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diversity and composition in a neonatal rat model of necrotizing enterocolitis (NEC). Methods Neonatal SD
rats (1~2 d, weighing 5~10 g, both sexes) were subjected to establish a NEC model through artificial formula
feeding, hypoxic-cold stress, and lipopolysaccharide (LPS) gavage. The rats were randomly divided into
normal control group (Group C, n=12), NEC group (Group N, n=20), meropenem intervention group (Group M,
n=20), and amikacin intervention group (Group A, n=20). Following modeling, Group M and Group A received
intraperitoneal injections of meropenem (125 mg/kg) or amikacin (468 mg/kg), twice daily for 3 consecutive
days. Groups C and N were administered an equal volume of normal saline. At the end of the intervention,
colonic contents or fecal samples were collected. The gut microbiota structure was analyzed using 16S rDNA
high-throughput sequencing. Bioinformatics analysis was performed using the QIIME2 platform. Alpha
diversity was evaluated using Chaol, Shannon, and Simpson indices. Beta diversity was assessed based on
Bray-Curtis distance through principal coordinate analysis (PCoA) and non-metric multidimensional scaling
(NMDS). Venn and UpSet plots were generated to visualize the composition and overlap of operational
taxonomic units (OTUs). Linear discriminant analysis effect size (LEfSe) was applied to identify differentially
High-throughput 16S rDNA sequencing showed that the N group had
significantly lower 3 indices of a diversity than the C group (P<0. 01), that is, a Chaol index from 230 to 40, a

abundant taxa across groups. Results

Shannon index from 1. 65 to 0. 85, and a Simpson index from 0. 65 to 0. 42. After antibiotic intervention, both
the M group and A group obtained obvious increases in the Chaol index than the N group (P<0. 001), with a
greater increase observed in the M group than in the A group (P<0.05). However, neither antibiotic group
exhibited notable improvements in the Shannon index or Simpson index compared with the N group (P>0. 05).
Venn and UpSet analyses revealed that the M group had the highest number of unique OTUs (283), while the
A group shared the most OTUs (63) with the C group. PCoA and NMDS analyses indicated that the microbial
structure of the A group was closer to that of the C group, with better clustering. Taxonomic composition and
LEfSe analysis demonstrated that the N group was enriched with potentially pathogenic taxa such as
Escherichia coli B2 and Klebsiella under the phylum Proteobacteria, while beneficial bacteria including
Lactobacillaceae and Bifidobacteriaceae (phylum Firmicutes) were significantly reduced, indicating severe
dysbiosis. In contrast, the A group exhibited a significant increase in beneficial bacteria and a structural
tendency toward ecological recovery. The M group, however, was enriched with various conditionally
pathogenic and environmentally associated genera, displaying a microbial configuration notably deviating from
a healthy state. Conclusion Meropenem and amikacin exhibit differential regulatory effects on the
intestinal microbiota in the context of NEC. Amikacin demonstrates superior efficacy in restoring microbial
stability and levels of beneficial bacteria, whereas meropenem, although effective for early infection control,
warrants caution due to its potential long-term impact on the gut microbiome.
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A: Box plot of the Chaol index based on 16S rDNA sequencing data evaluating gut microbiota richness among groups; B: Box

plot of the Shannon index based on 16S rDNA sequencing data evaluating gut microbiota evenness among groups; C: Box plot of

the Simpson index based on 16S rDNA sequencing data evaluating gut microbiota diversity among groups
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Figure 1 Comparison of alpha diversity of gut microbiota among different groups



2092

Wi 525 KRR, 2025,47(17)

http ://aammt. tmmu. edu. cn

FOTUHRZ(634), T N5 FIM A (281),
LK 2B, X —ZE B L] M4 BAE TR T &
TR R, M S @RS ESR D, i
AT B A BOIRAS s R 2 T AR SR PR
(B ST A Y EE A, TR B O TR RN E S
SERR I T3 TR I T R A I L
2.3 MERABER LR

