership. 

In regards to the question about multiple experiments, we have noted to Reviewer #1 that this is our second metagenomics analysis and we included additional data from a previous sequencing done in 2019 from an earlier experiment using a different set of mice which again shows this finding to be significant and robust. (See attached For Reviewers only heatmap PDF). We have also included data on the individual mice in the main manuscript (Fig.1.c) and (Supplemental Fig.1.d, e, f). 


Discussion

1. A discussion of the relative strengths and limitations of the findings should be included in the Discussion.


--We thank the Reviewer for this comment and agree. We have now included that in the manuscript. 

2. It’s understandable why a combination of micronutrient deficiencies was explored (certainly micronutrient deficiencies travel together in LMICs), however it’s unfortunate that the relative contribution of each micronutrient to the microbiome and resistome can’t be interpreted from the data in its present form. If data were available on the total body status of these micronutrients in mice fed the MN and controls diets, this might allow for some degree of interpretation of which micronutrients were exerting stronger overall effects on the microbiome and resistome.


--We thank the Reviewer for this comment, we can confirm that mice on the multiple low micronutrient diet gained significantly less body weight starting at week 2 to the end of the experiment over multiple experiments. We did also do a zinc only experiment and found no difference in body weight between the CON and zinc deficient (ZND) mice. We did however find that the LM mice body weight was significantly less than the ZND only mice showing that the multiple micronutrients have a greater effect than single. We provide data on Enterobacteriaceae in CON, LM and ZND on Day 28 (see figure below and Supplemental Fig.2). Fecal samples were collected as described in the main manuscript and plated on MacConkey agar. Enterobacteriaceae CFU count in grams of fecal samples were quantified. Our results showed no significant difference in CFU count between the CON and ZND mice, however a significant increase in Enterobacteriaceae in the LM group above the CON and ZND was found. Data were analyzed using Kruskal-Wallis test (GraphPad Prism Software version 9.5.1). Supplemental Figure 3.
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Reviewer #3 (Remarks to the Author):

“Early-life exposure to multiple micronutrient deficiencies induces clinically-relevant antibiotic resistance in a pre-clinical murine model” is an exciting, straightforward, and timely study highlighting that a micronutrient deficient diet indirectly selects for antibiotic resistance genes in a murine model. The mice were fed standard and micronutrient deficient diets and differences in gut bacterial composition, gene content, and antibiotic resistance as a function of diet were observed. There are a few limitations to the study that I highlight below, which if addressed, would positively impact interpretability and impact of the study. 

Major concerns
1. The focus of the paper is on antibiotic resistance development that results from micronutrient restriction. However, the authors should more clearly denote that they’re studying the bacterial component of the gut microbiota throughout the manuscript rather than calling the bacteria the “microbiota/biome.” This comment would be resolved if analysis of fungi, viruses, and protists are included in a revised manuscript (see suggestions below). 

--We thank the Reviewer for this comment, we can confirm that performed Shotgun metagenomics and we have data on fungi and viruses/bacteriophage which are now a part of the main manuscript. We agree with the Reviewer that more manuscripts should include these analyses and that including them may be of value to the larger community who may be interested in understanding the role of undernutrition, specifically micronutrient deficiencies, on the mycobiome and virome. This may also shed light on disease pathology in undernourished children. 


2. Fungal communities are often left out of microbiome studies that use 16S marker gene analysis. However, because metagenomics was done here, the authors could presumably include these data on non-bacterial community members. This is relevant because fungal infections like candidemia are a big problem in LMICs. In addition, the authors noted in the discussion that in a Malawian cohort, micronutrient powder consumption was associated with increased abundance of fungi and protists. Parallel observations here would certainly increase the impact of the study and future efforts to use this model to understand how diet influences disease risk in humans. 

--We thank the Reviewer for this comment, we have now included the mycobiome and virome in the main manuscript including new figures and Supplemental figures as an in-depth characterization of the gut microbiome. We have also included additional text in the discussion section.


3. Were any antibiotic resistance genes identified in the study associated with phage genomes or plasmids? 

--We thank the reviewer for this insightful suggestion. Unfortunately, the CARD dataset is not stratified by taxonomy, and so ARGs cannot be directly linked to any given phage/plasmid. However, we have updated the manuscript to include a correlation analysis heatmap of viruses/bacteriophages and antibiotic resistance mechanisms.

