
Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author):  

 

Fyhrquist et al. perform a matched 16S rRNA and host transcriptome profiling on AD, psoriasis, and 

healthy controls at two different skin sites of disease occurrence. Major findings cited confirmed 

previous reports that Staphylococcus aureus is significantly associated with AD (Kong et al) with 

depletion of anaerobes (Myles et al), and that a strong microbial signature is lacking in psoriasis. 

Reassuringly, the transcriptional data is largely consistent with previous reports of AD or psoriasis 

transcriptomes, and the authors found that the host transcriptome was a stronger predictor of skin 

disease severity that different microbiome metrics.  

 

We commend the authors on the size of the cohort, the care taken with negative controls and 

confounders, and a clear and well-presented paper. However, the study itself represents a relatively 

modest advance for the field, with the major contribution being a correlation analysis with microbial 

features with host skin transcriptome data. The size of the cohort is an asset and allows the author 

to break down the AD patients into yes/no S. aureus groups which allows them to further refine 

transcriptome correlates. Like these previous studies, different classifier methods were used to 

define host or microbial features characteristic of the disease, with the major advantage again being 

the size of the study.  

 

A major point of revision would be to include additional covariate analysis for different skin 

treatments that the patients had undergone prior to the washout period with Dove, and to describe 

with more detail the different features of the matched? healthy controls. This is because the authors 

observed that there were likely different community states/microbiome ’types’ for AD because 

some individuals were characterized by a prevalence of S. aureus while others not. Kong et al. 

reported that intermittent treatment shifts the microbiome towards one with significantly less S. 

aureus, and it is likely that this could be one of the factors that could explain the variation.  

 

Also, why were OTUs clustered at the 99.3% identity level? Which is fairly atypical and naturally 

resulted in a very large number of OTUs. There should be some justification of this in the methods, 

and/or also performed at more conventional levels (e.g., 97%).  

 

 

Reviewer #2 (Remarks to the Author):  

 



In the paper by Fyhrquist et al., “Microbe-host interplay in atopic dermatitis and psoriasis”, the 

authors assemble a large cohort of cases and controls (over 300 individuals), for which they perform 

16S rRNA sequencing and microarray-based analysis of transcriptomes. They find that AD is 

dominated by S. aureus and immune activation, whereas PSO was associated with assemblages of 

organisms.  

 

I was able to review the technicality of the manuscript as my expertise is in microbial community 

analysis and gut microbiomes, though I was able to only touch upon the conclusions regarding 

changes in the immune system pertaining to skin disease and the originality of the work from 

someone in the microbiome field, but an outsider to these specific areas.  

 

My biggest issue with the manuscript is that it overall lacked details about the study design, sample 

collection and most importantly, statistical analyses, which made it both hard to review and also 

gave the impression that many of these choices were made without sufficient consideration. These 

include the method of DNA extraction (crucial for comparing across studies), the methods for 

performing skin swabs (Fig. S1 implies some buffer but none was discussed), whether there were 

any exclusion criteria, how samples were matched, and what affymetrix plates were used for 

transcriptomics, to name a few. In terms of statistical analysis, it was unclear why some choices were 

made—99.3% identity for clustering, how controlling for confounders was done, but also what tests 

were used (see Figure 1A, a p-value is reported with a vague descriptor of ‘nonparametric score’, but 

the text only says ‘significantly associated’, yet this repeats in multiple results of the paper, and this 

is unclear whether this is significantly associated with one of the conditions or if multiple are being 

compared etc.). Similarly, in the transcriptomics section, the only thing that was mentioned was 

“Differential gene expression analysis” (line 347) rather than the specific method used. There wasn’t 

mention about false-discovery corrections for some analyses, though mentioned for others (i.e. Fig 

4), or whether any normalization was performed on gene abundances. Since the devil is in the 

details for microbiome analyses, this can potentially be a major issue.  

 

My other issue with the manuscript is the novelty of the results. Despite my disclaimer that I don’t 

work entirely in this field, it seems obvious both from quick lit searches and their own statements 

that there have been a number of studies that have done community analysis of psoriasis and AD 

and their analysis doesn’t particularly add much. The S. aureus-association with AD is not a new 

finding, and this has been reported on many times. There have also been RNA-seq experiments 

performed on both AD (Suarez-Farinas et al, 2015 and even a metaanalysis of transcriptome 

analyses (Ding et al., 2015) and PSO (Li et al., 2014). They find many of the same co-occurences and 

pathway regulation, even according to their own statements (lines 552, 574). It was hard to decipher 

whether direct comparison could be made between the two disease cohorts because of the 

ambiguity of the matching scheme, and also the difference in body sampling sites. I can’t comment 

whether their results significantly improve or change our understand of PSO or AD.  

 



Other issues:  

• It was not clear how samples were matched, especially since large differences in gender 

underlie the Psoriasis and HV cohorts. Similarly, age-related dysbioses have been reported for skin 

microbiomes which are thought to predispose individuals to AD. This wasn’t tested (or mentioned) 

within this cohort.  

• Were there any exclusion criteria? Atopic dermatitis and psoriasis can be treated in many 

ways, including topical medications (including corticosteroids), oral immunosuppressant therapies, 

antibiotics, vitamin therapies, and oral steroids as well as immunomodulators. These were never 

mentioned in the patient recruitment or analysis.  

 

Minor issues:  

• Hard to follow what is being plotted in many of the figures. I mentioned Fig. 1A above, but 

this is the same for Fig 1B. Is this some aggregate of all of the samples, masking inter-personal 

variability? This is abnormal to group individual compositions into one composite composition.  

• The data display was very confusing—like Figure 3B is very confusing—are these genes up or 

down in these different conditions and the same direction in these different conditions. This was a 

confusing figure. Figure 3C/D are also confusing visually. Or what are the yellow edges in Fig 4F?  

 

 

 

 

Reviewer #3 (Remarks to the Author):  

 

In this manuscript, the authors conducted 16s rRNA sequencing identification of the skin 

microbiome of patients with atopic dermatitis and psoriasis as well as host transcriptome 

characterization using microarrays of skin biopsies at the same sites. They showed that S. aureus is 

significantly associated with atopic dermatitis and that multiple species, such as Corynebacterium 

spp and anaerobes are associated with psoriatic skin. They also made classifiers to identify the 

microbial species that could most differentiate between atopic dermatitis vs normal and psoriasis vs 

normal skin. They then analyze the host skin transcriptome at these sites.  

