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Abstract

Objective: To analyze the characteristics of intestinal flora in patients with Kidney deficiency-type
chronic aplastic anemia (AA) and to evaluate the regulatory effect of Bushen Shengxue Formula
combined with immunosuppressive therapy on the intestinal flora structure. Methods: This study
enrolled 19 patients with kidney deficiency-type chronic AA diagnosed at the Affiliated Hospital of
Shandong University of Traditional Chinese Medicine from January to October 2024. A self-
controlled before-and-after design was adopted: before receiving 6 months of combined treatment
with Bushen Shengxue Formula, cyclosporine, and stanozolol, the patients were included in Group
A (pre-treatment group, n = 19); after treatment, they were analyzed as Group B (post-treatment
group, n = 19). Additionally, 15 healthy subjects were recruited as Group C (control group, n = 15).
The V3~V4 region of the 16S rRNA gene in fecal samples was sequenced using the Illumina NovaSeq
6000 platform. Bioinformatics analysis was performed using QIIME2 and R software, including alpha
diversity, beta diversity, and LEfSe differential species screening. Results: There was a significant
difference in intestinal flora diversity between Group A (pre-treatment group) and Group B (post-
treatment group) (P < 0.05), whereas no statistically significant difference was observed between
Group A and Group C (healthy control group) (P > 0.05). At the phylum and genus levels, Bacteroidetes,
Proteobacteria, Firmicutes, Actinobacteria, Verrucomicrobia, Escherichia-Shigella, Bifidobacterium,
Streptococcus, Faecalibacterium, and Rarimicrobium were the dominant flora in AA patients. The
relative abundance of Patescibacteria, Bacteroidetes, Lactobacillus, and Ruminococcus showed an
upward trend in AA patients, while that of Campylobacterota and Erysipelatoclostridium showed a
downward trend, with statistically significant differences in abundance compared with Group C. After
combined treatment with Bushen Shengxue Formula, the abundance of Bacteroidetes, Patescibacteria,
and Ruminococcus decreased. Conclusion: Compared with healthy controls, the intestinal flora structure
of patients with kidney deficiency-type chronic AA undergoes significant changes, and combined
treatment with Bushen Shengxue Formula can modulate the intestinal flora structure to achieve the
therapeutic purpose.
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i FRHLLLVE RS T G, S BEE M Th RS VIR [5], #NF SR BN E E AT ik, BHUR
B A L 24P T 3 T bk A I S R AP SR A PO I 240 D B RE[6] - BRATTRISUIFRY ik PR 7 8k — AR S,
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ABEFT 2024 £ 1 H A 10 HILGIN 19 115k B LR A 22 245K 52 Bt & 2= e ML A 1 R 2 18 1 7
ARG LBV R (A ). BTG BB E LN (1) 8RN R IZERE8]: (2)
HHEEHHIE R B R E(RAE S PR B PR ZCE PP R) [9]: (3) -k 18 % 65 % o B FT M HEBR ARt (45 :
Toikin S e 7 s Wi /MR BAAER T g A 2 2 s A A
PR AT G P PR 2 B SRR s A IR i R G B R s SRR BRI FL
Wi, AR, AHEF 5 % 15 B SR E VE X IRZH(C 4) . R R NIRRT Y
Vi gl g s i 1A WIE B BEAERER s BT 1A A AR IR R 2459 56 2 )
7 19 Bl Fgpe B (A )b, B 9 B, Lotk 10 4, 4F#% 25~76 &, YRS 47.79+£15.58 & . iz EE
KT WEE IR E4(B 4, n=19). EEXIRA(C 4, n=15)EFE &t 8 . B4 7], 4 29~57
%, PR N 45.07 £7.76 5 . A SN RRA R — BRG0P > 0.05), AARHME.

