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Abstract: Objective To explore the impact of intrapartum antibiotic prophylaxis (IAP) on antibiotic resistance genes
(ARGS) in the gut microbiota of infants up to 6 months of age and their longitudinal changes, in order to provide theoretical
basis for the rational use of antibiotics and antibiotic resistance control. Methods Fecal samples were collected within 3
days, 2 months, and 6 months from a maternal and birth cohort conducted between January 2018 and June 2019. A panel of
6 common ARGs (aac (6" )-Ib, qnrS, blaTEM, ermB, mecA, tetM) were tested, the absolute abundance and positive
detection rate by qPCR were calculated. Nonparametric and linear mixed model (LMM) analysis were used to assess the
influence of IAP on the absolute abundance of antibiotic resistance genes and the longitudinal changes in their abundance at
the three time points.  Results A total of 157 samples from 65 singleton infants were analyzed. including 15 mothers
(23.1%) who received IAP. The detection rate of ARGs was high in infants up to six months of age, and the abundance of
ARGs tended to increase over time. IAP significantly increased the abundance of the mecA gene in the gut microbiota of
vaginally delivered infants at 6 months of age (6. 141. 1 in the VDIAP group wvs. 3.8=%4.6 in the VDno-IAP group, P=
0.046). Additionally, in cesarean section infants, there was a significant increase in the abundance of aac(6’)-Ib genes at 2
months (§=3.81,S; =1.45,P<C0.05), P<(0.05] and 6 months of age (=4.89,S; =1.11,P<C0.001), P<C0.001)
compared to 3 days of age. Conclusions The findings suggest that IAP can increase the abundance of ARGs in 6-month-
old infants, and this effect is still significant after stratifying by delivery mode. Therefore, the rational and standardized use

of intrapartum antibiotics may help reduce the development of antibiotic resistance.
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Tab. 1 Primers of 6 ARGs
EEEE T SRR 34T (530 LUES
tetM tetM-F GGAGCGATTACAGAATTAGGAAGC IIEZS
tetM-R TCCATATGTCCTGGCGTGTC
mecA mecA-F GGTTACGGACAAGGTGAAATACTGAT Bfli\] (RIS
mecA-R TGTCTTTTAATAAGTGAGGTGCGTTAATA
blaTEM blaTEM-F CGCCGCATACACTATTCTCAG Bflij Tk e 25
blaTEM-R GCTTCATTCAGCTCCGGTTC
ermB ermB-F GAACACTAGGGTTGTTCTTGCA AFERE
ermB-R CTGGAACATCTGTGGTATGGC
aac(6’)-1Ib aac(6')-Ib-F CGTCGCCGAGCAACTTG IR
aac(6")-Ib-R CGGTACCTTGCCTCTCAAACC
qnrS qnrS-F CCACTTTGATGTCGCAGATCTTC ENSTHERS
qnrS-R CCCTCTCCATATTGGCATAGGAAA
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= (P=0.019), W2, 45l TFTHERE 3 HBN.2
A% .6 Ay REBIFEA 65.45.47 4, B dLAg 157
A FEABREA N A3 HT .

R 265 X REEAFILLARAE (], Y0

Tab. 2 Baseline characteristics of 65 mother-infant dyads of the cohort (n, %)

