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Figure S1. Correlation of clinical characteristics with antibody levels and altered gut microbiome

and functional profile, Related to Figure 1 and Figure 2. (A) Correlation heatmap of baseline clinical



characteristics with ACE2-RBD inhibiting antibody levels at different timepoints (DO, D14, D42)
(n=207). P values were determined by Pearson correlation analysis with FDR corrected. * P<0.05, **P
<0.01, ***P < 0.001. (B) Comparison of alpha diversity (Shannon index) in samples at baseline (DO0)
and samples after the second injection (D42) (n=207). P values were determined by Mann-Whitney U
test. (C) Unweighted Unifrac 3D PCoA (principal coordinate analysis) plot of samples at baseline (D0)
and after the second injection (D42) (n=207). The ANOSIM test was used to calculate the significance
of dissimilarity (ANOSIM, P=0.001). (D) Comparison of the Unweighted Unifrac range of samples
between baseline (D0) and after the second injection (D42) (n=207). The ANOSIM test was used to
calculate the significance of dissimilarity (ANOSIM, P=0.001). (E) Heatmap of differentially enriched
bacteria between baseline samples (D0) and samples after the second injection (D42) (n=207). (F)
Boxplots for comparison of the relative abundance of differentially enriched bacteria in baseline samples
(D0) and samples after the second injection (D42) (n=207). P values were determined by Mann-Whitney
U test. (G) Heatmap of differentially enriched MetaCyc pathways between baseline samples (D0) and
samples after the second injection (D42) (n=207). P values were determined by Mann-Whitney U test.
NS, no significance. (H) Contribution of differentially enriched bacteria to microbial pathways between
baseline samples (D0) and samples after the second injection (D42) (n=207). The abundance of the

microbial pathway was normalized based on relative log expression by DESeq?2.



A B Low High
I R R R
< s__Eubacterium_ramulus.
5] 30
2
§
5 s_ Veillonella_dispar 25
@ Low & High 20
s_ Lawsonibacter_asaccharolyticus |
al 15
=
S 4 Fusicatent . 10
€ * s__Fusicatenibacter_saccharivorans
< B
ﬁ ' + *+ *+ . _ :
+ &= Low g High _— s__Codllinsella_aerofaciens 0
[o} e ——
Kingdom Phylum Ciass  Order Family Genus Species
[ s Collinsella_: i s | ium_ramulus s_Fi x L s | ibacter_: i s_ Veillonella_dispar
0.022 0.037 0.022 0.021 0.008
1 1 1 | ——
0.06
30 0.15
= 2
& 20
@
8
c
g 0.04 o1
2 20 .
<<
@
>
=
]
& g 1
10 0.02 1 3 0.05
- !
01 0 0 J 0.00 —a»— o —@—
Low High Low High Low High Low High Low High
Low High
D | | THISYN-PWY: superpathway of thi «diphosphate biosynthe 1 4
-PWY: su iamin diphosi synthesis.
BRANCHED-CHAIN-AA-SYN-PINY. supbrpaiivay of Branched amin acid biosynthesis
[ wamz pnmnlhenste and coenzyme A biosynihesis Il 2
'me A biosynthesis |
Pwv smn qugunsm biosynthesis 0
1 PWY-5686. UMP biosynthesis.
COA-PWY-1: coenzyme A biosynthesis Il (mammalian)
PANTGSYN-PWY. pantothenals and coenzyme A blosynthesis | -2
PAVY-3841: folate transiormations |
1CMET2-PWY: N10-formyl—tetrahydrofolate biosynthesis
PIWY-6897: thiarin salvage | -4
1 DTDPRHAMSVN -PWY: d TDP-L-1 mamnose biosynthesis |
I 1 PYRIDNUGSYN-PWY' NAD biosynthesis | (from aspartate)
THISYNARA-PWY: superpamwaymtmamm diphosphate biosynthesis Iil (eukaryotes|
] | | GLUCUROGAT-PWY: of &beta;-D- and D-glucuronate
] PWY-7456. mannan degradation
] r ) 1 '] [ TEICHOICACID-PWY: teichaic acid (pu\y glycerol) biosynthesis

1 PINY-1042: glycolysis 1V (plant cytost
[ PINY-6151: E-adenosyl-L- melhu:mrval:ydal
1 GLUTORN-PWY: L-ormithine biosynthesis
Y= 7357: fiamin formaton fom pyriiamine and orythiamine (yees)
1 10 U | B I LACTOSECAT-PWY: lactose and galactose degradation
1 FASYN-INITIAL-PWWY: superpathway of fatty acid nmsynmms initiation (E. coli}
M | NOMMEVIPP-PWY: melhylerythritol phosphate pathway |
1 PINY-6270: isoprene biosynthesis |
PANY-7560: methylerythitol phosphate pathway 11