4. Figure 5. Based on the methods, I assume that the plates shown in this figure are seeded with bacteria that were cultured from stool. Does each plate contain cultured bacteria from a single mouse? What bacteria grow on these plates? Taxonomic profiling (at least 16S) of these bacteria that grow in the plates and the generalizability of these findings to n>1 mouse would be helpful. Relatedly, in Methods subsections “Culturing fecal microbiome” and “antibiotic susceptibility testing…” More details are needed here to help the reader understand what is growing on the Mueller-Hinton plates, and whether this assay was done with bacteria cultured from all mice in the study. 

--We thank the Reviewer for this comment, we have now performed 16S rRNA Sanger sequencing on bacteria cultured from frozen fecal stock n=4 per group and in duplicates Lines 638-640. This is described in the Materials and Methods section Lines 1342-1351. Data results are included in the Supplemental data (Supplemental Table 1). 

--We thank the Reviewer for this comment. For the bacterial culturing we understand why this was confusing and have removed that orphan text. This was linked to the antibiotic susceptibility testing which we have now deleted due to plate contamination. 


5. Below Figure 5. “Total TE abundance was markedly increased in the LM group…” and “We found increased enrichment of both Intl1…” What genomes are these TEs found in? Is there evidence of transfer of Intl1 and Intl2 from Bacteroides to other bacteria in the gut? Do these TEs have antibiotic resistance genes on them? The idea that the transfer of antibiotic resistance by HGT is mentioned throughout the discussion but without these data I feel like it’s inappropriate to connect TEs to ARGs. 

--We thank the Reviewer for this comment, we have amended our position on this per your comment and have updated the manuscript to highlight that while TEs were higher because of their many functions we are unable at this time in our capacity to determine if they carry ARGs. We have instead updated the manuscript to reflect genomic instability Lines 931-934.


Minor concerns
1. Line numbers on manuscripts greatly facilitate peer review – please include line numbers in a revised version of the manuscript. 

--We thank the Reviewer for this comment, and apologize for this oversight. Line numbers have now been added to the manuscript.


2. Figure 1A-1C. The stacked bar charts are a helpful overview of the differences between mice fed the CON and LM diets and the authors provide data from individual mice in Figure 1D and in Figure 2, Figure 3, and Figure 4 that support their conclusions. Regardless, it would be helpful to represent the data in Figure 1A-1C with individual stacked bars for each mouse used in the study to understand how generalizable these trends are. Perhaps as a supplemental figure if the authors feel 40 bar charts per panel in a main figure would be too visually cluttered. 

--We thank the Reviewer for this comment, yes, the manuscript was visually cluttered with the individual mice, especially with the addition of the mycobiome and virome plots; however, we feel this data is also important and have included the taxonomy bar plots for individual mice filtered at the phylum level in the main manuscript (Fig.1.c) and added plots on family, genus and species levels in the Supplemental Fig.1. 


3. Figures 2-5. Please provide more descriptive figure legends, including statistical tests used. 

--We thank the Reviewer for this comment and have significantly updated all figure legends. 


4. Figure 5. Please include scale bars. 

--We thank the Reviewer for this comment, this figure has been removed, please see comment above under “results #3.”


5. Figure 5. Which is Panel A and which is Panel B? 

--We thank the Reviewer for this comment, this figure has been removed, please see comment above under “results #3.”


6. Figure 6f. What bacterial taxa do these increased oxidative stress resistance genes correlate with? I assume they’re mostly found in proteobacteria, and would overlay with the trends observed throughout the manuscript but it would be helpful for this to be explicitly stated.

--We thank the Reviewer for this comment. We have performed Spearman correlation analysis for oxidative stress and total ARGs (Fig.5.g), resistance mechanisms (Fig.5.h) and bacteria (Fig.5.i). Also see Supplemental Table 3 for full list of CARD Antibiotic Resistance Ontology. 

	Decision Letter, first revision:


	Message:
	24th May 2023

Dear Paula,

Thank you for your patience while your manuscript "Early-life exposure to multiple micronutrient deficiencies induces antibiotic resistance associated with increased bacterial oxidative stress in mice" was under peer review at Nature Microbiology. It has now been seen by our referees, whose expertise and comments you will find at the end of this email. In the light of their advice, we have decided that we cannot offer to publish your manuscript in Nature Microbiology.