Ay i At fdi [ AP KA TAP y'/t/Z A8 P {8
B 26 FRAE
BERAEIE (B .2 ) 27.44+3.6
<25 16(24. 6) 3 (18.8) 13 (81.3) 0. 569" 0. 802
25~35 48(73.9) 12 (25.0) 36 (75.0)
>35 1(1.5) 00.0) 1 (100. 0)
HEEREE . £ 10.8+2.9
<9 35(53.9) 5 (14.3) 30 (85.7) 3.949b 0.112
9~12 1(1.5) 0(0.0) 1(100. 0)
> 12 29(44. 6) 10 (34.5) 50 (76.9)
Bl R 51(78.5) 10 (19.6) 41 (80. 4) 1. 605" 0. 205
¥ 14(21.5) 5 (35.7) 9 (64.3)
FEE ALY H(m,a £ 1. 6040.05 1.6140. 06 1. 6040. 05 0. 363¢ 0. 359
BB A (kg o +5) 55.748.1 54.543.2 56.149.1 —0.693¢ 0. 755
Za%i BMI(kg/m? .2 +5) 21.743.3 21.141.9 21.8543.7 —0. 754¢ 0.773
A3 77 = 25 93 38 43 U 16(70. 8) 7 (15.2) 39 (84.8) 5.476° 0.019
] g e 19(29. 2) 8 (42.1) 11 (57.9)
BLLRRAE
9 5B 35(53. 8) 5 (14.3) 30 (85.7) 3.302b 0. 069
’s 30(46. 1) 10 (33.3) 20 (66.7)
G [ JE s M(Pays s Prs) ] 39.7(39.0,40.4)  39.4(38.4,40.0) 40. 0(39. 3,40. 4) —1. 3964 0.163
WA RS (g0 £5) 3262.0+328.3 3272.0+314.6 3259.0+335.3 0.134¢ 0. 447
HAE B K (em, x £5) 51.74+1.7 51.441.8 51.841.7 —0. 694¢ 0. 755

FA M AE SR BIRE R (n=1) ;P X2 s ¢ ff; ¢ Mann-Whitney U ¥ 5 Z 1,
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Tab. 3 Distribution and statistical comparison of absolute abundance (log copies/pL) of six antibiotic

