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Figure S1: Overall distribution of all reads from 3014 nasopharyngeal samples, related to Figure 1.
(A) Percentage of reads classified to common genera in healthy, URI and LRI samples in each of the five years. (B) OTU distributions within each of six common genera in half yearly time periods, separately for healthy and ARI samples. OTUs making up less than 1% in a time period will be grouped under “rare OTUs”. The relationships between major OTUs within each genus are shown to the left of the tree in Figure 1.
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Figure S2: Phylogenetic trees for the six common genera, showing position of OTU sequences relative to sequences from known species, related to Figure 1. Tree is based on 16S rRNA V4 region sequenced in this study. Representative trimmed V4 sequences (shaded boxes; coloured according to Figure 1 for major OTUs, grey for rare OTUs) were used as queries for nucleotide BLAST search of NCBI 16S ribosomal RNA (Bacteria and Archaea) database; homologous sequences (unshaded) were downloaded and used to generate multiple alignments with the OTU sequences (using MUSCLE), from which maximum likelihood phylogenetic trees were inferred (using PhyML with a GTR substitution model). OTU sequences are labelled with the Greengenes ID number and the proportion of all taxonomy-assigned reads that this OTU sequence represents. Note some OTU sequences have multiple numbers, as some Greengenes entries were identical in the sequenced V4 region; counts for these identical-V4 OTUs were aggregated for analysis, and are referred to throughout the manuscript using the first ID number only (bold).
 
(A) Haemophilus
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Figure S2 (B) Streptococcus
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Figure S2 (C) Moraxella
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Figure S2 (D) Alloiococcus
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Figure S2 (E) Staphylococcus
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Figure S2 (F) Corynebacterium
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Figure S3:  Diversity over time across all samples, related to Figure 2.
Solid and dashed lines are the loess smoothed curves and corresponding 95% confidence intervals. (A) Number of OTUs per sample (red=LRI, blue=URI, black=Healthy). (B) Equitability per sample (colours as in panel A). (C) Shannon diversity index for each major MPG across 2904 samples (96% of all samples).
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Figure S4: OTU specific ARI versus healthy associations over time, related to Figure 3. 
(next page)
(A) Log2 fold change of ARI vs. healthy up to and after 2 years of age were estimated using a zero inflated Gaussian mixture model fitted to the log transformed cumulative sum scaled OTU counts, and adjusted for age, season, gender, and any antibiotics within the last 4 weeks. OTUs from the six major genera are coloured accordingly, with the characteristic OTUs in solid dots. OTUs from other genera are coloured black and those that were significant (absolute difference > 1.5 fold and FDR adjusted p-value < 0.025) in at least one time-period are labelled. (B) Same as (A), but further adjusting for relative abundance of Moraxella 4398454 OTU as a covariate. (C) Relative abundance of health-associated OTUs outside the six major genera (labelled in bottom left quadrant of panel A), stratified by MPG. (D) Relative abundance of ARI-associated OTUs outside the six major genera (labelled in top right quadrant of panel A), stratified by MPG.
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Figure S5: Frequency of bacterial microbiome profile groups (MPGs) among samples without co-detection of viruses (No virus), with co-detection of any virus, or specific viruses (RV or RSV), separately for healthy, URI and LRI samples, related to Figure 5.  
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Figure S6: Bray-Curtis distances between consecutive sample pairs, stratified into stable transitions (same non-mixed MPG), transitions from Mixed 1 MPG to Mixed 1 MPG, and unstable transitions (change in MPG), related to Figure 4D. 
***p<0.001 Wilcoxon rank sum test.
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Figure S7, related to Figure 5C. 
Proportion of healthy samples assigned to Moraxella, Streptococcus or Haemophilus MPGs, stratified by time relative to a recorded URI episode. Standard error bars are given for the Moraxella MPG. 
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Table S1, related to Figure 1A: NCBI blast searches of closest matches to the V4 region of specific OTUs. Also see phylogenetic trees of BLAST results for Streptococcus and Haemophilus OTUs in Figure S2.