22. A%

H 26T G AN SR A A RN, A R B A i T RS RE . BT 25N R . EHIEE 15 g,
B 159, Y0109, H£FE 129, LT 129, fMFNE 129, ViFS 69, (K% 159, Lui¥ 129, ¥#
FH 129, Fkc6g, AAR12g, EHKK 109, LT 129, LZE¥H 129, k129, Mgk 69, il
B 6 9. AIRITHRILRRS: 6 NMTHE, BAITREMA MR E N 28 K. P ABE IR KR TR (7 44 -
BraR ) S 3 H IR (B ) k)R dT . Herp A E H & 3~6 mo/(kg-d), Zr PRIk, FISHBEEE 6 mo/d,
=R R TEREASIRITIIIR], BT B B2 SRR YT, A4S D B RE B AOE AL B

2.3. MERIRFIEMNARHE

THRITHUEET (0 AN ) BAfy7 25 R (6 AN A ) o3 Sl RS B3 A A I, 1 sk A Hh PR A A A
M2 8 A R /MR, PR IRAIT R B . 20, S E AR & . hEma &y > 110
g/lL, BHEMAEA >1209/L, RGN >1.5%x 1090, /MR >100 x 10%L, BEV5 1 LA ERE
Ko GffE: L. BIFIGARERE K. HmaiE >110g/L, BHMaEA >120g/L, H40H 3.5
x 10°%L Zits, M/MRCE TR, BV 3 AN H B e sk St . R G . i SR 52 ek
5, HICTE e ] ML A ACPEIRITHT 1A A KR 30 g/L, JFRE4ERE R 3ANH . AL
g RITRRRIT R, B IGARREIR R RIS ARIL R “ B BFED T R, BABERTE AR N GERRE
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2.4.1. KRAUEE

AT TFHEIT (0 A ) K VA S7 45 BN (6 AN ) PN 1) 50, T2 A% S0 0 T B 1 30 SR AR B ST AR AR,
FEHIR TR B A &5 4. FEARE G EH T LG FEE T, R T-80°CHMRIRIKAT, L4585
IR

2.4.2. DNA 2B 51

&L DNA FIHE B T+ /5 ek = B L iR 4k 4% (Cetyltrimethylammonium Bromide, CTAB)i%. FiT$k DNA
{190 )5 B 5 VA B Sl e 3o B AR W A LK AN S8 Ah 2 Y BEVE AT VA b E
2.4.3.PCR i/ #8552 F

DA 50 ng &t DNA s, A% 165 rRNA A V3-V4 7] 42 X 4 5744 51 4)(341F: 5-CCTACGGG-
NGGCWGCAG-3'; 805R:5-GACTACHVGGGTATCTAATCC-3), 5 PCR R4 iRk M ilB 4tk 3t [ e 41 50
pl R RBEATY . PSR SE, I 2%E R UK IR UE P T, XA AR 1 PCR AT 4k
5. BiJa, A Agilent 2100 ZE 04145 Nlumina 2% & EARF G X AL = AT IS, BiEbR
FEAAT B B I LR & . TR A SUEZL NaOH AL G, 4 7E NovaSeq 6000 “F-& T 2 x
250 bp [FI X0 T o
244 EMESEIH

BTN TR RGEYE, S 8k, 7. P, JiEE L% — RAbrdEn e, BATERT
BRI ASV RHIEF A R FRERA . FIRNZEE, FRATEE— 0T TR 4. Alpha 55 Beta Z M.
LR 5] 43 4T (LDA) BL A 40 R T-(LDA Effect Size, LEFSe) 70T, L2 Stk Hb ik th 28 AN [R) 40 51 v =F i 22
SR TEAIILYP IR

25. GiitFabE

AHFFRFIH SPSS 26.0 BAFBATHIE 2. FFE IESD AT EERT RIK R T ZE 08, LA LSD-
VBT R P EL AL AR IEA /0 %R H Wilcoxon BRI . T+ B DUE(E 45 Ho) s, 1T 246
5. g2z sl ANOSIM TR 36 . Giih i3 MKF i e P < 0.05.