resistance genes in IAP and no-IAP groups at 3 days, 2 and 6 months of age

aac(6')-1b gnrS blaTEM
£33 B G ‘!ﬂlxjfifg Zi Pt lﬁﬂ’ﬁﬁfﬂ ?@ing Zi P P4 4G 1 ?Eijf":ff? 7 Pl
(n/N) [C==)) (n/N) (€= (n/N) (€=
3 HEE A (n=65)
Koy TAP 16/16 7+2.1 —0.548 0. 584 14/16 2.7£2.9 0.169 0. 866 15/16 8.942.2 —1.110 0.267
no-IAP  49/49 7.3£2.2 37/49 2.3+£2.6 47/49 9.7£2.5
VD IAP 7/7 7.64+2.8 —0.138 0. 891 5/7 4.8+3.6 1. 508 0.131 7/7 10.3+2.3 0.783 0.434
no-IAP  39/39 7.3+1.8 30/39 2.3%£2.7 38/39 9.9+2.7
CS IAP 9/9 6.5+1. 4 0. 245 0. 807 9/9 1.6+£1.8 —0.794 0.427 8/9 7.6+£1.0 —1.925 0.054
no-TAP  10/10 7.1%3.5 7/10 2.2%2.0 9/10 9.0+1.4
2 B (n=45)
Koy E TAP 9/9 9.94+1.7 —1.362 0.173 9/9 7.446.6 0.536 0.592 9/9 9+3.1 —1.088 0.277
no-IAP  36/36 10.8+2.6 33/36 5.843.6 33/36 10.2+2.9
VD IAP 4/4 9.240.04  —2.151 0.032  4/4 6.4+1.6 0.671 0.502  4/4 9.6+3.1 —0.549 0.583
no-IAP  29/29 11.1+2.8 26/29 5.9+3.4 26/29 10.443.0
CS IAP 5/5 10.5+2.2 0.731 0.465  5/5 8.1+9.1 0. 244 0.808  5/5 8.6+3.4 —0.893 0.372
no-IAP 7/7 9.5+1.5 7/7 5.44+4.5 7/7 9.6+2.9
6 Hit(n=47)
K2 AP 9/9 11.6+2. 4 0.973 0. 330 9/9 6.343.1 1. 000 0.317 9/9 10.7£2.5 0.276 0.782
no-IAP  38/38 10.4+2.2 38/38 5.3+3.1 35/38 10.5£2.5
VD IAP 3/3 11.5+2.5 0. 638 0.524  3/3 4.943.2 —0.030 0.976  3/3 9.8+1.0 —0.334 0.738
no-IAP  31/31 10.6+2.3 31/31 4.742.6 28/31 10.242.5
CS IAP 6/6 11.6+2.6 1.429 0.153  6/6 7.1£3.1 —0.143 0.886  6/6 11.242.9 —0.143 0.886
no-IAP  7/7 9.7+1.6 7/7 7.9+4.2 77 12.042.0
ermB mecA tetM
£ Ifﬁ‘fiﬁﬂj EONIES 71 Pl [VER i T DO S 4 7t P il PR Ao 7 Pl
(n/N) (x £5) (n/N) (xr £ (n/N) (xr £5)
3 BN (n=65)
K2 AP 14/16 6.243.1 0.471 0. 637 14/16 3.34+2.6 0.463 0.643 15/16 5.544.1 0.308 0.758
no-IAP  48/49 5.943.4 43/49 3.5+4.1 42/49 4.943.5
VD IAP 5/7 8.0+3.7 1.128 0.259  6/7 2.6+1.3 —0.227 0.820  6/7 6.7+£4.3 0.985 0.325
no-IAP  39/39 6.143. 4 34/39 3.644.4 34/39 5.043. 4
CS IAP 9/9 5.242.4 0.751 0.453 8/9 3.943.3 1. 058 0.290 9/9 4.7£3.9 0.289 0.773
no-IAP  9/10 4.7+3.3 9/10 3.1+3.2 8/10 4o4+4.4
2 7 (n=45)
o2 IAP 9/9 11.0£2.6 0. 624 0.533  9/9 4.84+2.7 0.131 0.896  9/9 8.8+3.6 —0.539 0.590
no-IAP  36/36 10.5+2.5 35/36 4. 7+2.4 36/36 9.44+2.8
VD 1IAP 4/4 11.5x=1.7 0. 441 0.659 4/4 5.5+1.8 0. 741 0.459 4/4 10.441.5 0.607 0.544
no-IAP  29/29 10.6+2.7 28/29 4.5+2.4 29/29 9.4+2.6
CS IAP 5/5 10. 743.3 0.731 0. 465 5/5 4.3+3.4 —0.893 0.372 5/5 7.5+4.4 —1.380 0.168
no-IAP 7/7 10.3+£1.2 77 5.442.6 77 9.34+4.0
6 Ay (n=47)
K2 IAP 9/9 10.8+1.5  —1.757 0.079  8/9 5.6+2.2 2. 622 0.009  9/9 9.5+2.7 —1.054 0.292
no-IAP  38/38 11.7+2.1 35/38 3.7+4.2 38/38 10+3.3
VD IAP 3/3 11.8+2.3 —0.334 0.738 2/3 6.1+1.1 1.995 0. 046 3/3 10.4+1.1 —0.455 0.649
no-TIAP  31/31 11.8£2.0 28/31 3.84+4.6 31/31 10.4+2.6
cs IAP 6/6 10.440.7  —0.286 0.775  6/6 5.5+2.6 1.429 0.153  6/6 9.1£3.2 —0.429 0.668
no-IAP  7/7 10.8+2.2 7/7 3.1£2.1 /17 8.3£5.3

TP TAP 5 no-TAP 417 245 4& R 4 % 42 B2 Lt e

N
Jim
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Tab. 4 Summary of LMM model statistics for abundance of antibiotic resistance genes within 3 days.,

2 months and 6 months of age[(S:)]

e Ko R VD Cs
A2 H
IAP no-IAP IAP no-IAP IAP no-IAP

aac(6")-Ib

B E) 2 A 3.58(1.17) * 3. 67(0.55) *** 4.85(1.37) 0. 58(7.00) *** 3.81(1.45)* 1. 98(1.57)