From the reports, you will see that while they find your work of some potential interest, the referees raise concerns about the advance your findings represent over earlier work and the strength of the novel conclusions that can be drawn at this stage. In particular, referee #1 has ongoing concerns regarding the resistome analyses and whether the data supports a role for micronutrient deficiency impacting the resistome or whether this is an indirect result of gut microbiota composition shifts. Unfortunately, these criticisms are sufficiently important as to preclude publication of your work in Nature Microbiology. We would be open to seeing an appeal if these concerns could be addressed in full with additional analyses. However, a reframed paper showing that micronutrient deficiency alters the gut microbiota and therefore the resistome might be suitable for Nature Communications, and so I would suggest reaching out to the editors to discuss this. I would be happy to also do this on your behalf.

I am sorry that we cannot be more positive on this occasion, but hope that you find the referees' comments helpful when preparing your paper for resubmission elsewhere.

Yours sincerely,

[redacted]

*******************
Reviewer Expertise:

Referee #1: AMR
Referee #2: childhood microbiome, nutrition, mouse models, 'omics
Referee #3: gut microbiome, diet

Reviewers Comments:

Reviewer #1 (Remarks to the Author):

I have read the revised manuscript by Littlejohn et al. and unfortunately I still have the same concerns as in my remarks to the first version.

The authors have done a nice job in performing a study and analyzing their data for the microbial composition, but I simply do not think the resistome analyses is appropriate. The authors use the CARD database but with no reflection regarding the relevance of the different genes. A major issue with all current ARG databases are that they include a mixture of intrinsic chromosomal and mobilized genes. Thus, there is the great risk that if the DB is simply used then a change in the bacterial composition will also been seen as changing the resistome; basically a classic case of ecological fallacy. Compared to for example Resfinder CARD includes more chromosomal genes, but does in fact provide that information when searching the individual genes. No study is of cause perfect, but it must be expected that any publications at least include a consideration of whether the observed findings are potentially relevant or could be biased.

As far as I have been able to see, the current submission do not include any data on the different genes observed or their abundances making it difficult to any reader to evaluate the details. However, looking at Figure 5, there is at least some CARD accession numbers and searching CARD I identify the following genes:
emeA (chromosomal gene from E. faecalis)
efrA (chromosomal gene from E. faecalis)
lptD (chromosomal gene from Klebsiella)
emrR (chromosomal gene from Escherichia, BUT also found rarely on plasmids)
CPR (chromosomal gene from Escherichia, BUT also found rarely on plasmids)
oqxA (chromosomal, but often plasmid)
oqxB (chromosomal, but often plasmid)
kpnE (chromosomal gene from Klebsiella)
kpnG (chromosomal gene from Klebsiella)
MAB (chromosomal betalactamase from mycobacterium)
ACT-35 (chromosomal betalactamase)
fosA5 (chromosomal in Klebsiella, but also found on plasmids)
LEN-9 (chromosomal betalactamase from Klebsiella)
Erm(B) (mobile macrolide resistance gene)
ArnT (intrinsic gene in Klebsiella)
Tet(32) (mobile tetracycline resistance gene)
Tet(Q) (mobile tetracycline resistance gene)
lsaA (chromosomal gene in E. faecalis)
tet(O) (mobile tetracycline resistance gene)
dfrE (chromosomal gene in E. faecalis)
Kpne_OmpK37 (chromosomal gene from Klebsiella)

Thus, of the 21 genes it is, in my opinion, only oqxAB, erm(B), tet(32), tet(Q) and tet(O) that would be relevant from a acquired resistance point of view. For the latter four genes this also seems to be where no difference was observed between the two groups of mice.

As abundance tables are not available it is not possible for me to analyze whether any significant differences for those genes are found between the groups and even here it would have to be considered whether finding a few genes of significance when investigating several 1,000s could potentially be false discoveries.

I do understand that the authors are eager to find an association between micro-nutrient deficits and increase resistance, but for me this simply seems like a case where differences in micro.-nutrient leads to change in the bacterial composition with a natural change then in intrinsic genes. Thus, the conclusions simply do not add up.

Minor comments:
Lines 68-72: something seems to be wrong with the references. Number 20 is missing. Also “studies” would imply more than one reference. As I read reference 19 and 20 the main statement is that the resistome is highly dynamic and perhaps that would be sufficient.
Lines 94-95: I think a few references to a issue that is hotly debated would be appropriate.



Reviewer #2 (Remarks to the Author):

The authors have been highly responsive to the concerns raised.

I could not identify the information mentioned re: measuring CBC and micronutrient status in blood and other tissues. This would be appropriate to include as extended data and not just as lines of text.

