STROBE Statement—checklist of items that should be included in reports of cohort studies

	[bookmark: bold1][bookmark: italic1][bookmark: bold2][bookmark: italic2][bookmark: bold3][bookmark: italic3][bookmark: bold4][bookmark: italic4][bookmark: italic5]
	Item No.
	Recommendation
	Page 
No.
	Relevant text from manuscript

	[bookmark: bold5][bookmark: italic6]Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	            2
	This nested cohort study…

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	            2
	The study observed shifts in microbiome composition influenced by various factors, including sepsis, at different postnatal stages…

	[bookmark: bold7][bookmark: italic8]Introduction
	

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	            4
	This study sheds light on the sensitive process of establishing the gut microbiome following extremely preterm birth…

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	             4        
	To investigate the effect of the enteral LCPUFA supplementation on the gut microbiome of extremely preterm infants,

	[bookmark: bold11][bookmark: italic12]Methods
	

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	               4
	A total of 128 stool samples were collected from 75 extremely preterm born infants, born between 22+3 to 27+6 weeks of gestation

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	               4
	2016-2019 and treated at NICUs in Gothenburg, Lund or Stockholm, Sweden. …etc

	Participants
	6
	(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
	               4
	The current study was a nested cohort of infants within the MegaDonnaMega trial (MDM, Clinical Trial.gov identifier NCT03201588), a randomized clinical trial investigating the effect of enteral lipid supplement AA and DHA (Formulaid®) compared to standard care31.
… The stool samples were collected at four time points after birth: 3-5 days, 14 days, 28 days and at discharge from the neonatal ward or at the latest 34 weeks postmenstrual age.

	[bookmark: bold14][bookmark: italic15]
	
	(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
	
	N/A

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	           4
	To investigate the effect of the enteral LCPUFA supplementation on the gut microbiome of extremely preterm infants, longitudinal stool samples and serum protein levels from 75 infants from the MegaDonnaMega study were examined through shotgun metagenomics analysis.

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	        5-7
	Under the following headlines: Collection of stool samples, blood samples and medical data
And
Preparation, extraction and sequencing of samples
And
Species and functional pathway abundance profiling
And
Serum proteome profiling

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	       14
	It is important to point out that this study had several incomplete sets of longitudinal fecal samples. This is to be expected from a cohort of this nature but is an important consideration for the statistical analysis. In addition, exact dates and agents for antibiotic treatment are not included in the analysis. However, 100% of the infants received at least one course of antibiotics during the study period, and 65% of the infants received antibiotics due to a suspected or verified infection, with a median number of total days with antibiotics in the study cohort of 20 days.

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	4-5
	The current study was a nested cohort of infants within the MegaDonnaMega trial (MDM, Clinical Trial.gov identifier NCT03201588), a randomized clinical trial investigating the effect of enteral lipid supplement AA and DHA (Formulaid®) compared to standard care.
And
The details of the MDM trial have been described elsewhere
And
A total of 128 stool samples were collected from 75 extremely preterm born infants, born between 22+3 to 27+6 weeks of gestation in 2016-2019 and treated at NICUs in Gothenburg, Lund or Stockholm, Sweden.


[bookmark: bold22][bookmark: italic22]Continued next page 

	[bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	           6-7
	Alpha and beta diversity metrics were calculated using the ‘calculate_diversity.r’ script within the ‘MetaPhlan4’ Github repository. Differential abundance analysis between species alone and when compared with Olink proteomics data was performed using the mixed modelling package Maaslin2 using default parameters for prevalence filtering (10%), relative abundance (0%) and significance (q < 0.25) 53. Biologically relevant confounders were mode of delivery, birth weight, sepsis, NEC, timepoint, greater than 14 days of parenteral nutrition, and sex. Spearman correlation rho and p-values were calculated using the python ‘scipy’ package, and the p-values were adjusted to q-values with Benjamini-Hochberg where False Discovery rate (FDR) < 0.05. Networks were constructed using ‘Cytoscape’. Mann Whitney Wilcoxon (M.W.W.) values were calculated with the Python ‘scipy’ package, and the p-values were adjusted to q-values with Benjamini-Hochberg where FDR < 0.05. Univariate PERMANOVA p-values were calculated from Bray-Curtis dissimilarities using the ‘permanova’ function from ‘skbio.stats.distance’ and used to compute the importance of factors54.

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	            6-7
	See above

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	            6-7
	See above

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	              14
	It is important to point out that this study had several incomplete sets of longitudinal fecal samples. This is to be expected from a cohort of this nature but is an important consideration for the statistical analysis.