B H) 6 A i 4. 83(0. 88) 3.27(0.53) *** 4.17(1.00) * 0. 55(6. 30) *** 4.89(1.11) 2.17(1. 48)

M JEREFL —0.03(1.16) 0.01(0.57) 1. 94(1. 30) 0.61(—0.20) —1.2(1.52) —0.07(1.52)

WL EERE —1.80(2.39) —1.50€0. 84) —8.06(2.02) 0.82(—2.12) — —

WL AEHEHR —1.88(1.48) 0.05¢0. 70) —2.02(1.33) 0.79(—0.32) —1.19(2.42) 1. 45(1. 60)
blaTEM

B E) 2 i 0.92(1.42) 0.72¢0. 63) 0.65(2. 34) 0.70€0.71) 2.48(1.72) 0.77(1.33)

B ) o6 9% 1. 91(1. 08) 1. 14€0.61) —0.75(1.78) 0.67(0.69) 3.78(1.31) " 3.07(1.26) *

LEEE| 283N 0.32(1.41) —0.31€0.67) 0.71(2. 19 —0.41€0.77) 1. 8(1.79) —0.01(1.28)

WLSAEERTE —3.92(2.90) —0.7(1.06) 0.33(2. 34) —0.42(1.1D — —

WILHAEREHRE —0.94(1.79) —1.36€0.81) —5.01(3.37) —1.89€0. 99 —3.75(2. 86) —0.42(1. 34)
qnrS

e IE) 2 B 3.83(2.20) 3. 63(0.77) *** 1.51(1.57) 3.78(0. 81) 3.73(3.00) 3.47(2.21)

B E) 6 % 4.29(1.59) " 3. 24(0.70) *** —0.21(1.02) 2.73(0.73) 5.30(2.17) " 5.73(2.13) "

[P | L) —3.09(2.23) 0.26¢0. 78) 1.24(1. 38) —0.07¢0. 82) —5.59(3.29) 1. 62(2.18)

WG EEREHE —2.83(4.59) —1.62(1.10) —2.95(1.97) —1.33(1.07) — —

WL AERBER —0.98(2.88) 0.42(0. 94) 1.52(1.35) —0.38(1.06) 1. 02(5.59) 1.59(2.18)
ermB

i ] 2 A 4. 54(1. 25) 4.98(0. 66) 0. 84(0.007) *** 4.79€0. 74) 6.04(1. 44) * 5.60(1.29) *

Bif IR) 06 % 5.22(0. 88) *** 6.05(0. 63) ™ 3.42(0.004) " 6.05(0.70) *** 6.15(1.03) 5.78(1.21) *

MR AR REEL 0.32(1.28) —0.05(0.67) —1.30(0.006) *** —0.12(0.74) 2.05(1.59) 0.50(1. 46)

WILPEERTE —2.66(2.65) 0.25(0. 99) —1.46(0. 008) *** 0.39(1.02) — —

WA ER 1.35(1. 68) —1.75(0.82) " 5.43€0.005) **  —2.62(0.98)* —1.09(2.79) 1.21(1.38)
mecA

mha) s 2 H i 1.53(1.46) 1.26(0.91) 3.35(1.40) 0.99(1.07) 0.61(2.07) 2.72(1. 34)

B ) 6 9% 2.51(1.15)* 0.27(0.90) 3.82(1.32) 0.30(1.07) 1. 87(1.52) 0.38(1.31)

P -5 ) —0.03(1. 46) —1.11€0.90) —0.42(1.32) —1.29(1.07) 0.36(2.24) 0.08(1.51)

WP EREREHRE —0.29(2.99) —0.61(1.39 —1.91(2.03) —0.56(1.52) — —

WL ERBER —0.74(1. 8D —1.60(1.17) 0.3(1.44) —1.85(1.52) —3.18(3.76) —0.67(1.43)
tetM