The Paneth cell staining is intriguing but perhaps not ready for "prime time".

My last comment is it may be worth considering adding nuance to the message of the abstract and discussion. Certainly, AMR is a global crisis however the use of antibiotics in undernutrition saves lives. Perhaps another perspective worth considering and conveying is that childhood undernutrition might be stoking AMR and that the SDG's targeting undernutrition may have collateral benefits for reducing AMR in LMICs.




Reviewer #3 (Remarks to the Author):

The authors extensively and thoughtfully addressed my concerns.




*******************

** I suggest that you consider Nature Communications as a suitable venue for your work. To transfer your manuscript there, please use our <a href="https://mts-nmicrobiol.nature.com/cgi-bin/main.plex?el=A5Cg2HZu7C1mOu2X7A9ftdMMkzpdANQ1MYj7rIxMLEgZ">manuscript transfer portal</a>. You will not have to re-supply manuscript metadata and files, unless you wish to make modifications, but please note that this link can only be used once and remains active until used. For more information, please see our <a href="http://www.nature.com/authors/author_resources/transfer_manuscripts.html?WT.mc_id=EMI_NPG_1511_AUTHORTRANSF&WT.ec_id=AUTHOR">manuscript transfer FAQ</a> page.

Note that any decision to opt in to In Review at the original journal is not sent to the receiving journal on transfer. You can opt in to <i><a href="https://www.nature.com/nature-portfolio/for-authors/in-review">In Review</a></i> at receiving journals that support this service by choosing to modify your manuscript on transfer. In Review is available for primary research manuscript types only.


	Author Rebuttal, first revision:


 Reviewers Comments: 

Reviewer #1 (Remarks to the Author):

I have read the revised manuscript by Littlejohn et al. and unfortunately I still have the same concerns as in my remarks to the first version.

The authors have done a nice job in performing a study and analyzing their data for the microbial composition, but I simply do not think the resistome analyses is appropriate. The authors use the CARD database but with no reflection regarding the relevance of the different genes. A major issue with all current ARG databases are that they include a mixture of intrinsic chromosomal and mobilized genes. Thus, there is the great risk that if the DB is simply used then a change in the bacterial composition will also been seen as changing the resistome; basically a classic case of ecological fallacy. Compared to for example Resfinder CARD includes more chromosomal genes, but does in fact provide that information when searching the individual genes. No study is of cause perfect, but it must be expected that any publications at least include a consideration of whether the observed findings are potentially relevant or could be biased.

· We thank the Reviewer for this feedback and for suggesting both CARD and Resfinder for the resistome analyses. We have carefully considered the Reviewer’s comments on the comparison of ResFinder over CARD and we agree that none of them are perfect; however, based on  two recent reviews ( 1 general and 1 systematic, (1,2)) of AMR databases, CARD proved better than other tools (for example, fewer major errors compared to ResFinder, and better detection of mutations conferring resistance and gene annotation.(1,2) ResFinder was reported to focus more on acquired resistance genes compared to other databases. Also, see Figures 1 and 2 of Papp et al.(1) Nonetheless, it still has limitations, which we discuss in the adjusted/revised manuscript (see Lines 602-612).


As far as I have been able to see, the current submission do not include any data on the different genes observed or their abundances making it difficult to any reader to evaluate the details. However, looking at Figure 5, there is at least some CARD accession numbers and searching CARD I identify the following genes: 
emeA (chromosomal gene from E. faecalis)
efrA (chromosomal gene from E. faecalis)
lptD (chromosomal gene from Klebsiella)
emrR (chromosomal gene from Escherichia, BUT also found rarely on plasmids)
CPR (chromosomal gene from Escherichia, BUT also found rarely on plasmids)
oqxA (chromosomal, but often plasmid)
oqxB (chromosomal, but often plasmid)
kpnE (chromosomal gene from Klebsiella)
kpnG (chromosomal gene from Klebsiella)
MAB (chromosomal betalactamase from mycobacterium)
ACT-35 (chromosomal betalactamase)
fosA5 (chromosomal in Klebsiella, but also found on plasmids)
LEN-9 (chromosomal betalactamase from Klebsiella)
Erm(B) (mobile macrolide resistance gene)
ArnT (intrinsic gene in Klebsiella)
Tet(32) (mobile tetracycline resistance gene)
Tet(Q) (mobile tetracycline resistance gene)
lsaA (chromosomal gene in E. faecalis)
tet(O) (mobile tetracycline resistance gene)
dfrE (chromosomal gene in E. faecalis)
Kpne_OmpK37 (chromosomal gene from Klebsiella)

Thus, of the 21 genes it is, in my opinion, only oqxAB, erm(B), tet(32), tet(Q) and tet(O) that would be relevant from a acquired resistance point of view. For the latter four genes this also seems to be where no difference was observed between the two groups of mice.

