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Supplementary figure legends 
 
Figure S1: principal coordinate plots of unweighted Bray-Curtis beta diversity distances across all 
samples collected in the study. A, samples coloured by body or ISS surface site. The permanova p-value using 
body site as the independent variable is shown. B, human microbiome samples coloured by astronaut identifier. 
Each microbiome is represented with a different symbol. Permanova p-value and R2 using astronaut identifier 
as the independent variable and stratifying by body site are indicated. 
 
Figure S2: comparative analysis of beta diversity distances among microbial communities collected from 
the same or different crew members. Boxplot of weighted (A E) and unweighted (F - J) Bray-Curtis beta 
diversity distances between samples collected from the same (Intra) or different (Inter) astronauts. The Welch 
two-sample t-test p-values of the comparison of Inter- versus Intra-astronaut distances are indicated. 
 
Figure S3: comparative beta diversity analysis among ISS microbial communities and nose, forehead and 
forearm skin microbiomes. Principal coordinate analysis of weighted (top panels) and unweighted (bottom 
panels) Bray-Curtis beta diversity among ISS environmental microbiota and forearm (A and D), forehead (B 
and E) and nose (C and F) microbiomes. Red circles, crew inflight samples; blue circles, crew pre and postflight 
samples; green circles, ISS environmental samples. Permanova p-values and R2 values are indicated. 
 
Figure S4: changes in alpha diversity and richness of individual crew members during a mission at the 
ISS. Boxplots depicting changes in Shannon alpha diversity (A) and Richness (B) of the five human 
microbiomes surveyed, by individual astronaut. Microbiome source is indicated on the right. 
 
Figure S5: differential response of the astronauts’ skin microbiota to the space environment. Boxplots 
depicting opposed responses of the skin microbiome to spaceflight. The forehead and forearm skin of astronauts 
A, B, D, F and H showed an increase in both Shannon alpha diversity (A) and species Richness (B) during 
spaceflight, while the same two skin sites of astronauts C, E, G and I responded in the opposite direction during 
spaceflight. Linear mixed-effects model p-values ≦ 0.06 are depicted using Preflight samples as a baseline. 
 
Figure S6: compositional changes in the astronauts’ microbiome during a space mission. Differences in 
the mean weighted (A) and unweighted (B) Bray-Curtis beta diversity distance between samples collected at 
individual inflight (blue) or postflight (yellow) time points and preflight samples. Grey boxplots represent the 
average within-astronaut weighted (A) or unweighted (B) Bray-Curtis distance among all preflight samples. 
Linear mixed-effects model p-values ≦ 0.05 are shown using within-preflight distances as baseline. 
 
Figure S7: comparative analysis of inter-astronaut beta diversity distances of the GI microbiome before, 
during and after a space mission. A, Principal coordinate plot of weighted Bray-Curtis beta diversity 
distances among GI microbiome samples collected during preflight (blue) or inflight (red) stages. Astronauts B, 
C, D, F and G are represented with distinct symbols. B, boxplot showing that the weighted Bray-Curtis distance 
between GI samples from distinct crew members becomes smaller in the ISS compared to preflight samples. 
The Welch two-sample t-test p-values of the comparison between preflight distances versus inflight or 
postflight distances are shown. 
 
Figure S8: changes in the relative abundance of bacterial genera of the astronauts’ forehead skin during 
a mission at the ISS and after the return to Earth. Colours represent different phyla; horizontal axis, 
logarithm of the fold change in relative abundance between preflight and inflight or postflight samples; vertical 
axis, bacterial genera. Black circles indicate genera belonging to the corresponding preflight core microbiome. 
 
Figure S9: bacterial genera of the GI microbiome that present the largest absolute difference between 
preflight and inflight coefficients of variation (CV) of their relative abundance across astronauts. Yellow 
bars indicate bacterial genera whose relative abundance becomes more similar in the ISS (CVpreflight > 
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CVinflight), while Blue bars represent those genera whose abundance becomes more different in space 
(CVpreflight < CVinflight). 
 