	OTU ID
	Greengenes taxonomy
	Closest matched species by BLAST

	1059655
	Streptococcus
	pneumoniae / pseudopneumoniae

	1004451
	Streptococcus
	infantis / oralis / mitis

	851934
	Streptococcus
	lactarius / peroris

	509773
	Streptococcus
	thermophilus / vestibularis / salivarius

	4455633
	Streptococcus
	pyogenes

	4365744
	Streptococcus
	gordonii

	240051
	Haemophilus
	influenzae / haemolyticus

	4469627
	
	

	956702
	Haemophilus
	aegyptius

	4398454
	Moraxella
	catarralis

	1057260
	Moraxellaceae
	Moraxella lincolnii

	854899
	
	

	929976
	Staphylococcus
	aureus / capitis / caprae / epidermidis / haemolyticus / hominis / jettensis / lugdunensis / pasteuri / petrasii / saccharolyticus / simiae / warneri

	948982
	
	

	407721
	
	

	886735
	Alloiococcus
	otitidis (Dolosigranulum pigrum)

	4474764
	Corynebacterium
	pseudodiphtheriticum / propinquum

	4376867
	Corynebacterium
	accolens/macginleyi

	1049188
	Corynebacterium
	propinquum





Table S2: Summary of the 15 microbiome profile groups (MPGs), related to Figure 1. 
Last column: Odds ratios (OR), 95% CI and p-values estimated using GEE logistic regression with unstructured correlation and robust standard errors of ARI vs. healthy against classification into respective MPGs, adjusting for age, gender, season and recent antibiotics.
	MPG category
	MPG
	N
	Dominant OTU
	% abundance of dominant OTU, median (IQR)
	ARI vs. healthy
OR (95% CI), p

	Illness-associated MPGs
	Moraxella
	1179
	4398454
	74% (56%-89%)
	1.3 (1.2-1.6)
p = 1.8x10-4

	
	Streptococcus
	337
	1059655
	55% (41%-71%)
	3.9 (2.9-5.3)
p =1.7 x10-17

	
	Haemophilus
240051
	146
	240051
	68% (50%-82%)
	4.6 (3-7)
p =1.9 x10-12

	
	Haemophilus
956702
	99
	956702
	49% (35%-67%)
	

	
	Haemophilus
4469627
	14
	4469627
	51% (45%-66%)
	

	Health-associated MPGs
	Corynebacterium
	104
	4474764
	73% (57%-83%)
	0.35 (0.25-0.5) 
p =4.1 x10-9

	
	Corynebacterium
4376867
	17
	4376867
	69% (53%-83%)
	

	
	Corynebacterium
1049188
	5
	1049188
	71% (67%-77%)
	

	
	Alloiococcus-Corynebacterium
	325
	886735, 
4474764
	43% (33%-55%)
	0.54 (0.43-0.69)
p =5.9 x10-7

	
	Staphylococcus
	253
	929976
	43% (29%-62%)
	0.32 (0.25-0.41)
p =1.1 x10-18

	All other
MPGs
	Other Streptococcus
	15
	other Streptococcus OTUs*
	68% (62%-79%)
	1.4 (0.58-3.2) 
p =0.48

	
	Moraxellaceae
1057260
	134
	1057260
	55% (43%-73%)
	0.66 (0.47-0.93)
p =0.016

	
	Moraxellaceae
854899
	8
	854899
	54% (46%-82%)
	

	
	Mixed 1
	327
	rare OTUs**
	56% (42%-69%)
	0.82(0.63-1.1) 
p =0.13

	
	Mixed 2
	51
	rare OTUs**
	20% (7%-34%)
	0.58 (0.31-1.1)
 p =0.081

	*excluding Streptococcus OTU 1059655
**rare OTUs as in Figure 1A
	

	
	




Table S3, related to Figure 2: Shannon diversity index
Shannon diversity index (SDI, median(IQR)) of samples within each MPG, separately for healthy, URI and LRI samples. FDR corrected p-values for comparing URI vs. healthy and LRI vs. healthy were obtained using GEE linear regression with robust standard errors and unstructured correlation, adjusting for age at collection. 

	
	Healthy
	URI
	FDR
p-value

(URI vs. healthy)
	LRI
	FDR
p-value

(LRI vs. healthy)

	MPG
	N
	SDI
	N
	SDI
	
	N
	SDI
	

	Moraxella
	330
	1.1(0.72-1.6)
	401
	1(0.53-1.5)
	0.011
	448
	0.97(0.52-1.4)
	0.0026

	Streptococcus
	40
	2(1.6-2.4)
	129
	1.6(1.4-1.9)
	0.011
	168
	1.6(1.4-1.9)
	0.0014

	Haemophilus 240051
	16
	2.2(1.9-2.6)
	54
	2.1(1.8-2.3)
	0.43
	76
	1.7(1.5-2)
	0.018