 

Many of the findings in this paper confirm previously known studies. The skin microbiome findings 

for atopic dermatitis reflect what is already known in the literature1,2. Some findings for the 

psoriatic skin microbiome are also already known, such as the overrepresentation of Streptococcus 

spp and overabundance of Corynebacterium species (reviewed in 3) although this study has a 



different way of presenting the data (Figures 1-2). The approach of defining microbial classifiers of 

AD and psoriatic skin is novel, but without any mechanistic data to suggest why particular species in 

the classifier are disease-defining, the finding has less impact. Additionally, even if species within the 

classifier are not disease-defining but are in fact secondary effects of a particular type of 

inflammation, without mechanistic data suggesting why AD vs psoriatic inflammation might bias 

towards one set of bacteria vs another, it is hard to assess the biological significance of the classifier.  

 

The atopic dermatitis transcriptomic data reveal similar pathways as previous skin transcriptome 

studies4,5 and confirms known involved pathways, such as Th1 and Th2 pathways (Figure 3). The 

psoriasis transcriptomic data also confirm known involved pathways and prior studies (reviewed in 

6,7), such as IL-17 signaling and IFN-g signaling (Figure 3). Although Figures 3-4 were clear and 

beautiful representations of the data, they did not offer new hypothesis-generating insight into 

disease pathogenesis.  

 

The main novelty of this study is that skin microbiome and transcriptome data were collected at the 

same time, to allow for analysis of microbiome-transcriptome correlations. However, in their 

analysis, the authors did not reveal surprising information. By comparing the transcriptomes in AD 

samples with high abundance of S. aureus to those with low abundance of S. aureus, the authors 

found an enrichment of pathways such as “Keratinization” and enrichment in gene expression of 

IL18, IL1a, TNF, IFNg, and other expected pro-inflammatory cytokines (Figure 4C-D).  

 

The analysis of psoriatic microbiomes to transcriptomes revealed that Corynebacterium spp may be 

negatively associated with inflammatory pathways in psoriasis (p.17, line 441-461). However, there 

are no mechanistic studies to suggest that Corynebacterium is protective. Additionally, earlier in the 

microbiome study, Corynebacterium was shown to be overrepresented in psoriatic lesions, which 

seems contradictory. Perhaps, some Corynebacterium species are immunoregulatory or help 

resistance towards more inflammatory bacteria and are therefore protective, whereas other 

Corynebacterium species are positive associated with psoriasis because they are more pro-

inflammatory. This idea would be interesting, but would need additional studies in order to be 

validated.  

 

There is another finding in the paper that I thought was interesting: abundance of anaerobic bacteria 

in AD was decreased suggesting that there is increased O2 tension in AD lesions (Figure 1D, 

discussed in line 555-557). An analysis of metabolic pathways upregulated in disease states was a 

very successful approach to show that utilization of formate and aerobic respiration by E. coli was 

increased in gut inflammation(8) and then that blocking this particular microbial metabolic pathway 

using tungsten could ameliorate colitis(9). Therefore, if the authors were to use metagenomic 

sequencing instead of 16s rRNA sequencing to look at the microbial metabolic pathways that were 

changed in disease states and correlate this to host transcriptome signatures, this study would be 

much more informative and more likely to generate hypotheses for further mechanistic studies.  



 

The approach and intent of the study was commendable and as a field, we do need to move toward 

connecting microbiota changes to host epithelial or immunologic changes. However, the data 

presented here did not reveal many distinctive positive results. If the authors were to re-focus on 

some of the more interesting findings highlighted above and develop further mechanistic insight 

instead of presenting a broad overview of findings without specific hypotheses, this would greatly 

improve the impact of this study.  
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Reviewers' comments: Manuscript NCOMMS-18-14978A 

 

Reviewer #1 (Remarks to the Author): 

 

Comment 1: Fyhrquist et al. perform a matched 16S rRNA and host transcriptome profiling on 

AD, psoriasis, and healthy controls at two different skin sites of disease occurrence. Major 

findings cited confirmed previous reports that Staphylococcus aureus is significantly associated 

with AD (Kong et al) with depletion of anaerobes (Myles et al), and that a strong microbial 

signature is lacking in psoriasis. Reassuringly, the transcriptional data is largely consistent with 

previous reports of AD or psoriasis transcriptomes, and the authors found that the host 

transcriptome was a stronger predictor of skin disease severity that different microbiome metrics. 

We commend the authors on the size of the cohort, the care taken with negative controls and 

confounders, and a clear and well-presented paper. However, the study itself represents a 

relatively modest advance for the field, with the major contribution being a correlation analysis 

with microbial features with host skin transcriptome data. The size of the cohort is an asset and 

allows the author to break down the AD patients into yes/no S. aureus groups which allows them 

to further refine transcriptome correlates. Like these previous studies, different classifier 

methods were used to define host or microbial features characteristic of the disease, with the 

major advantage again being the size of the study. 

 

ANSWER: Thank you for reviewing our manuscript and for raising this comment. We would 

like to point out that next to its size a main novelty of this study is that the cutaneous microbiome 

and the host’s transcriptome data were collected at the same location and time, to allow for 

analysis of microbe-host-interactions (microbiome-transcriptome correlations). The approach 

and intent of the study is commendable and as a field, we do need to move towards connecting 

changes in microbiota to host epithelial or immunologic homeostasis and disease.  

 

We have now revised the manuscript and added/ included: 

 

1. Preliminary data from whole genome sequencing (WGS), to validate 16S based OTU 

classification and functional predictions based on the 16S marker. The results show close 

agreement between the two sequencing methods (Fig. 1) and are now included in the 

manuscript in Fig.S9 and in the text on p.17.      

 
Fig. 1. Validation of 16S-based OTU classification by WGS. Correlation of relative abundance of S. aureus 

between 16S rRNA sequencing and WGS metagenomics. For validation of 16S OTU classification, preliminary data 

of WGS metagenomic sequencing of 20 randomly selected samples from 10 S. aureus ‘high’ and 10 S. aureus ‘low’ 

patients were used. The significant correlation (r2=0.919) shows agreement of taxonomic classification between the 

independent sequencing methods.  
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2. Mechanistic validation of the observed host-microbe-interactions, including exposure of 

human 3D epidermal equivalents with viable S. aureus, showing the induction of key S. 

aureus signature genes (Fig. 2). The results are now included in the manuscript in Fig S10 

and in the text on p. 17.  

 

 
Fig. 2. Mechanistic validation of host-microbe interactions. a Morphological analysis of human epidermal 

equivalents (HHEs). b H&E and c immuno-fluorescence staining of microbial colonization of HEEs cultured for 

8 days at the air-liquid interface. S. aureus bacteria were exposed to the skin equivalent. Arrows indicate visible 

bacteria on top of the stratum corneum. d Keratinocyte response following bacterial stimulation, qPCR 

measurement of selected S. aureus signature genes.  

