
Fig S1. Emergence and co-selection of multidrug resistance in chromosomes or plasmids. A) 
Progressive acquisition of multiple resistances from mutations or gene transfer as a result of exposure to 
antimicrobial agents. Co-resistance represents the co-localization of multiple resistance genes in the same 
gene fragment. Cross-resistance represents a gene that confers resistance to multiple antimicrobials. 
B) Co-selection between multiple resistance genes upon exposure to any of the corresponding antimicrobials. 
This figure is adapted from the work of Cantón and Ruiz-Garbajosa [78].



The number of infants 
using antibiotics

Antibiotics

No Antibiotics

once

twice

three times

four times

Fig S2. Summary of antibiotic usage for 662 infants during the first year.

351311 180 97

28

6 Number of antibiotics received



0

50

100

150 asonigalicu
m aihto Eg

ge
rth

el
la

 le
nt

a
Bi

fid
ob

ac
te

riu
m

 p
se

ud
ol

on
gu

m
Bi

fid
ob

ac
te

riu
m

 p
se

ud
oc

at
en

ul
at

um

Bi
fid

ob
ac

te
riu

m
 lo

ng
um

Ba
ct

er
oi

de
s 

ov
at

us

Pa
ra

ba
cte

ro
ide

s m
er

da
e

Dy
sg

on
om

on
as

 sp
90

00
79

73
5

Al
ist

ipe
s f

ine
go

ldi
i

Odo
rib

ac
ter

 sp
lan

ch
nic

us

Bac
ter

oid
es

 st
erc

ori
s

Bac
ter

oid
es

 do
rei

Dysg
onomonas c

apnocyt
ophagoides

Bacte
roides g

raminiso
lve

ns

Bacte
roides c

acca
e

Bacteroides fra
gilis

Campylobacter concisus

Campylobacter upsaliensis

Desulfovibrio desulfuricans
Bilophila wadsworthia
Desulfovibrio fairfieldensisDesulfovibrio piger

uminococcus bromii

Blautia wexlerae

uthenibacterium lactatiformans

Anaerostipes caccae

Hungatella sp000526575

Agathobacter rectale

Phascolarctobacterium faecium

Lachnospira rogosae

Absiella innocuum

CAG-41 sp900066215

Lactobacillus reuteri

Anaerotignum
 sp000436415

Streptococcus therm
ophilus

Intestinibacter bartlettii

Lactobacillus plantarum

Lactobacillus paracasei

Lactobacillus brevis

Lactobacillus vaginalis

Pediococcus pentosaceus

C
AG

-83 sp000431575

C
lostridium

 sp000435835

Blautia m
assiliensis

Tu
ric

ib
ac

te
r s

p0
01

54
33

45
Ve

illo
ne

lla
 a

ty
pi

ca

La
ct

ob
ac

illu
s 

sa
ke

i

St
re

pt
oc

oc
cu

s 
an

gi
no

su
s

Ve
illo

ne
lla

 ro
go

sa
e

C
lo

st
rid

io
id

es
 d

iff
ic

ile

Ve
illo

ne
lla

 s
em

in
al

is

St
re

pt
oc

oc
cu

s 
lu

te
tie

ns
is

An
ae

ro
gl

ob
us

 m
icr

on
uc

ifo
rm

is

Ty
zz

er
ell

a 
ne

xil
is

En
te

ro
co

cc
us

 ca
ss

eli
fla

vu
s

Clos
trid

ium
 bu

tyr
icu

m

Stre
pto

co
cc

us
 pa

ras
an

gu
ini

s

Clos
trid

ium
 ne

on
ata

le

Ente
roc

oc
cu

s g
all

ina
rum

Enterococcu
s fa

ecalis

Enterococcu
s d

isp
ar

Clostri
dium sy

mbiosum

Streptococcus salivarius

Streptococcus sp000187445

Enterococcus avium

Erysipelatoclostridium ramosum

Enterococcus faecium

Staphylococcus epidermidis
Faecalibacterium prausnitziiVeillonella parvulauminiclostridium siraeum