	Haemophilus 956702
	8
	2.1(1.5-2.4)
	48
	1.7(1.4-2.1)
	0.31
	43
	1.8(1.3-2.1)
	0.37

	Haemophilus 4469627
	3
	2.4(2.2-2.8)
	5
	1.6(1.5-1.7)
	-
	6
	2(1.8-2.4)
	-

	Alloiococcus- Corynebacterium
	169
	1.3(1-1.8)
	82
	1.4(1.1-1.9)
	0.78
	74
	1.5(1.2-2)
	0.078

	Corynebacterium
	65
	0.96(0.69-1.4)
	21
	1.4(1.1-1.9)
	0.068
	18
	1.2(0.92-1.6)
	0.099

	Corynebacterium 4376867
	10
	1.7(1-1.8)
	3
	1.7(1.5-1.8)
	-
	4
	0.63(0.33-1.8)
	-

	Corynebacterium 1049188
	3
	1.4(1-1.8)
	2
	1.4(0.99-1.8)
	-
	0
	-
	-

	Staphylococcus
	158
	2.7(2.3-3.3)
	52
	2.9(2.4-4)
	0.75
	43
	2.7(2.2-3.3)
	0.37

	Other Streptococcus
	4
	2.4(1.7-2.8)
	5
	2.6(2.6-2.7)
	-
	6
	2.6(2.4-2.9)
	-

	Moraxellaceae 1057260
	59
	1.3(0.94-2.2)
	40
	1.6(1.3-2.1)
	0.78
	35
	1.4(1-2)
	0.86

	Moraxellaceae 854899
	5
	1.3(0.77-2.2)
	2
	1.4(1.2-1.7)
	-
	1
	1.3(1.3-1.3)
	-

	Mixed 1
	122
	3.9(3.3-4.3)
	109
	3.8(3.2-4.2)
	0.052
	96
	3.5(3.1-3.9)
	0.012

	Mixed 2
	26
	2.9(2.5-3.4)
	11
	2.9(2.7-3.2)
	0.87
	14
	3.1(2.2-3.4)
	0.67






Table S4: Association between MPG instability and intervening illness and antibiotics, related to Figure 4. We considered pairs of consecutive healthy samples from each individual (excluding the 2-month time point and sample pairs collected >1 year apart), and classified stable transitions as pairs in which the same (non-mixed) MPG present at the first time point was also present at the next healthy sample. Stable transition probabilities for individual MPGs are given in Figure 4D. Here we investigate the impact of extrinsic factors on instability of different groups of MPGs by using a generalized estimating equation (GEE) logistic model with unstructured correlation and robust standard errors, to regress MPG transition instability (stable = 0, unstable = 1) against the presence of intervening ARI, LRI or antibiotics, and further adjusting for age of first sample and difference in ages between samples. Separate models were fit for groups of MPGs associated with acute respiratory illness or respiratory health (as defined in Table S2), and for each of the two most common MPGs (Moraxella and Alloiococcus-Corynebacterium). Values shown are OR (95% CI) and p-values associated with the intervening factor variable (ARI, LRI, antibiotics) in each model; OR >1 indicates increasing instability, OR <1 decreasing instability (i.e. increasing stability).

	Data subset
	N
	Stable
	Instability

	
	
	
	Any ARI
	Any LRI
	Any antibiotics

	All samples
	513
	31%
	1.3 (0.83-2.1), p=0.24
	1.6 (0.95-2.5), 
p=0.076
	0.78 (0.5-1.2), p=0.3

	Illness-associated MPGs
	230
	41%
	1.3 (0.62-2.6), p=0.52
	0.74 (0.41-1.4), 
p=0.33
	0.73 (0.41-1.3), p=0.3

	Moraxella MPG
	201
	45%
	1.2 (0.56-2.8), p=0.59
	0.66 (0.34-1.3), 
p=0.21
	0.88 (0.46-1.7), p=0.68

	Health-associated MPGs
	190
	24%
	1.9 (0.9-4.1), p=0.09
	13 (3.2-57), 
p=0.00042
	0.84 (0.32-2.2), p=0.72

	Alloiococcus-Corynebacterium MPG
	92
	30%
	1.6 (0.56-4.5), p=0.39
	34 (3.8-300), 
p=0.0016
	0.44 (0.11-1.8), p=0.26






Table S5: Associations between proportion of major MPGs in samples, and occurrence of lower respiratory illness (LRI) for that sample, compared to URI, and to baseline samples, related to Figures 1, 5B and S5.
Odds ratios (OR), 95% CI and p-values estimated using GEE logistic regression with unstructured correlation and robust standard errors of illness status (LRI vs. URI or healthy baseline samples) against proportion of all major MPGs, adjusting for age, gender, season and recent antibiotics. Separate models were fit for each MPG, using samples from ages less than or greater than 2 years.