F VAL NEC S0 AE R T X i 18 AR B 2 FEPE
A EZIR , SR FH LT Bray-Curtis J5 2 1) PCoA 5 NMDS 3
500 MT o PCoA ZE R TR, CHREAR M i fa v, R IH T
FEAEARSE s N 20 20 A1 v B2 B 0, b /R DR &5 4 Il 2 25
GLCE3A) . FHUE, AR T C4lhm, B
2 N RAE M RAF s MO R ) DE R SR (RO A B R A
B AR SRR S AR 5E 4, NMDS 455 5 PCoA ##h—

N M

=
D

‘ ’

A
A

B, CHREM A, N i EH, A 4K J7 10 ]
i, RAEMELF , M AR X251 (181 3B) . PERMANOVA
Oy BT S 7 4 20 W) TR AE 45 A 25 S B K (F=11.26, P=
0.001) . HULAT UL, NEC 7] I 25 1% YK 17 18 DA RE (0 T V%
g5k, RN B ZEE R E TS PUAER T AT E—
FEFRIE bl e ik — ZE AR H BTk R B AR s AT
TR PR NG 1 I A R T BCR A
2.4 B A AR AL AT

SRy — 20 T AN ] SOGB4 R4 Y S ), X 4%
2H R BEAE T AT AR ACE B A X = B 3647 1 53 H7 o
TETT KA b, C 4w £ 2l Firmicutes 3 %,
Proteobacteria WA A% . N 20 Proteobacteria 8%} F
FERMETHE | Firmicutes B35 T, AR TG, 24
WIFE— PR L6 T Proteobacteria N4 3K I i

UpSet Plot of OTU Intersections

250
= 200
3

8150
2100

AL

Intersection Combinations(sorted by size) B

A: Venn diagram showing shared and unique OTUs among groups; B: UpSet plot displaying the distribution of OTU

intersections across different group combinations
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Figure 2 Analysis of shared and unique OTUs among groups
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A': Scatter plot of PCoA based on Bray-Curtis distance displaying B-diversity of gut microbiota among groups; B: Scatter plot of

NMDS based on Bray-Curtis distance displaying B-diversity of gut microbiota among groups
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Figure 3 Beta diversity of gut microbiota among different groups



fili

http : //aammt. tmmu. edu. cn

B RAE

#2,2025,47(17)

2093

Firmicutes 1) [ F+, Horbr A 2 B AF 25 0 B 4200 C 4, 4
7 HAE SRS RE ) AL (81 4A B) o TERLKAF I,
N H 5 FT E R (Enterobacteriaceae ) 5 45 5, FLERFT 1
Bl (Lactobacillaceae ) F1 XU KT B B ( Bifidobacteriaceae )
A 4w W B E WD . BOKR R TS Lactobacillaceae
B2 BT, M AT BB BRI 205 H 451
(F14C.D) . NIk, NEC 75 5 . 3 (19 i 3 1 AR 2 035
AL, BRI BUR G LA f3 k . PiAER T RAT
TE— R A TE X — 454 S, Hop bR R B AR K
S A TR T AR IE 5 TS S W
2.5 X4EH BT

R HE SR T MBS NEC DL R i A= 22 1 06 SC R
J& 7= A 1) 52 W, EF X Enterobacteriaceae | Escherichia
Clostridium F1 Lactobacillus W AR X = BE R I Hu 3¢, 45
W BT C 4, N 4 Enterobacteriaceae . Escherichia
M Clostridium )5 B W 2. 7t 7 (P<0. 01, K 5A .C.\ D),
i Lactobacillus 1) 3 55 N K E T 5% (P<0. 001, K 5B) o
TP R TS, AP RTE— @ B B Bk
ARARAS VL s | Hor A ZH 1Y) Lactobacillus 7K VA6 8 h 58
R LT, BT C4H/KF, 5 N4 e, M A L ig

Phylum-level Abundance by Group
100 m Firmicutes_D
= Proteobacteria
= Acyinobacteriota
= Firmicutes_A
= FusobacteTiota
= Firmicutes_C
= Bacteriodota
= Deinococota
= Campylobacterota
= Patescibacterota
= Chloroflexota
= Cyanobacterio
= Acidobacterio
= Myxococcota_A
= Bdellovibrionata_E
= Desulfobacterota_|
= Spirochaetota
™ Gemmatimonadota
™ Firmicuter_B
™ Verrucomicrobiota

