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[ Abstract] Objective This study aims to analyze the relationship between reproductive tract microecological
changes, metabolic differences, and pregnancy outcomes at different time points in the frozen-thawed embryo transfer
cycle while patients are undergoing hormone replacement therapy, which will be a breakthrough point for improving
outcomes. Methods A total of 20 women undergoing frozen-thawed single blastocyst transfer for the first time at the
Reproductive Medicine Center of Fujian Maternal and Child Health Hospital between July 2022 and January 2023 were
recruited for this study. Their vaginal and cervical secretions were collected for 16S rRNA sequencing and non-targeted
metabolomics analysis on days 2-5 of menstruation, day 7 after estrogen replacement therapy started, the day when
progesterone was added, and the day of transplantation. The subjects were divided into different groups according to their
clinical pregnancy status and the sequencing results were analyzed using bioinformatics methods. Results 1) The alpha-
diversity index of the vaginal and cervical microbiota was higher on days 2-5 of menstruation (P<0.01), but did not differ
significantly on day 7 after oral estrogen replacement therapy started, the day of progesterone administration, and the day
of transplantation (P=0.1). 2) Both the pregnant group and the non-pregnant group showed a variety of microorganisms

and metabolites with significant differences in the lower reproductive tract at different time points. 3) Microbial analysis
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at different time points showed that there were significant differences in vaginal flora, including Peptoniphilus,
Enterocloster, Finegoldia, Klebsiella, Anaerobutyricum, Agathobaculum, Sporanaerobacter, Bilophila, Prevotella, and
Anaerococcus in the pregnant group (P<0.05). 4) Metabolite analysis at different time points showed that there were
significant differences in 3-hydroxybenzoic acid, linatine, (R)-amphetamine, hydroxychloroquine, and L-altarate in the
vaginal secretions of the pregnant group (P<0.05), and that there were significant differences in isocitric acid, quassin,
citrinin, and 12(R)-HETE in the cervical secretions (P<0.05). 5) Metabolite analysis at different time points showed that,
in the non-pregnant group, there were significant differences in linatine, decanoyl-L-carnitine, aspartame, sphingosine,
and hydroxychloroquine in the vaginal secretions (P<0.05), and the isocitric acid, quassin, ctrinin, and 12(R)-HETE in the
cervical secretions (P<0.05). 6) Combined microbiome and metabolomics analysis showed that certain metabolites were
significantly associated with microbial communities, especially Klebsiella. Conclusions Significant differences in the
microbiota genera and metabolites at different time points were found during the frozen-embryo transfer cycle of

hormone replacement therapy, which may be used as potential biomarkers to predict pregnancy outcomes of embryo
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Fig 1 Flowchart showing the subject recruitment process
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Table 1 Basic information about the subjects
Index Pregnancy not achieved Pregnancy achieved p
group (n=10) group (n=10)

Agelyr. 28.60+3.69 30.10+4.36 0.42
BMI/(kg/m”) 20.57+2.12 20.97+2.41 0.70
Basal FSH/(mIU/mL) 6.08+2.23 5.43%1.53 0.46
Basal LH/(mIU/mL) 3.77+1.76 3.84+1.44 0.92
Basal E,/(pg/mL) 28.60+16.80 32.20+11.97 0.59
Basal P/(pg/mL)’ 0.29 (0.20, 0.36) 0.26 (0.18, 0.36) 0.57
LH on the day of progestrone administration/(mIU/mL) 10.22+4.62 11.06+4.00 0.67
E, on the day of progestrone administration/(pg/mL)* 147.00 (124.25, 189.25) 111.50 (87.75, 137.50) 0.05
P on the day of progestrone administration/(pg/mL)* 0.20 (0.13,0.31) 0.15(0.10, 0.19) 0.29