B E) 2 A 1.23(1.60) 4. 88(0.79) 3.20(3.52) 4.52€0. 79) 1.52(1.78) 6.46(2.47) "

B H) 6 A i 4.67(1.13) " 5.37(0.75) *** 2.90(2.72) 5.52(0.76) 5.77(1.23) * 4.94(2. 40)

[P e 2] —1.70(1. 64) 0.99¢0. 81) 0.06(3.33) 0.37(0.79) 0.17(2.00) 3.05(2.69)

WL EERR 0.60(3.42) 1.26(1.16) —0.71¢(5. 1D 1. 34(1.06) — —

WL R 2.97(2.18) —1.07¢0. 96) 2.36(3.52) —1.67(1.0D 2.28(4.41) 0.94(2.59)

T < IR A SR 8 [R] I 8 B T MR R (B LA A B A A AR B A O SRR AR N 55 "P<C0. 05, P<C0. 01, *"P<C0. 001,

RS RN, aac(6')-Ib . ermB 3 [H
#a %t B LE TAP Fl no-TAP 43 2H 0,2 H ik F 6 A i
B3 I NIA B EME (P<0.01), E&4516%77
Ko ZIFHREIRAEH R G LI, UL 3 HIBN NS,
VD 52 W aac(67) 16 FEPH 4 %t 3 8 78 no-IAP
H2 A6 Ay a BEFENE (P<<0.001), ermB
JEPAE TAP 1 no-TAP #rp,2 i HI 6 H #% 3 H
I BT & (P<<0.001), tetM 3£ FH 1 no-
IAPAHT,2 At 6 Hid4 3 HIR A B EFHE
(P<<0.00D) ;#E CS )2 F saac(6")-Ib £ [H7E IAP
M2 A6 Al 3 HId WA B EMF & (P
0. 05 5;<C0. 001), ermB &K 7E IAP I no-IAP 4
h.2 HIRA 6 AW 3 HRW AR EWHT &

(P<<0.001),
BRI o B
3.1 FPHAAHY ARG THABRILE A ABHE

WA ARGs £ ABFTELHU 6 2L E & W
ARGs 7E 3 HIE M .2 A .6 A B A RIA K i
P A REA PR T aac (67)-10 . E 4 BF 52
B TR R YU R AR R B LA ARGs 1Y
LA A A B R N ARG
HEAh TAP if ] RE S B — 28 B- P E i 4 75 19 ARG
=BT R T o AT Rk ok A B R
TAP 557 32K ARGs B Th i 2 2 )L i o 7 ik
I E B R,
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TEAME T MG 23 16 0 X5y 2 5 KB CS 22
IH TAP Z R LBl . 72 I R b TAP 3@ % H +
B X R A L B AR R 0 B O BE R R (Group
B Streptococcus, GBS) i Y] I & YL Jz Ar & A B,
EFXF GBS i #r BHE LA GBS & M s & m fE K R W
ZP 0 MR 8 TAPYS  (H A K A BIF 5% 3F 58 4 W 7
K5 TAP (5686, R AR 58 50 2 05 FEAR I TAP fiff
FH S B85 41 o LAk 2D TR 2% PR 2 52 i

