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Pregnant women are at high risk of developing subclinical hypothyroidism (SCH), and anti-
thyroid peroxidase antibody (TPOAb) positivity can further inhibit thyroxine synthesis.
Emerging evidence indicates that intestinal flora can modulate metabolic and immune
homeostasis. The characteristics of intestinal flora of TPOAb-positive women with SCH in
their second trimester of pregnancy have not been reported. This single-center
prospective observational cohort study investigated gut microbial composition and
metabolic function using sequencing of the 16S rRNA gene in fecal samples from 75
TPOAb-positive women with SCH and 90 TPOAb-negative women with SCH during their
second trimester of pregnancy. Women were treated with no levothyroxine (LT4), low-
dose LT4 (≤50ug/d), or high-dose LT4 (>50ug/d). Taxonomic analysis showed Firmicutes
and Bacteroidetes were the dominant phyla, followed by Actinobacteria and
Proteobacteria. Faecalibacterium, Bacteroides, Prevotella 9, Bifidobacterium,
Subdoligranulum, Lachnospira, and Megamonas were the predominant genera. The
intestinal flora of TPOAb-positive women with SCH who received no LT4 was
characterized by bacterial amplicon sequence variants (ASVs)/operational taxonomic
units (OTUs) enriched in the genus Subdoligranulum. The intestinal flora of TPOAb-
positive women with SCHwho received low-dose or high-dose LT4 were characterized by
bacterial ASVs/OTUs depleted of the species Ruminococcus sp._or Bacteroides
massiliensis, respectively. A total of 19 metabolic functions of intestinal flora, mainly
involving lipid and amino acid metabolism, discriminated TPOAb-positive and TPOAb-
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negative women with SCH. Our study suggests that there are differences in the
composition and metabolic function of intestinal flora of TPOAb-positive and TPOAb-
negative women with SCH treated with different doses of LT4 in the second trimester of
pregnancy. The findings provide insight into intestinal flora as novel targets for the
treatment of TPOAb-positive women with SCH during pregnancy.
Keywords: subclinical hypothyroidism during pregnancy, anti-thyroid peroxidase antibody, intestinal flora, second
trimester, levothyroxine
INTRODUCTION

Subclinical hypothyroidism (SCH) is diagnosed in patients with
normal free thyroxine (FT4) levels and mildly elevated thyroid-
stimulating hormone (TSH) levels (Alexander et al., 2017). The
prevalence of SCH in pregnancy ranges from 4 to 25%, and varies
according to trimester-specific reference ranges for FT4 and TSH
(Springer et al., 2017; Dong and Stagnaro-Green, 2019; Fan et al.,
2019). The enzyme thyroid peroxidase (TPO) is responsible for
the oxidation and organization of iodine, and for the formation
of FT4 and free triiodothyronine (FT3) (McLachlan and
Rapoport, 1992). Although most women with SCH are
asymptomatic, SCH during pregnancy may be associated with
adverse outcomes, including miscarriage, preterm birth, pre-
eclampsia and gestational diabetes, especially in women who
are anti-thyroid peroxidase antibody (TPOAb) positive (van den
Boogaard et al., 2011; Negro and Stagnaro-Green, 2014;
Alexander et al., 2017; Arbib et al., 2017; Korevaar et al., 2019).
The American Thyroid Association 2017 guidelines recommend
assessing TSH levels in women at high risk of thyroid
dysfunction, when they are seeking pregnancy or are newly
pregnant. Levothyroxine (LT4) may be administered to women
who are TPOAb-positive with TSH levels higher than the
pregnancy-specific reference range, or who are TPOAb-
negative with TSH levels > 10.0 mIU/L (Lazarus et al., 2014;
Alexander et al., 2017).

In humans, intestinal flora are important for maintaining the
integrity of the intestinal mucosal, immune regulation,
metabolism, and nutrition (Yang et al., 2016). Intestinal flora
can affect the absorption of micronutrients linked to the
synthesis and function of thyroid hormones (Virili and
Centanni, 2015). Conversely, intestinal flora may interfere with
the metabolism and storage of thyroid hormones (Virili and
Centanni, 2015). Small intestinal bacterial overgrowth has been
reported in patients with overt hypothyroidism; however, the
identity of these pathogenic strains of bacteria remains to be
elucidated (Lauritano et al., 2007).