BMI: body mass index; FSH: follicle stimulating hormone; LH: luteinizing hormone; E,: estrogen; P: progesterone. " Median (Pss, Pys).
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Fig 2 Genome circos map at the phylum level
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Fig3 Boxplot of the Shannon index of vaginal and cervical
microorganisms at different time points

Val: vaginal secretions on days 2-5 of menstruation; Va2: vaginal
secretions on day 7 after oral estrogen replacement therapy started; Va3: vaginal
secretions on the day progesterone was added; Va4: vaginal secretions on the day
of transplantation; Cel: cervical secretions on days 2-5 of menstruation; Ce2:
cervical secretions on day 7 after oral estrogen replacement therapy started; Ce3:
cervical secretions on the day progesterone was added; Ce4: cervical secretions on

the day of transplantation.
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Fig4 Principal Component Analysis of vaginal and cervical
microorganisms at different time points
OTU: operational taxonomic units. The other abbreviations are given in the

note to Fig 3.



600 PUN S22 (B2 )

5 554

FAGIEEL(P<0.05) (EI5A); B Y h
Peptoniphilus, Anaerococcus., Bradyrhizobium, Bilophila,
Peptostreptococcus., Sphingomonas. Prevotellafll
Cutibacterium{f {E—E 225, (HICGE i 5 L (K5B) .

LT YR BHIE 530 - Anaerobutyricum , Klebsiella il
Enteroclosterff 1E— € 22 5, (A GL i L(E5C); &
453 W) H Bilophila . Sphingomonas#Bradyrhizobium
AnaerococcusFTE—E 225, (HTEGE 738 L (K5D) .
2.5 AR EAREREDREERSHT

AN TR] ik 5] 5 338 o ) 22 S A Q) o e R W, AR
2f13-Hydroxybenzoic acid. Linatine, (R)-Amphetamine,
Hydroxychloroquine flL-Altarate2: 5% A i 1124 7 &
(Kl6A); BT k4l Linatine, Decanoyl-L-carnitine,
Aspartame, SphingosineflHydroxychloroquinez= 5+ 4t
i (K 6B) o 22 AU S R i w5 4R 0 A 2 1,
IEURZH 5 AR AR IR 2H 22 S A 48 15 S b B I 38 . TR
R RA GRS Jae iy b OB A B
THALMI ., A5 e H A 45 Rl i % 4 DG (1&16C. 6D) o

Kruskal-Wallis H test bar plot

P value
0.049 45 = Val

o k0,003 425" Va2
SN %0001 899" Va3
\f\@%\o(’c.s » % 0.02755 ° Va4
EXOZS
S * 0,029 07
O
RS k0,000 143
z@* o x5 0,000 035 34
%@@?& % 0.001 268
X k) oy
RO * 0 0.037
& #0.029 16
O % 0.045 33
TN w5 0,001 245
OIS :
R *0.03033
X} ## 0.000 385 8
%
o Qo L L L L L L L g B
SR #% 0,000 135 2
0 010 20 30 40 50 60 70 80

@5‘ Mean proportion/%

Kruskal-Wallis H test bar plot P value

&‘b % 0.0102 =Val
ooo_z\\%l' 50,008 608" Va2
£

S * mVva
S * 001049 Tk
P ¢ 0.02185
&%@2&: L *0.01791
T 0,003 909
S *0.01195
S *0.023 66
@’i@@b.- #%0.004 735
S £ 001524
KIS % 0,004 695
IRLRE wx 0,000 827 5
NNESTOMN 5 0.023 48

RGO P S S S S R
YS'QS}QO 0 02040608101.21.41.61.82.0

Mean proportion/%

AN [ R 8] B 43 W ) 2 S ARG ) o0 B 2R B, G i
4 . E IR A Isocitric acid. Quassin. Citrininf112(R)-
HETEZ 5 ¥AH Git 2 L (E7A. 7B) . 25
FEIH K & R T R, AR URA 22 R A EE SR
JRARIS ., MR . RAE MRS 2R 162E DGR R
KSR AE YA A A G (B7C) o AR IEIRZH
22 Y E 2 ST E IR I | R AE 1Y OB A R
o MR 3R RSl . NAR . R ETR . 2R
A K (E7D) o
2.6 WMEMAZERIFHEFZESHH