    

 

3. In depth analysis of tryptophan (trp) metabolism, where we observed significant 

upregulation of the kynurenine pathway in the S. aureus ‘high’ cohort, and reconstructed 

trp breakdown in atopic skin inflammation (Fig. 3a), indicating the accumulation of the 

metabolite 3-hydroxyanthranilic acid (3-HAA), which is considered an inflammatory 

mediator. Moreover, the depletion of the essential amino acid, trp, may be a mode of host 

defense during bacterial colonization. Since certain microbes, including staphylocci, are 

susceptible to the depletion of trp by the host, we investigated whether such mechanisms 

are at play in AD, during S. aureus overcolonization. First we cultured S. aureus strains 

from the skin of and independent group of AD patients, and carried out trp-dependence 

screening. The results indicate that 66% of isolated S. aureus strains were independent of 

trp (Fig 3c). Second, while we did not have access to bacterial isolates from the MAARS 

cohort, we examined preliminary whole-genome shotgun metagenomic sequencing (WGS) 

data, and found that on average, 73% of samples carried members of the trp gene family 

(Fig. 3d). These results are now included in the manuscript as Fig. S11, and in the text on 

p.17-18 and discussed on p. 24-25.  
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Fig. 3. Inference of functional metagenomic features based on 16S rRNA and whole genome sequencing. a 

Regulation of the kynureninase pathway of tryptophan degradation on the mRNA level between HV and the S. 

aureus ‘high’ cohort. Red arrows: significantly regulated genes, n.s.: not significant. Arrow and font thickness 

correspond to significance. b Contribution of individual OTUs to relevant microbial pathways. The gene content 

of individual OTUs was inferred using the Greengenes v.13.5 database, and subsequently used to predict enriched 

microbial pathways in the respective disease groups. Horizontal bars represent the percentage of genes contributed 

by the most abundant microbes in the dataset. X-axis: sum of relative contributions per sample. Y-axis: contribution 

across S. aureus ‘high’ and S. aureus ‘low’ cohorts, respectively. c Culture-based tryptophan dependence assay of 

32 S. aureus strains isolated from moderate-to-severe atopic dermatitis patients. Overall, 66% of colonizing S. 

aureus strains were shown to grow independent of tryptophan in Trp-depleted culture medium. d Presence of 

tryptophan biosynthesis-related gene families in WGS sequencing results of S. aureus ‘high’ samples. Y axis: 

relative abundance of UniRef50-defined trp gene families. 

  

 

4. In order to investigate whether sensitivity to tryptophan depletion is at play in AD during S. 

aureus overcolonization, we sought to identify differences in the metabolic capacity of the 

microbiome, and generated 16S rRNA-based prediction of the metagenome using the 

PICRUSt tool (Langille et al., 2013). As a result, we found significantly overrepresented 
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microbial functions in S. aureus ‘high’ compared to ‘low’ groups, such as: ‘bacterial toxins’ 

(ko02042), ‘phosphotransferase system’ (ko02060), ‘two-component system’ (ko02022), 

among others (Fig3b, Fig.S11b in the manuscript, Fig.4a). It is notable that due to the great 

difference in beta diversity, the S. aureus ‘high’ cohort represents the bacterial functions of 

mainly a single species, S. aureus, with little contributions from other microbes, while this 

is contrasted by the functional capacity of a relatively high diversity of microbes in S. aureus 

‘low’. These results are included in the manuscript as Fig. S11b and Fig.S14a, and in the 

text on p.17, and discussed on p.24.  
 

5. Furthermore, 16S rRNA-based prediction of the metagenome revealed a shift towards 

glycolysis in the S. aureus ‘high’ associated microbiome (Fig. 4a, Fig.S14a in the 

manuscript). S. aureus is known to impose metabolic stress on keratinocytes, resulting in 

HIF1alpha signaling in the skin, which in turn promotes the generation of inflammatory 

cytokines, particularly mature IL-1beta (Wickersham et al., 2017). Indeed, in the S. aureus 

‘high’ samples HIF1a signaling was significantly induced, including HIF1A and HIF1A-

dependent genes HK2 and PFKP (Figure 4b, Fig. S14b in the manuscript), and functional 

analysis predicted IL-1beta as a top upstream regulator, based on the gene expression 

profiles in the skin (Figure 4d). The results support the notion that metabolic stress, caused 

by microbial overcolonization as the microorganisms and skin compete for limited oxygen 

and glucose, drives inflammatory signaling through the induction of HIF1A. These results 

are included in the manuscript in Fig 14S, and in the text on p. 17 and p. 24-25.  

 

  
Fig. 4. Prediction of the S. aureus metagenome and gene expression in the skin. a Significantly enriched 

microbial pathways between S. aureus ‘high’ and S. aureus ‘low’ groups. Gene content of individual OTUs was 

inferred using the Greengenes v.13.5 database, and subsequently used to predict enriched microbial pathways in 

the respective disease groups. b Expression of HIF1A and HIF1A dependent genes in the skin in the S. aureus 

‘high’ cohort. 
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Comment 2: A major point of revision would be to include additional covariate analysis for 

different skin treatments that the patients had undergone prior to the washout period with Dove, 

and to describe with more detail the different features of the matched? healthy controls. This is 

because the authors observed that there were likely different community states/microbiome 

’types’ for AD because some individuals were characterized by a prevalence of S. aureus while 

others not. Kong et al. reported that intermittent treatment shifts the microbiome towards one 

with significantly less S. aureus, and it is likely that this could be one of the factors that could 

explain the variation. 

 

ANSWER: The patients were carefully (with strict inclusion and exclusion criteria) selected for 

this study, omitting those who used systemic antibiotics within 2 weeks, or systemic 

immunosuppressive therapy, phototherapy, or systemic biologic agents within the previous 12 

weeks prior to screening. 

We agree this is an important issue to explore, and suggest including it in subsequent 

studies/analyses of this patient cohort. 

 

Comment 3: Also, why were OTUs clustered at the 99.3% identity level? Which is fairly atypical 

and naturally resulted in a very large number of OTUs. There should be some justification of this 

in the methods, and/or also performed at more conventional levels (eg. 97%). 

  

ANSWER: The traditional 97% threshold proposed in 1994 is conservative and could safely be 

increased, without a significant risk of wrongly differentiated species. In the V4 region, which is 

one of the two regions (V3-V4) we use in this study, the threshold can be risen much higher, due 

to stable variable regions as previously described (Meier-Kolthoff JP et al Arch Microbiol. 2013, 

doi: 10.1007/s00203-013-0888-4).  

Importantly, we have now used preliminary data from whole genome sequencing (WGS), to 

validate 16S based OTU classification and functional predictions based on the 16S marker. The 

results show close agreement between the two sequencing methods (see Figure 1 above), and are 

included in the manuscript on p.17 and in Fig. S9D. 