Figure S10: changes in beta diversity of the environmental microbiome of the ISS. Principal coordinate 
plots of weighted (A and B) and unweighted (C and D) Bray-Curtis distances depicting shifts in the 
composition of the ISS microbiome across ISS surfaces (A and C) and over time (B and D). Panels A and C, 
distinct ISS surfaces are represented by different colours. Panels B and D, colours and numbers represent 
distinct relative mission time points, as indicated in Fig. 1B. Ellipses represent 95% confidence intervals. 
Permanova p-values < 0.05 and R2 values are shown. 
 
Figure S11: comparative analysis of alpha diversity and richness across inflight skin and ISS 
environmental samples. Boxplots depicting Shannon alpha diversity (A) and Richness (B) of inflight forehead 
and forearm skin samples and of the six ISS surfaces surveyed in this study. 
 
Figure S12: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on ISS 
surface ssA during the entire study. Circle sizes are proportional to the relative abundance of each OTU at 
every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S13: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on ISS 
surface ssB during the entire study. Circle sizes are proportional to the relative abundance of each OTU at 
every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S14: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on ISS 
surface ssC during the entire study. Circle sizes are proportional to the relative abundance of each OTU at 
every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S15: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on ISS 
surface ssD during the entire study. Circle sizes are proportional to the relative abundance of each OTU at 
every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S16: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on ISS 
surface ssF during the entire study. Circle sizes are proportional to the relative abundance of each OTU at 
every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S17: bubble plot showing changes in the relative abundance of OTUs ubiquitously detected on the 
ISS surface ssE during the entire study. Circle sizes are proportional to the relative abundance of each OTU 
at every relative time point. For each OTU, phylum and genus are indicated. No sample was collected at relative 
mission time 10. 
 
Figure S18: detection of viral DNA and stress hormones in saliva. A-C, qPCR detection of HSV1 (A), EBV 
(B) and VZV (C) genomic DNA in astronauts’’ saliva during a mission at the ISS and after their return to Earth. 
Red line, mean viral DNA concentration in saliva across all virus-positive crewmembers. Dotted lines, viral 
DNA concentration levels for individual astronauts. D-F, changes in the concentration of alpha amylase (D), 
DHEA (E) and cortisol (F) in astronauts’ saliva. Significance is depicted for mean values only. o, p-value < 0.1; 
*, p-value < 0.05; **, p-value < 0.01. 
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Figure S1 
 

 
 
  

●

●

●

●
●●●

●
●●
●●

●

●

●
●

●

●

●

●

●
●

●

●

●

●
●

●
●

●●
●

●

●

●

●

●

●
●

●

●●

● ●

●

●

●

●
● ●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

−0.6 −0.4 −0.2 0.0 0.2

−0
.4

−0
.2

0.
0

0.
2

0.
4

All Samples Unweighted Bray Curtis Diversity

PCoA1 ( 24.1 %)

PC
oA

2 
( 2

2.
9 

%
)

●
●
●
●
●

●
●
●
●

AstA
AstB
AstC
AstD
AstE

AstF
AstG
AstH
AstI

●Forearm
Forehead
Nose

Stool
Tongue

●●
●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●
●
●
●
●

●

●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●

●
●

● ●

●
●

●●
●

●

●

●
●

● ●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

● ●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

−0.6 −0.4 −0.2 0.0 0.2

−0
.4

−0
.2

0.
0

0.
2

0.
4

All Samples Unweighted Bray Curtis Diversity

PCoA1 ( 24.1 %)

PC
oA

2 
( 2

2.
9 

%
)

●
●
●
●
●
●

●
●
●
●
●
●

Forearm
Forehead
Nose
ssA
ssB
ssC

ssD
ssE
ssF
Stool
Tongue
water

●
●

In
Post
Pre

A B

p = 0.001
R2=0.369

B

p = 0.001
R2=0.156



 5 

Figure S2 
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