· We thank the Reviewer for this comment and for taking the time to list these genes. We have revised the manuscript to focus more on the intrinsic resistome rather than acquired and have amended a portion of Figure 5. In regards to the ARO figure and genes referenced above, we have also provided a short table corresponding to the ARO numbers. Moreover, a complete master file for all the ARGs grouped by drug class, family and mechanism is also provided in the Supplemental file to address the Reviewer’s comment.



As abundance tables are not available it is not possible for me to analyze whether any significant differences for those genes are found between the groups and even here it would have to be considered whether finding a few genes of significance when investigating several 1,000s could potentially be false discoveries.


· We thank the Reviewer for this comment, we have now included two new tables, one specifically corresponding to Fig.5.d showing whether the gene is chromosomal or plasmid and an excel table master file of all the gene hits in the Supplemental files. 


I do understand that the authors are eager to find an association between micro-nutrient deficits and increase resistance, but for me this simply seems like a case where differences in micro.-nutrient leads to change in the bacterial composition with a natural change then in intrinsic genes. Thus, the conclusions simply do not add up.


· We thank the Reviewer for this comment and for pointing this out. We agree that the sequence of phenotypic events was not fully clarified in the previous manuscript and perhaps needed more clarity. We have addressed this in the revised manuscript. See Lines 538-543 and 585-589. We hope that this satisfies the Reviewer.


Minor comments:
Lines 68-72: something seems to be wrong with the references. Number 20 is missing. Also “studies” would imply more than one reference. As I read reference 19 and 20 the main statement is that the resistome is highly dynamic and perhaps that would be sufficient.
Lines 94-95: I think a few references to a issue that is hotly debated would be appropriate.


· We thank the Reviewer for this comment. We have rechecked the references and updated the reference manager, hopefully this resolves the issue. We have removed the previous line you referenced and kept Line that the “resistome is highly dynamic…”. 

· We have added 5 additional references for the lines you mentioned (now Lines 101-104, references 26-32)
Reviewer #2 (Remarks to the Author):

The authors have been highly responsive to the concerns raised.

I could not identify the information mentioned re: measuring CBC and micronutrient status in blood and other tissues. This would be appropriate to include as extended data and not just as lines of text.

· We thank the Reviewer for this comment, these data are published in another manuscript.(3) See reference below and within the manuscript Line 177. 


The Paneth cell staining is intriguing but perhaps not ready for "prime time".

· We thank the Reviewer for this comment and are in agreement, as the figure was only presented in the Response to the Reviewers it was not incorporated into the main manuscript.

My last comment is it may be worth considering adding nuance to the message of the abstract and discussion. Certainly, AMR is a global crisis however the use of antibiotics in undernutrition saves lives. Perhaps another perspective worth considering and conveying is that childhood undernutrition might be stoking AMR and that the SDG's targeting undernutrition may have collateral benefits for reducing AMR in LMICs.

· We thank the Reviewer for this comment, we have included some comments to reflect that antibiotics do indeed save lives (Lines 60-61, 103-104). We have expanded our comments on the interaction between undernutrition, ARG (Lines 545-547) and included a focus on SDG2 and SDG3, Lines 596-598). We hope this satisfies the Reviewer.

Reviewer #3 (Remarks to the Author):

The authors extensively and thoughtfully addressed my concerns.

· We thank the Reviewer for this comment and are happy that we were able to adequately address all of your concerns. 

Reference(s):

1.
Papp M, Solymosi N. Review and Comparison of Antimicrobial Resistance Gene Databases. Antibiotics (Basel) [Internet]. 2022 Mar 4 [cited 2023 Jun 4];11(3):339. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944830/

2.
Mahfouz N, Ferreira I, Beisken S, von Haeseler A, Posch AE. Large-scale assessment of antimicrobial resistance marker databases for genetic phenotype prediction: a systematic review. Journal of Antimicrobial Chemotherapy [Internet]. 2020 Nov 1 [cited 2023 Jun 4];75(11):3099–108. Available from: https://doi.org/10.1093/jac/dkaa257