 
 

Reviewer #2 (Remarks to the Author): 

 

Comment 1: In the paper by Fyhrquist et al., “Microbe-host interplay in atopic dermatitis and 

psoriasis”, the authors assemble a large cohort of cases and controls (over 300 individuals), for 

which they perform 16S rRNA sequencing and microarray-based analysis of transcriptomes. 

They find that AD is dominated by S. aureus and immune activation, whereas PSO was associated 

with assemblages of organisms. 

 

I was able to review the technicality of the manuscript as my expertise is in microbial community 

analysis and gut microbiomes, though I was able to only touch upon the conclusions regarding 

changes in the immune system pertaining to skin disease and the originality of the work from 

someone in the microbiome field, but an outsider to these specific areas. 
 

My biggest issue with the manuscript is that it overall lacked details about the study design, 

sample collection and most importantly, statistical analyses, which made it both hard to review 

and also gave the impression that many of these choices were made without sufficient 

consideration. These include the method of DNA extraction (crucial for comparing across 

studies), the methods for performing skin swabs (Fig. S1 implies some buffer but none was 

discussed), whether there were any exclusion criteria, how samples were matched, and what 

Affymetrix plates were used for transcriptomics, to name a few. 
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ANSWER: This information is available in great detail in the Supplementary material p61-69. 

 

Comment 2: In terms of statistical analysis, it was unclear why some choices were made—99.3% 

identity for clustering, how controlling for confounders was done, but also what tests were used 

(see Figure 1A, a p-value is reported with a vague descriptor of ‘nonparametric score’, but the 

text only says ‘significantly associated’, yet this repeats in multiple results of the paper, and this 

is unclear whether this is significantly associated with one of the conditions or if multiple are 

being compared etc.). 

 

ANSWER: Concerning 99.3%, please see the answer above.  

Confounders were tested and removed as described and illustrated on in the main text on p. 8, in 

Supplementary material on page 63, last paragraph, in Table S1, and in FigS3C. The analysis of 

16S rRNA including the use of statistical tests is described in detail in Supplementary materials, 

p. 61-64. Differentially abundant OTUs were identified by comparing the abundance distribution 

of each OTU across the clinical groups (AD, PSO, HV) with the Kruskal-Wallis test (FDR, p-

value<0.05). Microbe-disease specific associations were detected testing for the differences in 

the abundances with the Mann- Whitney U-test (FDR, p-value<0.05). 
 

Comment 3: Similarly, in the transcriptomics section, the only thing that was mentioned was 

“Differential gene expression analysis (line 347) rather than the specific method used. There 

wasn’t mention about false-discovery corrections for some analyses, though mentioned for others 

(i.e. Fig 4), or whether any normalization was performed on gene abundances. Since the devil is 

in the details for microbiome analyses, this can potentially be a major issue. 

 

ANSWER: Affymetrix microarray data were normalized and technical batch effects corrected 

during preprocessing of the data using state-of-the-art methods, and all critical biological 

variables were adjusted and tested in the final linear model. Furthermore, Benjamini & Hochberg 

correction for multiple testing was used throughout the microarray analysis. This information is 

available in great detail in the Supplementary material p. 65-66.  
 

Comment 4: My other issue with the manuscript is the novelty of the results. Despite my 

disclaimer that I don’t work entirely in this field, it seems obvious both from quick lit searches 

and their own statements that there have been a number of studies that have done community 

analysis of psoriasis and AD and their analysis doesn’t particularly add much. The S. aureus-

association with AD is not a new finding, and this has been reported on many times. There have 

also been RNA-seq experiments performed on both AD (Suarez-Farinas et al, 2015 and even a 

metaanalysis of transcriptome analyses (Ding et al., 2015) and PSO (Li et al., 2014). They find 

many of the same co-occurences and pathway regulation, even according to their own statements 

(lines 552, 574). It was hard to decipher whether direct comparison could be made between the 

two disease cohorts because of the ambiguity of the matching scheme, and also the difference in 

body sampling sites. I can’t comment whether their results 

significantly improve or change our understand of PSO or AD. 

 

ANSWER: We have now added predictions of bacterial pathways, validation of 16S based 

taxonomy by WGS, functional predictions and mechanistic validations of the observed host-

microbe interactions. The analysis brings in several novel aspects of microbe-host-interplay. For 

more details, please see the answer to reviewer #1 starting on p. 2.  

 

 

Comment 5: Other issues: 
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• It was not clear how samples were matched, especially since large differences in gender 

underlie the Psoriasis and HV cohorts. Similarly, age-related dysbiosis have been reported for 

skin microbiomes which are thought to predispose individuals to AD. This wasn’t tested (or 

mentioned) within this cohort. 

• Were there any exclusion criteria? Atopic dermatitis and psoriasis can be treated in many 

ways, including topical medications (including corticosteroids), oral immunosuppressant 

therapies, antibiotics, vitamin therapies, and oral steroids as well as immunomodulators. These 

were never mentioned in the patient recruitment or analysis. 

 

ANSWER: 

Matching of samples: As indicated in Figure S1, the mean ages in the AD, PSO and HV groups 

are 44.5, 48.8 and 34.9 y, respectively. Women are slightly overrepresented in HV, and men in 

PSO. To account for these differences, age, gender, anatomical location and clinical center where 

used as covariates during the extrapolation of differentially expressed genes, and OTUs were 

corrected for gender, age, anatomical location and clinical center (Table S1). The analysis which 

combined the transcriptome and the microbiome data, included only individuals which had both 

types of samples available – a high-quality microbiome sample, and high-quality transcriptome 

sample. 

Exclusion criteria: The exclusion criteria included concomitant autoimmune diseases (e.g. 

rheumatoid arthritis, diabetes, alopecia areata, etc.) the use of systemic antibiotics within 2 weeks 

and systemic immunosuppressive therapy or phototherapy or systemic biologic agents within the 

previous 12 weeks prior to screening. Before skin sampling, the biopsy sites were left untreated 

for at least 2 weeks and cleansing with only the non- antibacterial Dove soap was allowed and 

washing was avoided for 24 hours prior to sampling. The patients or healthy volunteers who did 

not match these clinical exclusion criteria were removed from the study.  

 

This information is available in Supplementary information, p.61. 

 
Minor issues: 

Comment 6: - Hard to follow what is being plotted in many of the figures. I mentioned Fig 1A 

above, but this is the same for Fig 1B. Is this some aggregate of all of the samples, masking inter- 

personal variability? This is abnormal to group individual compositions into one composite 

composition.  
 

ANSWER: We generated individual compositions of the skin microbiota and included these in 

the supplementary information (see Fig. 5 below, included in the manuscript as Fig. S2). 

However, as this study includes 316 samples, we chose to show average microbial compositions 

of AD, PSO and HV in main Figure 1B in the manuscript. 
 