3. &R
3.1. IEERTTH

Table 1. Comparison of blood parameters in AA patients before and after treatment

= 1. AA BEIRITRIE MK XTEL

AA EFIRITRT AA EBFIRITIE
4 (< 109/L) 2.68 £1.35 3.30 £0.86
R4 A (< 109/L) 0.91+0.16 1.45 +0.18*
IM4T 2 F (g/L) 59.00 + 9.30 85.53 + 13.38*
/MR (%10%L) 27.32£9.92 55.68 + 10.57*

E: WRITHTE, P <0.05,
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Figure 1. Venn diagrams and diversity analyses of gut microbiota in groups A, B, and C ((a) shows the Venn diagram of ASVs
across the three groups; (b) presents Beta diversity analysis; (c) displays Alpha diversity analysis, with * indicating P < 0.05
and ns indicating P > 0.05)

1. A\ B, CiHAEREE Venn EIRZHM () 3 LARFEEEE ASV B Venn [E; (b) Beta ZHEME 2 4r; (c) Alpha
SRS, 3% P<0.05; nsft3E P >0.05)

3.3. EEHESEFNEST

3.3.1. IFIEEAF Beta ZHIESTHT

T unweighted Unifrac &5 Jaccard FEES, FRATN —ZHFEAN Beta ZREMEHAT T 001 ALV AT
(PCoA) /=20 8] [X 43 B 2. (4] 1(b)). #3251 Anosim UL 2 145 B(R {553 5 0.4676 F1 0.4732)iIF 52
THREREERKTHNZERP<0.05), XWHHEH RBIFHIX DN,

3.3.2. Alpha ZH 15 Hr

Alpha ZFEE 7 #r 32 2 S S 2 BEVE B 2R, AP R (3.4.4) %5 = B4l 2E4T Alpha 2 #E1E 7
Hr(E 1(c)), Hrh EZHEL Chaol fEHOk I WU Th B SR A% H , Simpson A1 Shannon FE 0k 32 47)
FEEE. 4R ER: A 4 Chaol $8%L. Simpson #5%1. Shannon #5%(. ¥mT B 4, HWHEREER
(Wilcoxon Text, P < 0.05), i A 215 C 4Hid], A 4 Simpson 1 Shannon #5#4fic T~ C 41, Chaol 4541
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C 4, 1M 3 MEEI T &2 % F(Wilcoxon Text, P>0.05), B #15 C 41A] Chaol 18 E ¥ 2 %, Simpson
Fe%. Shannon 5% B AIIK T C AW H EEER.

3.4. IBEEEIFER T

HF ASV Fi s, A SILVA PLJ NT-16S s S b o 28 1 Ja 6250 Mt o« AR PP Fh =F FE R A FpyE
Bk, R HER AT 30 R oy 28, DIES AR EE B I 2). 3 HFEA LY 52 Y 3,427,568 %K,
FIE3RAEIT, TI3 1 HE.
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Figure 2. Analysis of intestinal microbiota species composition
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Figure 3. Analysis of species diversity at the phylum level ((a) (b): phylum level; (c) (d): genus level)

E 3. NBEKFIMERMESI((@) (b):

DOI: 10.12677/acm.2026.1672664


https://doi.org/10.12677/acm.2026.1672664

JYr TE B R DA ) 2E TR) 22 AR B T A SG4TSR BB AR RIE T R A (3.4.4) 8 k.
ETTKF L, 5 C ML, 697 R4 5 11 (p_Bacteroidota). Patescibacteria B [ JAHX=FFEH 0, 25 il
I"](p_Campylobacterota) #Hx} /b, 2 F B A Gt 245 L (P < 0.05) (K 3(a)). fEE/AKF L, 5CH
FHEE, 697 040242 1 8 (g Erysipelatoclostridium)AH 5 = 5 B 2 i/, 988 B Bk 5 & (g__Ruminococcus)
FLAT B (g__Ligilactobacillus)AHXS = 25 B R 39 i, 2 5 BA Suih5 8 (P < 0.05) (] 3(c)) . 5iRITRT4AHLL,
WBIT I, T1KF LB BRATH 1](p_Desulfobacterota) #1 Patescibacteria =F /5 {3 F#{I(P < 0.05), J&/K -8 B ER
14 J& (9_Ruminococcus) F A3 4 B J& (g_Agathobacter) =F & N ¥, 111548 I )& (g_Erysipelatoclostridium) A %
1K & (g_Enterococcus) £ iR, ZE R A G5 X (P < 0.05) (K1 3(b). 14 3(d)).