3.
Littlejohn PT, Bar-Yoseph H, Edwards K, Li H, Ramirez-Contreras CY, Holani R, et al. Multiple micronutrient deficiencies alter energy metabolism in host and gut microbiome in an early-life murine model. Frontiers in Nutrition [Internet]. 2023 [cited 2023 Jul 9];10. Available from: https://www.frontiersin.org/articles/10.3389/fnut.2023.1151670



	Decision Letter, second revision:  


	Message:
	Our ref: NMICROBIOL-22040883D

21st July 2023

Dear Paula,

Thank you for submitting your revised manuscript "Co-occurring micronutrient deficiencies in early life promote intrinsic antibiotic resistance and increased bacterial oxidative stress in mice" (NMICROBIOL-22040883D). It has now been assessed editorially. Pending some editorial changes outlined below, we'll be happy in principle to publish it in Nature Microbiology, as well as other minor revisions to comply with our editorial and formatting guidelines.

In particular, we will need you to implement the following changes before acceptance. Please make a start on these edits while we perform additional editorial checks.

1. Please edit the title. We suggest the following:

Multiple micronutrient deficiencies in early life cause multi-kingdom alterations in the gut microbiome and intrinsic antibiotic resistance genes in mice

2. Please provide more focus on the mycobiome and virome shifts observed in your micronutrient deficiency mouse model. This should be mentioned in more detail in the abstract, with less emphasis on the antibiotic resistance and oxidative stress findings.

3. Please reduce the length of the introduction and provide more information of what is already known about undernutrient and micronutrient deficiency and the gut microbiota. Less emphasis should be put on the implications for antibiotic resistance given the toned down conclusions.

4. In the abstract and throughout the paper, please tone down claims related to AMR. Please clarify that you are likely seeing an enrichment of ARGs due to an enrichment in bacterial taxa that are known to harbour ARGs e.g. Proteobacteria. Please also tone down claims related to antibiotic treatment for children with malnutrition as these are unsubstantiated.

5. Given that many of the conclusions are based on associations and correlations, please tone down claims related to causation and temper your conclusions.

6. In the discussion, please emphasise the use of this dataset to understand microbiota dynamics when there are multiple micronutrient deficiencies and how this impacts microbiota encoded functions such as ARGs. Please tone down discussion of implications for antibiotic resistance. You should highlight your findings regarding the mycobiome and virome.


If the current version of your manuscript is in a PDF format, please email us a copy of the file in an editable format (Microsoft Word or LaTex)-- we can not proceed with PDFs at this stage.

We are now performing 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.

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

Sincerely,
[redacted]


	Final Decision Letter:

	Message:
	10th October 2023

Dear Paula,

I am pleased to accept your Analysis "Multiple micronutrient deficiencies in early-life cause multi-kingdom alterations in gut microbiome and intrinsic antibiotic resistance genes in mice" for publication in Nature Microbiology. Thank you for having chosen to submit your work to us and many congratulations.

Over the next few weeks, your paper will be copyedited to ensure that it conforms to Nature Microbiology style. We look particularly carefully at the titles of all papers to ensure that they are relatively brief and understandable.

Once your paper is typeset, you will receive an email with a link to choose the appropriate publishing options for your paper and our Author Services team will be in touch regarding any additional information that may be required. Once your paper has been scheduled for online publication, the Nature press office will be in touch to confirm the details.

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 you please 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 of your manuscript is conditional on all authors' agreement with our publication policies (see https://www.nature.com/nmicrobiol/editorial-policies). In particular your manuscript must not be published elsewhere and there must be no announcement of the work to any media outlet until the publication date (the day on which it is uploaded onto our website).

Please note that <i>Nature Microbiology</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.nature.com/nature-portfolio/editorial-policies/self-archiving-and-license-to-publish">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

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>. All co-authors, authors' institutions and authors' funding agencies can order reprints using the form appropriate to their geographical region.

We welcome the submission of potential cover material (including a short caption of around 40 words) related to your manuscript; suggestions should be sent to Nature Microbiology as electronic files (the image should be 300 dpi at 210 x 297 mm in either TIFF or JPEG format). Please note that such pictures should be selected more for their aesthetic appeal than for their scientific content, and that colour images work better than black and white or grayscale images. Please do not try to design a cover with the Nature Microbiology logo etc., and please do not submit composites of images related to your work. I am sure you will understand that we cannot make any promise as to whether any of your suggestions might be selected for the cover of the journal.

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.

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.


With kind regards,

[redacted]
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