Comment 7: - The data display was very confusing—like Figure 3B is very confusing —are these 

genes up or down in these different conditions and the same direction in these different 

conditions. This was a confusing figure. Figure 3C/D are also confusing visually. Or what are 

the yellow edges in Fig 4F?  

 

ANSWER: The yellow hue inside the dark borders in Fig. 3C and 3D indicate significance, in -

log p-values. The yellow edges without a dark border in Fig. 3D indicate log fold change 

(LogFC). To simplify Fig. 3, we moved panel D to supplementary materials (Figure S7), and 

included instead dot plots of key genes in HV, AD and PSO. 
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Fig. 5. Individual compositions of the skin microbiota in AD lesions, HV normal skin and PSO lesions. The most 

abundant bacterial groups depicted for HV, AD and PSO based on 16S sequences.  

 
 

Reviewer #3 (Remarks to the Author): 

 

Comment 1: In this manuscript, the authors conducted 16S rRNA sequencing identification of 

the skin microbiome of patients with atopic dermatitis and psoriasis as well as host transcriptome 

characterization using microarrays of skin biopsies at the same sites. They showed that S. aureus 

is significantly associated with atopic dermatitis and that multiple species, such as 

Corynebacterium spp and anaerobes are associated with psoriatic skin. They also made 

classifiers to identify the microbial species that could most differentiate between atopic 

dermatitis vs normal and psoriasis vs normal skin. They then analyze the host skin transcriptome 

at these sites. 
 

Many of the findings in this paper confirm previously known studies. The skin microbiome 

findings for atopic dermatitis reflect what is already known in the literature1,2. Some findings 



 9 

for the psoriatic skin microbiome are also already known, such as the overrepresentation of 

Streptococcus spp and overabundance of Corynebacterium species (reviewed in 3) although this 

study has a different way of presenting the data (Figures 1-2). The approach of defining 

microbial classifiers of AD and psoriatic skin is novel, but without any mechanistic data to 

suggest why particular species in the classifier are disease-defining, the finding has less impact. 

Additionally, even if species within the classifier are not disease-defining but are in fact 

secondary effects of a particular type of inflammation, without mechanistic data suggesting why 

AD vs psoriatic inflammation might bias towards one set of bacteria vs another, it is hard to 

assess the biological significance of the classifier. 

 

ANSWER: The reviewer raised an important question which unfortunately cannot be addressed 
here, as it would require a whole new study on its own. However, we believe that our by far 

largest patient material ever reported in the context of the integration of skin microbiome with 
the host’s cutaneous transcriptome - obtained simultaneously from the same individuals and from 

the same anatomical locations - provides novel information regarding how microbial 
communities in the skin are involved in the regulation of skin inflammation in AD and PSO. 

 

Comment 2: The atopic dermatitis transcriptomic data reveal similar pathways as previous skin 

transcriptome studies4,5 and confirms known involved pathways, such as Th1 and Th2 pathways 

(Figure 3). The psoriasis transcriptomic data also confirm known involved pathways and prior 

studies (reviewed in 6,7), such as IL-17 signaling and IFN-g signaling (Figure 3). Although 

Figures 3-4 were clear and beautiful representations of the data, they did not offer new 

hypothesis-generating insight into disease pathogenesis. 

 

ANSWER: Since the main focus in this paper is on host-microbe-transcriptome interactions, the 
transcriptomics data per se serves mainly as proof of concept. 

 

Comment 3: The main novelty of this study is that skin microbiome and transcriptome data were 

collected at the same time, to allow for analysis of microbiome-transcriptome correlations. 

However, in their analysis, the authors did not reveal surprising information. By comparing the 

transcriptomes in AD samples with high abundance of S. aureus to those with low abundance of 

S. aureus, the authors found an enrichment of pathways such as “Keratinization” and enrichment 

in gene expression of IL18, IL1a, TNF, IFNg, and other expected pro- inflammatory cytokines 

(Figure 4C-D). 

 

The analysis of psoriatic microbiomes to transcriptomes revealed that Corynebacterium spp may 

be negatively associated with inflammatory pathways in psoriasis (p.17, line 441-461). However, 

there are no mechanistic studies to suggest that Corynebacterium is protective. 

Additionally, earlier in the microbiome study, Corynebacterium was shown to be 

overrepresented in psoriatic lesions, which seems contradictory. Perhaps, some 

Corynebacterium species are immunoregulatory or help resistance towards more inflammatory 

bacteria and are therefore protective, whereas other Corynebacterium species are positive 

associated with psoriasis because they are more pro-inflammatory. This idea would be 

interesting, but would need additional studies in order to be validated. 
 

There is another finding in the paper that I thought was interesting : abundance of anaerobic 

bacteria in AD was decreased suggesting that there is increased O2 tension in AD lesions.  
(Figure 1D, discussed in line 555-557). An analysis of metabolic pathways upregulated in 

disease states was a very successful approach to show that utilization of formate and aerobic 
respiration by E. coli was increased in gut inflammation(8) and then that blocking this particular 

microbial metabolic pathway using tungsten could ameliorate colitis (9). Therefore, if the 
authors were to use metagenomic sequencing instead of 16s rRNA sequencing to look at the 
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microbial metabolic pathways that were changed in disease states and correlate this to host 
transcriptome signatures, this study would be much more informative and more likely to generate 

hypotheses for further mechanistic studies. 

 

ANSWER: We thank reviewer for this interesting viewpoint. We address now the loss of 

anaerobes by citing work by Zeeuwen et al (2017) in the manuscript, who introduce a hypothesis 

regarding the ability of gram-positive anaerobe cocci to induce high levels of antimicrobial 

peptides in human keratinocytes, thereby strengthening the skin barrier. A complete or partial 

absence of these organisms, may therefore potentially favor colonization by S. aureus. Moreover, 

we observe metabolic shifts in the AD-associated microbiome (Figures 3-4), generating 

hypotheses for further mechanistic studies. For further details regarding these, please see above 

our response to reviewer #1, p. 2.   

 

Comment 4: The approach and intent of the study was commendable and as a field, we do need 

to move toward connecting microbiota changes to host epithelial or immunologic changes. 

However, the data presented here did not reveal many distinctive positive results. If the authors 

were to re-focus on some of the more interesting findings highlighted above and develop further 

mechanistic insight instead of presenting a broad overview of findings without specific 

hypotheses, this would greatly improve the impact of this study. 

 

ANSWER: We believe that we report here the by far largest patient material ever in the context 

of integrating the skin microbiome with the host’s cutaneous transcriptome in AD and PSO –

sampled simultaneously in the same individuals and anatomical locations. Making use of this 

exceptional resource, we present an overview of our observations, together with novel insights 

gained from observed correlations between the skin microbiota and host physiology. We have 

now added validations of 16S based taxonomy by whole genome sequencing (WGS), functional 

predictions based on the 16S markers, as well as functional insight based on WGS preliminary 

data. Moreover, we bring in mechanistic validation of the observed host-microbe interactions. 