	[bookmark: bold26][bookmark: italic28]
	
	(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
	
	N/A

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	
	-

	Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	          4+7
	A total of 128 stool samples were collected from 75 extremely preterm born infants, born between 22+3 to 27+6 weeks of gestation in 2016-2019 and treated at NICUs in Gothenburg, Lund or Stockholm, Sweden. After stabilization the first weeks after birth, a number of infants were transferred to a level two-NICU at regional hospitals. The current study was a nested cohort of infants within the MegaDonnaMega trial (MDM, Clinical Trial.gov identifier NCT03201588), a randomized clinical trial investigating the effect of enteral lipid supplement AA and DHA (Formulaid®) compared to standard care.
The details of the MDM trial have been described elsewhere
And
To evaluate the development of the infant gut microbiome, a total of 128 stool samples across four time points from 75 extremely preterm infants cared for at three Swedish NICUs were analyzed by shotgun metagenomics (Fig. 1a.). Patient characteristics for the MDM trial were described previously31,43,44. The stool samples were longitudinally collected on day 3-5 after birth (first passed stool, T1 n=43), day 14 (T2 n=36), day 28: (T3 n=25), and at discharge from the ward or at week 34 PMA at latest (T4 n=24). However, these samples were not always linked; two infants had four linked samples, 13 had three linked samples, 21 two linked samples and 39 infants had only one sample after quality control (Figure S1). Proteomic data was available for 69 of the 75 infants.

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	          14
	It is important to point out that this study had several incomplete sets of longitudinal fecal samples. This is to be expected from a cohort of this nature but is an important consideration for the statistical analysis. In addition, exact dates and agents for antibiotic treatment are not included in the analysis. However, 100% of the infants received at least one course of antibiotics during the study period, and 65% of the infants received antibiotics due to a suspected or verified infection, with a median number of total days with antibiotics in the study cohort of 20 days.
Nonetheless, the study consisted of a large and unique group of extremely preterm infants with sampling at different time points, despite the difficulties of collecting microbiome samples in such a vulnerable population in a challenging setting.

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	
	Added as a new supplementary fig

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	           7
	The cohort was categorized by enteral LCPUFA supplementation, (n=29), caesarean delivery mode (n=47), sepsis (confirmed or suspected n=39) and NEC (n=6) and those who received parenteral nutrition for more than 14 days during the first month (n=48). All included infants received at least one course of antibiotics during the study period (data missing for six individuals). Current standard care in Sweden at the time was antibiotics for the first days of their life if they had umbilical or other central lines inserted. That routine has changed today as the use of prophylactic antibiotics has been restricted. Forty-nine (65%) of the infants received antibiotics due to a suspected or verified infection. The median number of total days with antibiotics in the study cohort was 20 days (interquartile range 13-33 days, data missing for six individuals.)
And 
Patient characteristics for the MDM trial were described previously

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	    7
	The stool samples were longitudinally collected on day 3-5 after birth (first passed stool, T1 n=43), day 14 (T2 n=36), day 28: (T3 n=25), and at discharge from the ward or at week 34 PMA at latest (T4 n=24). However, these samples were not always linked; two infants had four linked samples, 13 had three linked samples, 21 two linked samples and 39 infants had only one sample after quality control (Figure S1). Proteomic data was available for 69 of the 75 infants. The cohort was categorized by enteral LCPUFA supplementation, (n=29), caesarean delivery mode (n=47), sepsis (confirmed or suspected n=39) and NEC (n=6) and those who received parenteral nutrition for more than 14 days during the first month (n=48). All included infants received at least one course of antibiotics during the study period (data missing for six individuals).

	[bookmark: bold37][bookmark: italic37]
	
	(c) Cohort study—Summarise follow-up time (eg, average and total amount)
	7
	The stool samples were longitudinally collected on day 3-5 after birth (first passed stool, T1 n=43), day 14 (T2 n=36), day 28: (T3 n=25), and at discharge from the ward or at week 34 PMA at latest (T4 n=24).

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Cohort study—Report numbers of outcome events or summary measures over time
	8+fig 1+ figs2+fig3
	Following short-read metagenomic sequencing, contaminants were removed, and species and functional profiles were characterized. All metagenomes passed over half the quality metrics in FastQC 0.11.3 with pass rates calculated in MultiQC55. Taxonomic profiling of these 128 samples resulted in a total of 543 taxa comprising 203 Species-Level Genome Bins (SGBs), 182 species, 67 genera, 42 families, 24 orders, 16 classes, 7 phyla and 2 kingdoms with an average of 10.1 ± 5.4 SGBs per sample. 
Alpha diversity metrics were calculated for all samples to monitor the gut microbiome maturation rate (Fig. 1, Fig. S2). At the first passed stool (T1), infants had a median of seven pioneer species colonizing their gut (Fig 1b, Fig. S2).
And 
Of the 538 serum proteins quantified, 56 (10%) had differential levels in the LCPUFA supplementation arm when adjusting for biologically meaningful covariates (16 increased and 40 decreased respectively) (Fig. 3).