	MPG
	Samples from all ages
	Samples from age ≤ 2
	Samples from age > 2

	
	LRI vs. URI
	LRI vs. healthy
	LRI vs. URI
	LRI vs. healthy
	LRI vs. URI
	LRI vs. healthy

	Moraxella
	1.1 (0.92-1.3)
p = 0.31
	1.4 (1.2-1.7) 
p = 0.00014
	1 (0.8-1.3)
p = 0.86
	1.6 (1.2-2.2) 
p = 0.0016
	1.2 (0.95-1.6) 
p = 0.13
	1.5 (1.1-1.9)
p = 0.0095

	Streptococcus
	1.1 (0.85-1.4) 
p = 0.44
	4.1 (2.9-5.8) 
p = 9.5e-16
	1 (0.75-1.4) 
p = 0.81
	4 (2.5-6.5) 
p = 1.1e-08
	1.1 (0.72-1.8) 
p = 0.57
	3.2 (1.8-5.9)
p = 0.00013

	Haemophilus
(240051, 956702, 4469627)
	1.1 (0.83-1.4) 
p = 0.58
	4 (2.6-6.1)
p = 1.8e-10
	1.5 (0.98-2.2) 
p = 0.063
	7 (3.4-14) 
p = 1e-07
	0.78 (0.51-1.2) 
p = 0.23
	2.4 (1.3-4.6) 
p = 0.006

	Corynebacterium (core / 4474764, 4376867, 1049188)
	0.66 (0.41-1.1) 
p = 0.086
	0.29 (0.18-0.46) 
p = 1.1e-07
	0.75 (0.41-1.3) 
p = 0.33
	0.32 (0.18-0.58) 
p = 0.00013
	0.56 (0.23-1.4) 
p = 0.2
	0.26 (0.098-0.66) 
p = 0.005

	Alloiococcus-Corynebacterium
	0.92 (0.67-1.2) 
p =0.58
	0.53 (0.4-0.7) 
p = 1.2e-05
	0.53 (0.35-0.8) 
p = 0.0023
	0.24 (0.15-0.37) 
p = 1.3e-10
	1.4 (0.93-2.1) 
p = 0.1
	1.1 (0.77-1.6) 
p = 0.57

	Staphylococcus
	0.77 (0.5-1.2) 
p = 0.24
	0.27 (0.2-0.38) 
p = 7.1e-15
	0.82 (0.46-1.5) 
p = 0.5
	0.25 (0.16-0.4) 
p = 3.2e-09
	0.92 (0.52-1.6) 
p = 0.79
	0.34 (0.2-0.59) 
p = 1e-04

	Other Streptococcus
	0.82 (0.26-2.6) 
p = 0.74
	1 (0.33-3.2) 
p = 0.94
	0.68 (0.23-2) 
p =0.48
	0.77 (0.3-2) 
p = 0.59
	NA
	NA

	Moraxellaceae 
(1057260, 854899)
	0.97 (0.62-1.5) 
p = 0.91
	0.62 (0.41-0.94) 
p =0.023
	0.85 (0.41-1.8) 
p = 0.66
	0.53 (0.28-1) 
p = 0.058
	0.91 (0.5-1.7) 
p = 0.76
	0.69 (0.37-1.3) 
p = 0.24

	Mixed 1
	0.91 (0.68-1.2) 
p = 0.54
	0.78 (0.58-1) 
p =0.08
	1.3 (0.87-2.1) 
p = 0.18
	0.96 (0.62-1.5) 
p = 0.84
	0.62 (0.4-0.94) 
p = 0.025
	0.46 (0.29-0.73) 
p = 0.00097

	Mixed 2
	0.78 (0.36-1.7) 
p = 0.55
	0.67 (0.34-1.3) 
p =0.26
	0.9 (0.4-2) 
p = 0.79
	1.4 (0.61-3.2) 
p = 0.43
	0.65 (0.089-4.7) 
p =0.67
	0.17 (0.042-0.68) 
p = 0.012
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