80

60

Relative abundance/%

Cc

N M A

Family-level Abundance by Group

m Lactobacillaceae

= Enterococcaceae

= Streptococaceae

™ Burkholderiaceae_A_
= Enterobacteriaceae
= Actinomycetaceae

= Peptostreptococcace
= Fusobacteriaceae

= Veillonellaceaea

= |achnospiraceae

“ Enterobacteriaceae_
= Moraxellaceae

= Bacteroidaceae

= Erysipelotrichaceae
= Mycobacteriaceae
= Micrococcaceae

™= Peptoniphilaceae

= Clostridiaceae_

™ Mluribaculaceae

= Gemellaceae

100

80

60

40

20

Relative abundance/%

Cc

N M A C

-
o
o

N
o

Relative abundance/%

-
o
o

N
o

Relative abundance/%

©
o

(2]
o

N
o

(o]
o

[
o

N
o

5 (% AKX Enterobacteriaceae | Escherichia 55 Clostridium HY
7K 3 (P<0. 001) , 18 Lactobacillus ) [n] T+ g B 45 X %%
N, ZEF TG L

2.6 LEfSe 54 4EH /&

U A AR RN T S A i T TR AR A
(DA IBRAE , R LEfSe 43 #7i BE LDA 15 43>2. 5
MR EEFHIE. 2R, NHhREEENHE
F%s_Escherichia coli_B2 .s_Clostridium sensu_stricto_1 .
g_Klebsiella .g_Providencia 1 g_Pseudomonas SERREAH
KFEJE. CHPEERIE FEAHE s_Ligilactobacillus
apodemi , g_Romboutsia . s_Fusobacterium AP, BEW
ZREEEGE TS REE . A 2N E 2E s_Lactobacillus_
Johnsoniis_Lactobacillus_intestinaliss_Limostlactobacillus_
reuteri 55 MLRY 25 A2 TRT | K2 BT 10 IS TR RE IR 52 Ha 4z
T A FEAR S s M ZH W) F £E s_Enterococcus_B_hirae .
g_Burkholderia ,g_Acinetobacter %5 5/ B0 A J& , VA I
s_Streptococcus_thermophilus . s_Pediococcus acidilactict
FAEBURPEE R (K 6 ), S HE R B Rk AR
B S FERASAAAE W M 25

Phylum-level Abundance by Sample

= Firmicutes_D

= Proteobacteria

= Acyinobacteriota
™ Firmicutes_A

= Fusobactefiota

= Firmicutes_C

= Bacteriodota

= Deinococota

= Campylobacterota
= Patescibacterota
= Chloroflexota

= Cyanobacterio

= Acidobacterio

= Myxococcota_A_
™= Bdellovibrionata_E
= Desulfobacterota_|
= Spirochaetota

= Gemmatimonadota
= Firmicuter_B

= Verrucomicrobiota

B

o

— mxRenRRerd s S0 EgLegersnzagEan
o5 sozsenes

Family-level Abundance by Sample

m Lactobacillaceae

= Enterococcaceae

= Streptococaceae

= Burkholderiaceae_A_
= Enterobacteriaceae
= Actinomycetaceae

= Peptostreptococcace
= Fusobacteriaceae

= Veillonellaceaea

= |Lachnospiraceae

= Enterobacteriaceae
= Moraxellaceae -
= Bacteroidaceae

= Erysipelotrichaceae
= Mycobacteriaceae
= Micrococcaceae

= Peptoniphilaceae

™ Clostridiaceae_

= Miuribaculaceae

=" Gemellaceae

o

D

A: stacked bar chart of mean phylum-level abundance among groups using 16S rDNA sequencing; B: Stacked bar chart of phylum-

level abundance per sample using 16S rDNA sequencing; C: Stacked bar chart of mean family-level abundance among groups using

16S rDNA sequencing; D: Stacked bar chart of family-level abundance per sample using 16S rDNA sequencing
B4 SHEMEEHARZTUSH

Figure 4 Analysis of changes in gut microbiota composition among groups
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Figure 5 Relative abundance changes of key genera across groups
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Figure 6 LEfSe analysis for characteristic genera in each group
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