3.6. LEfSe ZR5947

Ef R NBEAHEL, AA B IR 1] (p_Bacteroidota) . FL AT % J& (g_Ligilactobacillus) . 87 &5 K i J&
(g_Ruminococcus). FriFER AT 1 J& (g_Citrobacter). 5 1% 5 J&8 (g_Alistipes) & B B EE B & . 1#FE N
Hh 7 TE TR R AR N = FE A S 2 P EEAR 1 iR (g_Erysipelatoclostridium) &5 (1] 4(a)) -

(a) - A (b) .

mm C &

Bl a: g_Muribaculaceae_unclassified Bl j: o_Erysipelotrichales B a: g_Alistipes Bl m: f_Clostridiaceae

B b: f_Munbaculaceae Hl k: g_Ligilactobacillus B b: f_Rikenellaceae El n: g_Agathobacter

B c: g_Aistpes B |: g_Ruminococcus Bl c: g_Chloroplast unclassified B o: g_Coprococcus
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Bl e: o_Bocteroldales B n: g_Ruminococcus_gnavus_group Il ¢: o_Chloroplast Bl q: g_Fusicatenibacter

Il f: ¢_Bacteroldia Il o: f_Peptostreptococcaceae Bl f: ¢_Cyanobacteria B r: g_UCG_002

Il g: p_Bacteroldota I p: o_Peptostreptococcales_Tissierellales Bl g: P_Cyanobacteria B s: f_Oscillospiraceae

B h: g_Erysipelatoclostridium B q: g_Citrobacter B h: g_Erysipelatoclostridium H t: g_Rubellimicrobium

M i: f_Erysipelatoclostridiaceae Bl i: g_Enterococcus Bl : f_Rhodobacteraceae
I j: f_Enterococcaceae B v: o_Rhodobacterales
Bl k: g_Limosilactobacillus B w: g_Citrobacter

Figure 4. Differential evolutionary branch diagrams of gut microbiota LEfSe analysis across three groups ((a): comparison
between Group A and Group C; (b): comparison between Group A and Group B)
[E 4. 3 {AMAEERE LEfSe DT ERHM T T E ((2): AES CUAELE; (b): A5 BAEEE)

el A(D) TR, AA BB IR YT T A TR AR X =R P52 A e )2 AN Bl AT 1 J (9_Agathobacter) . %2 7K R
(9_Dorea). #Ek[ )& (g_Coprococcus). 715 Ex 4H 14 J& (g_Citrobacter). Limosilactobacillus J&(g_Limosilacto-
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bacillus) 7 ¥ B J& (g_Alistipes) &5 . 1697 J5 3R 1% J& (g_Enterococcus) « 15 #8 I J& (g_Erysipelatoclostridium) .
W5 11(p_Cyanobacteria) . 2j%#4% )& (g_Fusicatenibacter). 2L 13k % J& (g_Rubellimicrobium) 4541 iz i
PR o
4. ¥1ig

Z IR, WEWARES B SRR ERER R AR RIS, HNUHIPE & S a5 51 AR
WA T A B O, LSS B R A B R AR 2 R I PRI BRI S A TR 4R N [10]-[12] 55

AW TR I, B R 2R B A T TR 22 FEMERRAIG, DL Patescibacteria B[] PIFFEE T FLAT
WE - B ER R AR I B, BT PHERE R I BB SONRHE, X5
Z I SRR ES N I8 B2 AN G R — B [13] . X — 45 R 5 P T FF A e m g RE,
HERINH, BR 7R FEEIZ ORI, ERA NG E, FREMIhREEmE[14]. IR iR,
B IR TV EA SR T e da S e, wRREE “fig - B8R o liziE w s t, s
TR =4 (n 5 A T ) P s> mT ot — S5 o) s I 240 PR A 15 5 5 23 A [15] - ASHIF 0 52 3 ) P00
BT 15 5 T BRI Rl i3 B B odads 14, (R adk JORE PR R, 2R T I B I A 58 ) S e i 4 s TR B AR 1T
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