Henceforth, this great resource will provide an exceptional asset for continued studies, digging 

deeper into the interplay between microbial communities in the skin and the regulation of atopic 

and psoriatic skin inflammation.  
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Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author):  

 

The manuscript has improved, but my impression remains that the value of this manuscript is not 

from new biological insights, but rather from the size of the dataset investigating simultaneously the 

microbiome (metagenome) and transcriptome, albeit the microbiome analysis is conducted at the 

16S level where metagenomic data would have been desirable. It remains, as I previously noted, a 

clean, high quality, and well-written study, nonetheless.  

 

One of the potential additional findings of the paper - the link between trp depletion and AD skin 

response has also been studied (most recently in Dec 2019 the decrease in trp/trp-related 

metabolites in AD skin was recently published - “A tryptophan metabolite of the skin microbiota 

attenuates inflammation in atopic dermatitis via the aryl hydrocarbon receptor” that needs to be 

cited).  

 

The authors did attempt to provide additional data by sequencing 20 of their samples using shotgun 

metagenomics - how many millions of reads? How many after removal of human DNA? This is 

important to evaluate the potential depth and whether the trp pathway is actually present or 

absent. Was trp pathway analysis presence/absence, or can you say something about the relative 

abundance of the occurrence of the pathway. More generally, the use of PiCrust for strain-specific 

phenotypes (trp auxotrophy in a portion of strains) is not advised, as in this case, as it can lead to 

misleading inferences. 

 

I maintain that looking at previous treatment as confounders is important given the high/low S. 

aureus categorization and previous literature on this point. This is a relatively straightforward 

analysis and there is not really a good reason that it has to be pushed to a second manuscript.  

 

I am not convinced about the rebutting argument to use the 99.4% similarity by looking at the 

correlation in relative abundance of S. aureus. Basically that figure says that the classifications of S. 

aureus are OK (which I agree with), but it remains that the number of OTUs identified is highly 

inflated. Because the bulk of the analysis doesn’t use the data at the OTU level, there is really no 

value to using this threshold that yields all these OTUs, and I would be sure that many of them are 

sequencing/technical/artifacts. Phylotyping would be largely fine given the point of the paper. While 

this is a technical point, it is a trivial one to correct towards a more conservative estimate of 

microbial diversity.  



   

 

 

Reviewer #2 (Remarks to the Author):  

 

I am satisfied with the additional data, information and conclusions in this revised manuscript. The 

focus on the tryptophan metabolism and the anaerobe discussion improves the unique conclusions 

of the paper. The inclusion of the metagenomic data is good, although since the PiCRUST stuff is still 

in there, the authors should show more validation, i.e. check to see if the genes they find in the 

PiCRUST analysis also correlate in these samples. Even 10 samples of each S. aureus high and low 

cohort, would be nice validation to show. The additional experimental detail is good. I would 

recommend making sure that the number of samples and the statistical tests used are in the figures. 

It takes a lot of searching to find this data and makes it hard to interpret at first glance. Another 

small comment—what immunofluorescence was used in Fig S10C—is the antibody specific to S. 

aureus? (It looks like it could just be DAPI?) I don’t think details on the microscopy were included.  

 

 

Reviewer #3 (Remarks to the Author):  

 

In the revised manuscript, the authors used their transcriptomic data from AD samples with high vs 

low S. aureus abundance to define a host tissue “S. aureus signature”. They found the GO term 

“Trytophan degradation” to be enriched in the S. aureus high group and they also found that S. 

aureus strains in the “high” group seemed to have more tryptophan biosynthesis genes and a 

majority grew independently of trytophan.  

 

Here, the authors are trying to draw a more direct connection between their host transcriptome 

data and their microbe 16s sequencing data, but the logic of this section was confusing to read. 

Specifically:  

- Line 459 – may have a fragment of a sentence or a misplaced comma.  

- Line 460-463 – I don’t understand how enrichment of microbial pathways like 

“Phosphotransferase system” etc relate to tryptophan metabolism, which is what this paragraph 

seems to be mainly about.  

- In Figure S11C, Table S4, they found that 66% of isolated S. aureus strains grew 

independently of tryptophan, and I think they are implying that this microbial trait was selected for 

by decreased host availability of tryptophan due to increased tryptophan metabolism. However, I 



don’t see in Figures S11C-D a comparison to S. aureus “low” AD samples. What if 66% of skin-

associated S. aureus strains in AD are generally tryptophan-independent, whether or not they exist 

in a “high S. aureus” or “low S. aureus” microbial environment?  

 

Additionally, the results regarding upregulated microbial pathways is based on inference from their 

16s rRNA sequencing data using PICRUSt. My understanding is that this inference is only as good as 

the database of sequenced microbial genomes and the ability to match the sequenced strain 

genomes to the 16s rRNA sequence-generated OTU. Given that different strains of the same skin-

colonizing bacterial species can have highly variable behavior in terms of virulence and immune 

stimulation, that a great number of skin bacterial strains are not sequenced (even if some members 

of the species have been sequenced), and that 16s rRNA sequencing cannot fully resolve strain-

specific differences, how can the authors feel confident in their metagenomic inferences?  

 

I do think, on page 25, the authors present an interesting idea. That is, the host attempt to limit 

available tryptophan as a defense mechanism against higher S. aureus colonization may then cause 

increased metabolites (such as 3-HAA), which are pro-inflammatory. It is then interesting to wonder 

if such metabolites like 3-HAA continue to help the host maintain a defensive immune barrier or if 

they backfire and feed into AD pathology. It is also interesting to wonder if the host defense 

mechanism of limiting tryptophan is unable to repress S. aureus colonization but does in fact repress 

colonization by benign commensal bacteria, and thus also inadvertently creates more dysbiosis. I 

wonder if the novelty of these points could be better expressed if the authors condensed lines 658-

673 (which seem to mainly restate the results) and highlighted the implications of their data more.  

 

 



Manuscript NCOMMS-18-14978 
  
Responses to the reviewers' comments: 
 
 
 
Reviewer #1 (Remarks to the Author): 
 
1. The manuscript has improved, but my impression remains that the value of this manuscript 
is not from new biological insights, but rather from the size of the dataset investigating 
simultaneously the microbiome (metagenome) and transcriptome, albeit the microbiome 
analysis is conducted at the 16S level where metagenomic data would have been desirable. It 
remains, as I previously noted, a clean, high quality, and well-written study, nonetheless.  
 
One of the potential additional findings of the paper - the link between trp depletion and AD 
skin response has also been studied (most recently in Dec 2019 the decrease in trp/trp-
related metabolites in AD skin was recently published - “A tryptophan metabolite of the skin 
microbiota attenuates inflammation in atopic dermatitis via the aryl hydrocarbon receptor” that 
needs to be cited).  
 