Faecalicatena gnavus

Parasutterella excrementihominis

CAG-495 sp001917125

Parasutterella sp000980495

Dakarella massiliensis

Haemophilus paraphrohaemolyticus

Haemophilus pittmaniae

Haemophilus sputorum

Proteus vulgaris

Proteus mirabilis

Haemophilus parainfluenzae

Morganella morganii

Enterobacter cloacae

Enterobacter himalayensis

Klebsiella oxytoca

Klebsiella pneum
oniae

Citrobacter sp001037495

Citrobacter werkm
anii

Escherichia coli

Akkerm
ansia m

uciniphila

5
10
15
20

 Log2 Total MRG abundance 

Proteobacteria
Firmicutes
Bacteroidetes
Actinobacteria
Desulfobacterota
Campylobacterota

 Observed MRG richness 

0

50

100

150

atnel allehtreggE C
ol

lin
se

lla
 s

p0
03

48
71

25
Bi

fid
ob

ac
te

riu
m

 p
se

ud
oc

at
en

ul
at

um
Bi

fid
ob

ac
te

riu
m

 p
se

ud
ol

on
gu

m
Bi

fid
ob

ac
te

riu
m

 a
do

le
sc

en
tis

Bi
fid

ob
ac

te
riu

m
 b

re
ve

Bi
fid

ob
ac

te
riu

m
 lo

ng
um

Ba
ct

er
oi

de
s 

ov
at

us

Ba
ct

er
oi

de
s 

pl
eb

ei
us

Pa
ra

ba
ct

er
oi

de
s 

m
er

da
e

CA
G

-2
79

 s
p0

00
43

77
95

Pa
ra

pr
ev

ot
ell

a 
cla

ra

Pa
ra

ba
cte

ro
ide

s d
ist

as
on

is

Pr
ev

ot
ell

am
as

sil
ia 

tim
on

en
sis

Ba
cte

ro
ide

s m
ed

ite
rra

ne
en

sis

Ba
cte

ro
ide

s n
or

dii

Bar
ne

sie
lla

 in
tes

tin
iho

mini
s

Alis
tip

es
 fin

eg
old

ii

Tidj
an

iba
cte

r in
op

s

Alist
ipe

s o
be

si

Bac
ter

oid
es

 in
tes

tin
alis

Parabacte
roides c

harta
e

Bacte
roides s

alye
rsia

e

Odoribacte
r sp

lanchnicu
s

Bacte
roides e

ggerthii

Prevotellamassilia sp000437675

Bacteroides sp000432735

Prevotella copri

Bacteroides stercoris

Coprobacter fastidiosus

Alistipes ihumii

Bacteroides massiliensis

Bacteroides sp900066265

Bacteroides reticulotermitis

Bacteroides clarus

Bacteroides coprophilus

Bacteroides coprocola

Bacteroides cellulosilyticus

Bacteroides dorei
Bacteroides faecis
Parabacteroides johnsonii
Alistipes indistinctus
Butyricimonas sp002161485Alistipes sp900240235Alistipes putredinisDysgonomonas capnocytophagoides

Bacteroides graminisolvens
Bacteroides uniformis
Bacteroides caccae
Bacteroides fragilis
Bacteroides thetaiotaomicronCampylobacter upsaliensis