16 TAP XA [F B[] g ARGs 3= B (9 52 1 43 B
o R BEEL 6 T BT mec A BE R 8 K 43 )2 ke oy
W7 XAy R IE W VD WA LT . TAP 41/ ARGs
F R B EE T no-IAP 4. $#2/5 TAP xF 22 )L iz i
DRI 24 P Y 52 ) W] BRRE L B A JE R AE . T aac
(6")-1b FeH 4%t FREEAE 2 H it CS 202 F »no-1AP
2L i %k FE WD T TAP 415X — 45 1 0] fE 5 B
AR, NIIEE LKE mecA FH 4 15 5 &
REAE O R BP9 ke (4 5 R DR B A T
i 255 saac(6”) -Tb 3[R 5 5 3 0l T 28 ) 2 S A 45
B DA 259 TC ks & #E/E F  TR) R 30 {ofF v s T 285 24
PO R . A — IR B L RRE 3
T REA UEAT DU P 0 8 il sE T TAP 52 )L 6 A
4 38 B ARGs ] % gl i fE oo 0 & R
S B B AR ST T X AR A K g B R
Bart2es) R, SR L ARGs B 3G AT g 2 %K
it B 325 8 TR 2 1)
3.2 ELUMpi A AR A 0w 2h bk A A R] A 3 e A
B ORI MEL R T2 IL ARGs B} 8] () 45 1k 4
P, e oy % X4y 2R B AE CSIAP 4 1, aac
(6")-16 JLH7E 2 A .6 A% 3 HiIRME ARGs
FEA B EF . AU R, B E E R
ARGs (1) 3= i Fifi 4 8 35 4 07 35 1 CS 22 L3 fin i
R N A7 R g A e o S i P
Mo IX B LE KA RN AR b Z il 4 ™
&L NI AE S 3 T ARGs (19 4a % 3 B AE 1 A 5 b
N 8] ) 3 #e . A G A B B AR 57 10 40 8 i 2
Tl - B R ZE T B HEWT aac(67)-1b L7
CSIAP Jrefirp 23 HmT G 5 H K54 R
AT 8 A= JL I RE A7 6 . A7 ek 48, 7R B R
52 TAP (1 H 2L, - B e 26 3L I bla
TEM Flacc6-aph2 ()= JE 38t {8 A8 A BF 58
J& T B2 H mecA FER 4 Xt F AL E R B
IAP 5 no-TAP 28 v , i i [] A 184 fin e #4418 G & 25 P
25, WA B A B R 2L E W ARGs
A R e e g S W S e ik B T
W ARGs (1 40 18 ] LA AE 4F O% 81 M\ B 1 1% 46 45 R

JUPS, Wk, IAP W AR A AT RE7E 2L H &
ARGs fE7E By 2l b i —25 1 17 ARGs By FJE .

PrA 2 W X 4 BR S S A A T R R
MR E T RAH X 8 T X — R B E R X, 221
TEGE ORI AT BB H T AN ALJu 1Y TAP 288 S 86 LW
1 ARGs By % ARG AT 24 7] 80 5¢
. TAP AIARLFEAR GBS %M M 7= 13 & Az I e 1
DRSS B X 0 2 22T 24 1 5 e R 28 200 . TR AE
2015 AFEA0AR (9 CHT T8 25 ) i R 0 48 5 D 0 ) it 2
XA B AR 2R N R HEAT TR G A EEY e A
2021 IR E CLEF X7 i GBS WBh M A R
IR L T L RIS SR g 3 2
M DX B Y7 LTS . B KRR B b R G R T B 25 4k
ABIFSE B Jry R 1 TE TR A B i A B WL ¢ i ] FR T
AR TS B AR AU X 2L B B W RE R R LAY 6 A
ARGs #47 753 B AB BUA FEAS © 248 68 %5 S5 X
U AT LR R . KRBT AT LA 8 T7E KA
AR F L SETE LM ARGs, 25 4 FORS A i K6 ) 7 =X
R T A AT A 2R 2 R T LI 3 TR A T 2 M 1
KA

AW I BLTE R A 5 2 E N ARGs 2
it Fsf () 525 448 o e #4 , TAP w] 384 0m 45 B 38 43 i 22 L %
B 6 A mecA FE M 5, &5 ™ B H
TAP 7] B8 i 32 LAE 2 Ak .6 Ak aac(6)-1b
FER AT AR, L 7SS A TAP 7E 5L 2 M
DX il T TR, DU R AR R 2k R 2
£ 0T i T TR R B o AR R S
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