Was trp pathway analysis presence/absence, or can you say something about the relative 
abundance of the occurrence of the pathway. More generally, the use of PiCrust for strain-
specific phenotypes (trp auxotrophy in a portion of strains) is not advised, as in this case, as it 
can lead to misleading inferences.  
 
The authors did attempt to provide additional data by sequencing 20 of their samples using 
shotgun metagenomics - how many millions of reads? How many after removal of human 
DNA? This is important to evaluate the potential depth and whether the trp pathway is actually 
present or absent.  
 
Answer: The authors thank the reviewer for referring to the recent study by Yu et al. In the 
revised manuscript, we have now cited the study, please see page 26, lines 698-700. Although 
in the present work we did not investigate trp metabolites, we maintain that the simultaneous 
high-throughput characterization of trp metabolism genes in the host transcriptome and 
microbiome provides novel insights.   
 
Detailed information on sequencing read counts for human and microbial DNA is provided in 
Table 1 of our point-by-point (please see below). Shotgun metagenomic libraries contained 
between 2-18.5% microbial DNA while read counts ranged from 0.15-5.5 million and were 
comparable to those achieved in recent large-scale microbiome studies by Chng et al or Tett 
et al 1,2. Thus, taking into account the quality of WGS libraries, together with the additional 
information of independent culture-based Trp-dependence assays (Figure S12b), the authors 
feel confident in their WGS validation presented in Figure S12c in the manuscript. However, 
we agree that the role of Trp metabolites in host-microbial interactions in AD is an important 
issue to further explore in subsequent studies. 
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Table 1. Sequence reads before and after removing human DNA.  
 
 
 
2. I maintain that looking at previous treatment as confounders is important given the high/low 
S. aureus categorization and previous literature on this point. This is a relatively straightforward 
analysis and there is not really a good reason that it has to be pushed to a second manuscript. 
  
Answer: We analyzed the potential effect of treatments according to the reviewer suggestions, 
as shown in Table 2 or our point-by-point reply (please see TABLE 2 at the end of this 
document). Analysis was carried out in the same manner as confounding factor analysis for 
age, gender, sampling institution and body site, applying Wilcoxon rank-sum test followed by 
Benjamini-Hochberg multiple testing correction. We have found no significant associations 
between treatments and the top 95 most abundant microbiota in atopic dermatitis. In the case 
of psoriasis, a single Acinetobacter OTU showed an association (p=0.019) with topical coal tar 
treatment. Topical coal tar treatment was only used in a small subset within the psoriasis cohort 
(n=24). The specific Acinetobacter OTU did not demonstrate any significant associations with 
the host transcriptome and was not used or referenced in any analyses of the present study. 
Hence we decided not to include this information into the revised manuscript.  
         
 
3. I am not convinced about the rebutting argument to use the 99.4% similarity by looking at 
the correlation in relative abundance of S. aureus. Basically that figure says that the 
classifications of S. aureus are OK (which I agree with), but it remains that the number of OTUs 
identified is highly inflated. Because the bulk of the analysis doesn’t use the data at the OTU 
level, there is really no value to using this threshold that yields all these OTUs, and I would be 
sure that many of them are sequencing/technical/artifacts. Phylotyping would be largely fine 
given the point of the paper. While this is a technical point, it is a trivial one to correct towards 
a more conservative estimate of microbial diversity.  
 
Answer: We appreciate this concern and we appreciate that the reviewer agrees that the OTU 
classifications are correct using the higher cutoff.  We agree though, that the OTU number we 
have reported is unnecessarily high as a result. After careful analysis, we have found that the 
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high number is mainly caused by the generation of a large number of very low-abundance 
OTUs in our data set, partly caused by the high similarity cutoff. We have therefore solved the 
problem by filtering out OTUs that have less than 15 reads in the entire dataset. This resulted 
in a total of 3342 OTUs instead of the 17k we reported previously. This gives a more accurate 
representation of the data. 
 
 
Reviewer #2 (Remarks to the Author): 
 
 
1. I am satisfied with the additional data, information and conclusions in this revised 
manuscript. The focus on the tryptophan metabolism and the anaerobe discussion improves 
the unique conclusions of the paper. The inclusion of the metagenomic data is good, although 
since the PiCRUST stuff is still in there, the authors should show more validation, i.e. check to 
see if the genes they find in the PiCRUST analysis also correlate in these samples. Even 10 
samples of each S. aureus high and low cohort, would be nice validation to show.  
 
Answer: We have analyzed relevant genes as suggested by the Reviewer, validating 
PiCRUST predictions (Fig. 1, Fig. S8 in the manuscript).  
 

 
Fig. 1 Prediction and validation of the S. aureus metagenome. a Significantly differentially enriched microbial pathways 
between S. aureus ‘high’ (n=27) and ‘low’ (n=25) groups. Gene content of individual OTUs was inferred using the Greengenes 
v.13.5 database, and subsequently used to predict enriched microbial pathways in the respective disease groups. b Abundance 
of relevant genes by WGS. c Contribution of individual OTUs to relevant microbial pathways. The gene content of individual OTUs 
was inferred using the Greengenes v.13.5 database, and subsequently used to predict enriched microbial pathways in the 
respective disease groups. Horizontal bars represent the percentage of genes contributed by the most abundant microbes in the 
dataset. X-axis: sum of relative contributions per sample. Y-axis: contribution across S. aureus ‘high’ and S. aureus ‘low’ samples, 
respectively. 
 
 
2. The additional experimental detail is good. I would recommend making sure that the number 
of samples and the statistical tests used are in the figures. It takes a lot of searching to find 
this data and makes it hard to interpret at first glance.  
 
Answer: The details have been added.  
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3. Another small comment—what immunofluorescence was used in Fig S10C—is the antibody 
specific to S. aureus? (It looks like it could just be DAPI?) I don’t think details on the microscopy 
were included. 
 
Answer: In this experiment, a single S. aureus strain (ATCC 29213) was applied onto sterile 
3D human epidermal equivalents. We indeed use DAPI (DAPI Fluoromount-G, Southern 
Biotech) to detect all DNA in the sample, hence the staining of both human DNA (keratinocyte 
nuclei) and the bacterial DNA on top of the stratum corneum. This staining allows for a 
visualization of the bacteria to determine the distribution of bacteria topically applied, but does 
not specifically discriminate bacterial species. Since we in this case applied a single bacterial 
strain, the DAPI stain herein used is sufficient to discriminate the bacteria in the 3D culture 
model. 
 