	
	
	Case-control study—Report numbers in each exposure category, or summary measures of exposure
	
	

	
	
	Cross-sectional study—Report numbers of outcome events or summary measures
	
	

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	Fig 1, fig2, fig 3, page9
	we explored the differences in relative abundance between intervention and standard care groups controlling for relevant covariates (methods). Enteral supplementation with LCPUFAs was related to a gradual enrichment in the relative abundance of Citrobacter koseri (C. koseri) (MaAsLin2, coef = 2.65, q-value = 0.0941) (Fig. 2a, b and c, Table S2).

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	     9
	

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	-


[bookmark: italic43][bookmark: bold44]Continued on next page 

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	9+ fig 3
	With insights into how the gut microbiome forms in extremely preterm infants under various conditions, we aimed to connect these microbial differences to the development of other physiological systems. Accordingly, we incorporated blood protein levels as an essential link between the gut and those systems. Previously published Olink proteomics data for this cohort enabled a multi-omics approach that integrates gut microbiome composition, functional pathways, protein levels, and relevant clinical metadata52.
Of the 538 serum proteins quantified, 56 (10%) had differential levels in the LCPUFA supplementation arm when adjusting for biologically meaningful covariates (16 increased and 40 decreased respectively) (Fig. 3). The present study shows associations between the gut microbiome and protein levels following the intervention (Fig 3).

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	10
	Here, by exploring the gut microbiome dynamics in 75 extremely preterm infants we highlight the complex interplay between degree of immaturity, environmental influence, acquired morbidity and the gut microbiome development. An increasing number of studies are using shotgun metagenomics to study longitudinal microbiota development in preterm infants17. We have investigated the longitudinal microbiome maturation in extremely preterm infants using state-of-the-art shotgun metagenomics combined with front-line analytic pipelines, allowing for deeper more thorough detection of bacterial material at low levels. 
The initial low richness identified in the infants is expected and in line with previous publications60. The increased richness over time, as well as the changes in composition, illustrate the development of the gut microbiome. The fact that GA-strata influence the microbiome beta diversity implies that the most immature infants have a slower rate of gut microbiome maturation (Fig. 1d). This has also been demonstrated earlier by Bäckhed et al. and Gibson et al., among others2,61. GA-strata however did not significantly impact the development of the gut microbiome alpha diversity (Supplementary Fig. 2)

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	14
	It is important to point out that this study had several incomplete sets of longitudinal fecal samples. This is to be expected from a cohort of this nature but is an important consideration for the statistical analysis. In addition, exact dates and agents for antibiotic treatment are not included in the analysis. However, 100% of the infants received at least one course of antibiotics during the study period, and 65% of the infants received antibiotics due to a suspected or verified infection, with a median number of total days with antibiotics in the study cohort of 20 days.

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	14
	In conclusion, the present study showed dynamic changes of the gut microbiome of the extremely preterm infant, impacted by gestational age at birth and postnatal age. These results demonstrate that enteral supplementation with the LCPUFAs AA and DHA affected the development of the early intestinal microbiome. If this effect on the early gut colonization and its associated metabolic changes is beneficial for the preterm infant, cannot be determined from the present study; however, no indications of harmfulness were identified. We conclude that supplementation increase the intestinal colonization with certain bacteria, mainly C. koseri, resulting in changes in protein and metabolic pathways in relation to the intervention. The study centre influences the microbiome substantially, particularly during the first weeks after delivery. To investigate if the effect of the study centre on the microbiome is related to different environmental flora at the different NICUs or different nutritional and treatment regimens needs to be addressed by follow-up studies.

	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	14
	If this effect on the early gut colonization and its associated metabolic changes is beneficial for the preterm infant, cannot be determined from the present study; however, no indications of harmfulness were identified.
And
The study centre influences the microbiome substantially, particularly during the first weeks after delivery. To investigate if the effect of the study centre on the microbiome is related to different environmental flora at the different NICUs or different nutritional and treatment regimens needs to be addressed by follow-up studies.

	[bookmark: italic49][bookmark: bold50]Other information
	

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	21
	The study centre influences the microbiome substantially, particularly during the first weeks after delivery. To investigate if the effect of the study centre on the microbiome is related to different environmental flora at the different NICUs or different nutritional and treatment regimens needs to be addressed by follow-up studies.



*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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