ARG R TCAR A3 HT 25 XA [ s 1] 8 B R e
BRI B2 S5 A F BEEA AR DG A BT R ], LA
WS U DR B 0 AR OCE, JE L& Klebsiella
(/&18)

3 itig

A FETE AR VIS U R AR SR A BE, t ml E A
2P R R 2 — o T i D A B BRI P A3 2 A e

Kruskal-Wallis H test bar plot Pvalue

1
o © 003289 5o
<o 0,002 149 4 Ce3
O 5002471 5 Ced
P wxx 0,000 418
SO #0005 169
&K % 0.001718
Pl
TR £ 0.004735
S £ 0.02907
oA % 0.004 725
REASN % 0,004 725
NS
R % 0.004 735
RN % 0.01906
KK * 002366
Sl % 002366
R0
R 01234567 8910
¥ Mean proportion/%

Kruskal-Wallis H test bar plot P value
o [ o 0.001267'Ce§
S’ % 0.001919 "Ce
K% 50,007 026 "Ce
A « 002936 °Ced
% #% - 0.009 269
% E % 003681
X pr—
KD #% 0,004 735
4‘%:‘ i w5 0,004 725
K [ %% 0,000 846 3
‘Sﬁ% A w6 0.004 735
NN % 0.004 735
e [ *% 0,004 735
o L *0.016 41
X [ £ 0.03796
OX L.+ 002366

> 1 1 1 1 1 1 1 1
31;@0 0 0.10.20.30.40.50.60.70.80.91.01.1
Mean proportion/%

B 5 $3iRA (AB) SFEERA (C.D) BAFLAREMBESRRE (A.C) REFMENE (B.D) BILLE

Fig 5 Comparison of vaginal (A and C) and cervical microbiota (B and D) at different time points at the genus level in the pregnant group (A and B) and

the non-pregnant group (C and D)

The abbreviations are given in the note to Fig 3.
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Fig 6 Analysis of the differences in the metabolism of vaginal secretions at different time points

A, Scatter plot of the charge ratio and the P-value of the differential metabolites of vaginal secretions at different time points in the pregnant group. B, Scatter plot of

the charge ratio and the P-value of the differential metabolites of vaginal secretions at different time points in the non-pregnant group. C, Enriched metabolic pathway of

the differential metabolites of vaginal secretions at different time points in the pregnant group. D, Enriched metabolic pathway of the differential metabolites of vaginal

secretions at different time points in the non-pregnant group. VIP refers to variable importance in projection, a measure used to assess the correlation between a metabolite

and the classification of a sample. The higher the VIP value, the greater the contribution of the metabolite to the sample classification. DE represents differentially

expressed metabolites, and ns represents metabolites detected but not filtered by filtering parameters. Supplementary description for C and D, Blue dots represent the

metabolic pathways and red dots represent metabolites. The size of the dot increases as the number of connected points increases.
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Fig 7 Analysis of the differences in the metabolism of cervical secretions at different time points

A, Scatter plot of the charge ratio and the P-value of the differential metabolites of cervical secretions at different time points in the pregnant group. B, Scatter plot of

the charge ratio and the P-value of the differential metabolites of cervical secretions at different time points in the non-pregnant group. C, Enriched metabolic pathway of

the differential metabolites of cervical secretions at different time points in the pregnant group. D, Enriched metabolic pathway of the differential metabolites of cervical

secretions at different time points in the non-pregnant group. The abbreviations are given in the note to Fig 6. Supplementary description for C and D, Blue dots represent

the metabolic pathways and red dots represent metabolites. The size of the dot increases as the number of connected points increases.
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