Campylobacter concisus

CAG-196 sp002102975

Desulfovibrio piger

Holdemania massiliensis

Clostridium lavalense

Anaerostipes hadrus

uthenibacterium
 lactatiform

ans

Phascolarctobacterium
 succinatutens

Acidam
inococcus intestini

Anaerom
assilibacillus sp001305115

Hungatella hathewayi

Clostridium
 perfringens

Blautia hom
inis

Blautia sp900066165

Veillonella tobetsuensis

D
ialister succinatiphilus

Anaerostipes caccae

C
oprobacillus cateniform

is

Veillonella rogosae

Anaeroglobus m
assiliensis

H
oldem

ania filiform
ismu

cir
yt

ub
 

mu
id

irt
so

l
C534660009ps retcabillics

O
Ve

illo
ne

lla
 s

p0
00

43
14

35
Ab

si
el

la
 in

no
cu

um

um
in

oc
oc

cu
s 

sp
90

03
14

70
5

Ei
se

nb
er

gi
el

la
 m

as
si

lie
ns

is

C
op

ro
co

cc
us

 e
ut

ac
tu

s

C
lo

st
rid

iu
m

 s
ac

ch
ar

ol
yt

ic
um

C
AG

-6
03

 s
p9

00
06

61
05

St
re

pt
oc

oc
cu

s 
th

er
m

op
hi

lu
s

Fa
ec

al
ib

ac
te

riu
m

 p
ra

us
ni

tz
ii I

Ag
at

ho
ba

ct
er

 s
p0

00
43

42
75

Eu
ba

ct
er

iu
m

  s
p0

00
43

68
35

La
ch

no
sp

ira
 s

p0
00

43
64

75

La
ct

ob
ac

illu
s 

or
is

CA
G-

83
 sp

00
04

31
57

5

Fl
av

on
ifr

ac
to

r p
lau

tii

La
ws

on
iba

cte
r a

sa
cc

ha
ro

lyt
icu

s

Bl
au

tia
 sp

00
04

33
81

5

La
ch

no
sp

ira
 el

ige
ns

Clos
trid

ium
 bo

lte
ae

Mits
uo

ke
lla

 ja
lal

ud
ini

i

Meg
as

ph
ae

ra 
mas

sil
ien

sis

Clos
trid

ium
 sy

mbio
su

m

Ana
ero

glo
bu

s m
icr

on
uc

ifo
rm

is

Eise
nbergiella ta

yi

CAG-81 sp
900066535

Veillo
nella atyp

ica

Hungatella efflu
vii

Tyzzerella nexilis

Lactobacillus sakei

Streptococcus pasteurianus

Enterococcus casseliflavus

Agathobacter rectale

Lachnospira rogosae

Clostridioides difficile

Clostridium sporosphaeroides

Lactobacillus paracasei
Enterococcus dispar

Lactobacillus K farciminis
Streptococcus salivariusuminococcus bromiiStreptococcus sp000187445Enterococcus faecium

Dialister invisus
Faecalibacterium prausnitzii

Enterococcus avium
Enterococcus gallinarum

Streptococcus lutetiensis

Staphylococcus epidermidis

Veillonella parvula

Streptococcus anginosus

Enterococcus faecalis

Streptococcus parasanguinis

Faecalicatena gnavus

Veillonella seminalis

Phascolarctobacterium faecium

Fusobacterium animalis

51-20 sp001917175

Sutterella wadsworthensis

Haemophilus paraphrohaemolyticus

Dakarella massiliensis

Haemophilus sputorum

CAG-495 sp001917125

Neisseria perflava

Morganella morganii

Proteus mirabilis

Haem
ophilus parainfluenzae

Proteus vulgaris

Enterobacter cloacae

Klebsiella oxytoca

Citrobacter sp001037495

Enterobacter him
alayensis

Klebsiella pneum
oniae

Citrobacter werkm
anii

Escherichia coli

Akkerm
ansia sp001580195

Akkerm
ansia m

uciniphila

 Log2 Total BRG abundance 

 Observed BRG richness 

Proteobacteria
Firmicutes
Bacteroidetes
Actinobacteria
Verrucomicrobia
Campylobacterota
Desulfobacterota
Cyanobacteria

5
10
15
20

Fusobacteria

Verrucomicrobia

B

A

Fig S3. Distribution of gene richness and abundance among bacterial species carrying (A) BRGs, 
(B) MRGs, (C) virulence genes, and (D) MGEs in the infant gut. 
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Fig S4. Total abundance (sum of GCPM) of (A) virulence genes in log scale, (B) BRGs in log scale, 
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Fig S10. The percent of the 45 most abundant bacterial species in the infant gut.
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Fig S11. E. coli drives the bimodal distribution of BRGs, MRGs, and virulence genes in the infant gut. 
A) Density plot of gene richness among infants and Spearman correlation analyses between the richness of 
ARGs and other genes. Y-axis (not shown in the density plot) represents the number of infants. The linear 
regression curve and confidence interval are plotted as an illustration; inference was performed with the 
Spearman correlation coefficient R and the corresponding p-value (p < 0.05 as the significance cutoff). 
B) Average silhouette width associated with PAM clustering when different numbers of clusters were used, 
and the total abundance and richness of genes in the two clusters. A high average silhouette value indicates 
strong clustering. k = 2 was the optimal number of clusters. C) Importance of the top five bacterial species to 
the grouping of PAM clusters, as determined with a Random Forest-based approach using the mean decrease 
in accuracy and the relative abundance of E. coli in the two clusters. Species are ordered top-to-bottom as 
most-to-least important.