 
 
Reviewer #3 (Remarks to the Author): 
 
1. In the revised manuscript, the authors used their transcriptomic data from AD samples with 
high vs low S. aureus abundance to define a host tissue “S. aureus signature”. They found the 
GO term “Trytophan degradation” to be enriched in the S. aureus high group and they also 
found that S. aureus strains in the “high” group seemed to have more tryptophan biosynthesis 
genes and a majority grew independently of trytophan.  
 
Here, the authors are trying to draw a more direct connection between their host transcriptome 
data and their microbe 16s sequencing data, but the logic of this section was confusing to read. 
Specifically: 
- Line 459 – may have a fragment of a sentence or a misplaced comma. 
 
- Line 460-463 – I don’t understand how enrichment of microbial pathways like 
“Phosphotransferase system” etc relate to tryptophan metabolism, which is what this 
paragraph seems to be mainly about. 
 
Answer: The authors thank the reviewer for this suggestion. The section has been rewritten. 
Please see page 18, lines 461-470, and page 26-27, lines 696-717.  Figures S8 and S12 have 
been revised accordingly and rearranged for a clearer presentation of the referenced data. 
 
 
2. - In Figure S11C, Table S4, they found that 66% of isolated S. aureus strains grew 
independently of tryptophan, and I think they are implying that this microbial trait was selected 
for by decreased host availability of tryptophan due to increased tryptophan metabolism. 
However, I don’t see in Figures S11C-D a comparison to S. aureus “low” AD samples. What if 
66% of skin-associated S. aureus strains in AD are generally tryptophan-independent, whether 
or not they exist in a “high S. aureus” or “low S. aureus” microbial environment? 
 
Answer: In S. aureus ‘low’ samples, the pathogen is indeed absent, or present at extremely 
low abundance. Hence, isolation of S. aureus strains from these patients is not possible and 
the coverage of metagenomic shotgun sequencing for the species is also too shallow to identify 
S. aureus-specific Trp gene sequences with the necessary confidence. Trp-dependence 
assays were performed in S. aureus strains isolated from an independent AD collective and 
findings were confirmed by whole-genome metagenomic sequencing in the MAARS S. aureus 
‘high’ cohort. On the other hand, assessment of the general independence of S. aureus strains 
from Trp requires analysis and data collection beyond the scope of our present study. 
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However, the hypothesis that the particular means of host defense by Trp depletion is 
ineffective against the majority of skin colonizing S. aureus strains in the S. aureus ‘high’ group 
is not affected by these limitations. 
 
 
3. Additionally, the results regarding upregulated microbial pathways is based on inference 
from their 16s rRNA sequencing data using PICRUSt. My understanding is that this inference 
is only as good as the database of sequenced microbial genomes and the ability to match the 
sequenced strain genomes to the 16s rRNA sequence-generated OTU. Given that different 
strains of the same skin-colonizing bacterial species can have highly variable behavior in terms 
of virulence and immune stimulation, that a great number of skin bacterial strains are not 
sequenced (even if some members of the species have been sequenced), and that 16s rRNA 
sequencing cannot fully resolve strain-specific differences, how can the authors feel confident 
in their metagenomic inferences?  
 
Answer: Although a significant limitation of prediction methods is, naturally, the missing 
information on yet unsequenced bacterial strains, the extended ancestral state-reconstruction 
algorithm developed for PICRUSt has produced up to r=0.8-0.9 correlation with WGS datasets 
3. As our present study focused on a condition dominated by a single, well-studied and well-
annotated species, we aimed to gain preliminary insight into the mechanisms of S. aureus 
colonization using the PICRUSt method. Furthermore, we have provided experimental 
validation of microbial genes predicted to show significantly higher abundance in S. aureus-
high compared to S. aureus-low samples, using preliminary data from 10 whole-genome 
shotgun sequencing samples of each group. Our validation dataset shows a strikingly high 
concordance with the findings of 16S rRNA gene-based predictions.  
 
 
4. I do think, on page 25, the authors present an interesting idea. That is, the host attempt to 
limit available tryptophan as a defense mechanism against higher S. aureus colonization may 
then cause increased metabolites (such as 3-HAA), which are pro-inflammatory. It is then 
interesting to wonder if such metabolites like 3-HAA continue to help the host maintain a 
defensive immune barrier or if they backfire and feed into AD pathology. It is also interesting 
to wonder if the host defense mechanism of limiting tryptophan is unable to repress S. aureus 
colonization but does in fact repress colonization by benign commensal bacteria, and thus also 
inadvertently creates more dysbiosis. I wonder if the novelty of these points could be better 
expressed if the authors condensed lines 658-673 (which seem to mainly restate the results) 
and highlighted the implications of their data more. 
  
Answer: The authors thank the reviewer for this suggestion. The paragraph has been revised 
accordingly, on page 18, lines 461-470, and page 26-27, lines 696-717.  Figures S8 and S12 
have been rearranged for a clearer representation of supporting data. 
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   TABLE 2. Analysis of the effect of medical treatments on the microbial diversity analyses. 
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REVIEWERS' COMMENTS:  

 

Reviewer #1 (Remarks to the Author):  

 

We feel the authors have sufficiently addressed my concerns for the manuscript. Congratulations on 

a great paper.  

 

 

Reviewer #2 (Remarks to the Author):  

 

I am satisfied with what the authors have done to address the comments.  

 

 

Reviewer #3 (Remarks to the Author):  

 

The manuscript has improved; the sections in the results and discussion regarding interpretation of 

the S. aureus and host transcriptional signatures is now much better explained.  

 

For Figure S8b, I could not find the methods about how you picked the genes shown in Figure S8b. 

For example, under "Two_Component_System", only 15 genes have abundance data shown. Were 

these ones picked because they showed the best differences across the SA high vs low categories? 

Or were these the ones that had the best WGS coverage? I'm sorry if the methods are clearly stated 

somewhere, but I couldn't find it easily. 



Manuscript NCOMMS-18-14978 
  
Responses to the reviewers' comments: 
 
Reviewer #3 (remarks to the author):  
  
For Figure S8b, I could not find the methods about how you picked the genes shown in 
Figure S8b. For example, under "Two_Component_System", only 15 genes have abundance 
data shown. Were these ones picked because they showed the best differences across the 
SA high vs low categories? Or were these the ones that had the best WGS coverage? I'm 
sorry if the methods are clearly stated somewhere, but I couldn't find it easily. 
 
Answer:  
Indeed, the heatmap presented in Figure S8b shows the top most significantly differentially 
abundant set of microbial genes between the S. aureus-high and S. aureus-low, with a cutoff 
of log2 fold-change > 1 and adjusted p-value < 0.05, annotated with the relevant KEGG 
pathway categories. The statistical test used was the zero-inflated Gaussian model 
implemented in the metagenomeSeq R package with adjustment for sampling site, body site, 
age, sex and library preparation. The figure legend has been updated accordingly 
(Supplementary Fig. 8b). 
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