S DO g | YT by TGS ot e

LR o]

o
g
L]
2
[]
[ ]
[ 4
]

@
8

® 00 '

I
S
™
S

ACE2-RBD Inhibiting Ab (AU/mL)
ACE2-RBD Inhibiting Ab (AU/mL)
ACEZ2-RBD Inhibiting Ab (AU/mL}
e
5]

10 10 r=0.3247 0
p=8e-04
r=0262%
* < .l [ ] m . p=0007
&
2% . *
o 0 0
o 200 400 600 1] 100 200 300

©
8
[ ]

- e 30

w0
=]

S

p=Be-04

¥ v D & 5 )
s o v

1] 200 400 800 0 200 400 800

ACE2-RBD Inhibiting Ab (AU/mL)
ACE2-RBD Inhibiting Ab (AU/mL)

Figure S2. Altered gut microbiome and functional profile between samples of High and Low groups

and correlation between MetaCyc pathways and antibody levels, Related to Figure 3. (A)



Comparison of alpha diversity at DO (Shannon index) in samples from the High and Low groups (Low
group, n=52; High group, n=52). P values were determined by Mann-Whitney U test. (B) Heatmap of
differentially enriched bacteria between samples from the High and Low groups at DO (Low group, n=52;
High group, n=52). (C) Boxplots for comparison of relative abundance of differentially enriched bacteria
in samples from the High and Low groups at DO (Low group, n=52; High group, n=52). P values were
determined by Mann-Whitney U test. (D) Heatmap of differentially enriched MetaCyc pathways between
samples from the High and Low groups at DO (Low group, n=52; High group, n=52). P values were
determined by Mann-Whitney U test. (E) Correlation between differentially enriched MetaCyc pathways
at DO and the levels of ACE2-RBD inhibiting antibody at D42 (n=52). P values were determined by

Pearson correlation analysis.
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Figure S3. Contribution of differentially enriched bacteria to microbial pathways and role of gut
microbial and functional pathways in predicting the antibody response, Related to Figure 3. (A)
Contribution of differentially enriched bacteria to microbial pathways between samples of High and Low
groups at DO (Low group, n=52; High group, n=52). The abundance of the microbial pathway was
normalized based on relative log expression by DESeq2. (B) ROC curves of different classifiers
discriminating the High and Low groups by using differential bacteria and MetaCyc pathways at D0 as
independent variables. (C) The ROC curves of the logistic regression models (one of Generalized Linear
Models, GLM) for discriminating High and Low groups by using differential bacteria alone (green curve),
using differential MetaCyc pathways alone (blue curve) and using combined differential bacteria and

MetaCyc pathways (pink curve) at DO as the independent variable of the model, respectively.
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Figure S4. Levels of SCFAs in fecal and serum samples, Related to Figure 4. Boxplots for comparing
short-chain fatty acids in fecal (A) and serum (B) samples between High and Low groups at DO and D42

(Low group, n=52; High group, n=52). Comparisons between subgroups were performed using Mann-

Whitney U test.
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276 participants screened

57 excluded
26 abnormal laboratory test
5 physical examination failure
8 allergic to some medications
2 with pregnancy
9 informed consent failure
7 others

A 4

A 4

219 participants included for first injection

7 withdrew
2 used antibiotics
> 2 used probiotics
1 used other medications
2 refused to continue

A 4

212 participants included for second injection

5 withdrew
2 used antibiotics
1 used probiotics
2 used other medications

v

207 participants included in final analysis

Figure SS5. Flow of participants recruitment, Related to STAR Methods. 276 participants were
screened. 57 participants were excluded including 26 abnormal laboratory test, 5 physical examination
failure, 8 allergic history, 2 with early pregnancy, 9 informed consent failure, and 7 other reasons. 219
participants received the first vaccination, finished all safety visits, and provide blood and fecal samples
at indicated timepoint. 7 participants quit the study before the second vaccination (2 with antibiotics use,
2 with probiotics use, 1 with other medications, and 2 refused to continue). 212 participants received the
second vaccination and provide blood and fecal samples at indicated timepoint. During the follow-up, 5
participants were withdrawn because of antibiotics, probiotics and other medications use. 207

participants were included in the final analysis.