To the authors’ knowledge, there are no reports describing the
characteristics of intestinal flora of TPOAb-positive women
with SCH in their second trimester of pregnancy. In this
single-center prospective observational cohort study, we aimed
to identify altered gut microbial composition and metabolic
function using sequencing of the 16S rRNA gene in fecal
samples from 75 TPOAb-positive women with SCH and 90
TPOAb-negative women with SCH during their second trimester
of pregnancy. Findings may identify intestinal flora as novel
gy | www.frontiersin.org 2
targets for the treatment of TPOAb-positive women with SCH
during pregnancy.
MATERIALS AND METHODS

Study Population
This study was a nested prospective observational cohort study
that was conducted at Beijing Obstetrics and Gynecology Hospital,
Capital Medical University between June, 2020 and March, 2021.
This study was approved by the Ethics Committee of the Beijing
Obstetrics and Gynecology Hospital (No. 2018-KY-003-01, 2018-
KY-003-02). All participants provided written informed consent.
The study was registered in the Chinese Clinical Trial Registry
(registration number ChiCTR2100047175) on June 10, 2021. All
procedures were carried out in accordance with the Declaration
of Helsinki.

Inclusion criteria were: (1) females with a singleton
pregnancy; (2) recruitment at gestational age 6-13+6 weeks; (3)
diagnosis of SCH based on thyroid function testing during the
first trimester; and (4) provided informed consent.

Exclusion criteria were (1) abortion or loss to follow-up; (2)
history of other severe systemic autoimmune disease; (3) history
of severe heart, liver, kidney, lung and/or other organ
dysfunction; (4) random adjustments to the daily dose of LT4;
(5) failure to collect a fecal sample; (6) use of antibiotics or
probiotics one month prior to collection of the fecal sample; (7)
use of medications that affect thyroid function; (8) history of
endemic goiter; or (9) history of mental illness.

Study Design
Pregnant women were screened to assess thyroid function in the
first trimester, according to China’s Guidelines for the Diagnosis
and Treatment of Thyroid Diseases Pregnancy and Postpartum
(Second Edition), 2019. Serum FT4 (enzyme immunoassay),
TSH3UL (enzyme immunoassay), and TPOAb levels were
measured us ing an automat i c chemi luminescence
immunoanalyzer (CENTAUR XP, Siemens, USA). Women’s
clinical chemistry or hemoglobin were monitored with an
automatic biochemical analyzer (CI16200, Abbott, USA) or
blood cell analyzer (XN2000, Sysmex, Japanese), respectively.

TPOAb-positive women with SCH were identified based
on TSH3UL>3.56mIU/L, FT4 11.80pmol/L-18.40pmol/L,
and TPOAb>60.00U/ml. TPOAb-negative women with SCH
were identified based on TSH3UL>3.56mIU/L, FT4 11.80pmol/
L-18 .40pmol /L , and TPOAb 0.00U/ml-60 .00U/ml .
May 2022 | Volume 12 | Article 794170

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Wu et al. Intestinal Flora of Subclinical Hypothyroidism
TPOAb-positive/negative women with SCH were stratified
according to daily dose of LT4 during pregnancy: no LT4,
low-dose LT4 (≤50ug/d), or high-dose LT4 (>50ug/d).

Fecal Sample Collection
Fecal samples were collected at 20-23+6 weeks of gestation using
the PSP® Spin Stool DNA Plus Kit (SARSTEDT, Germany).
Pregnant women collected their fecal samples in clean plastic
bags after urination. Duplicate samples from the middle of the
stool were placed into preservative in individual sterile tubes.
Fecal samples were transported to the hospital on the day they
were collected and stored at -80°C until analysis.

High Throughput 16S rRNA Amplicon
Sequencing and Analysis
The hypervariable V3-V4 regions of the bacterial 16S rRNA
genes were amplified using the following primers: 341F (5′-
C C T A YGGGR BGCA S CAG - 3 ′ ) a n d 8 0 6 R ( 5 ′ -
GGACTACNNGGGTATCTAAT-3′). Total genomic DNA was
extracted using the sodium dodecyl sulfate [SDS] and
cetyltrimethyl ammonium bromide [CTAB] methods,
according to the manufacturer (TaKaRa MiniBEST Bacterial
Genomic DNA Extraction Kit)’s instructions. All PCR
reactions were carried out under the following conditions: 15
µL of Phusion®High-Fidelity PCR Master Mix (New England
Biolabs), 0.2 µM of forward and reverse primers, and
approximately 10 ng template DNA. Thermal cycling consisted
of initial denaturation at 98°C for 1 min, followed by 30 cycles of
denaturation at 98°C for 10 s, annealing at 50°C for 30 s,
extension at 72°C for 30 s, and final elongation at 72°C for
5 min. PCR products were detected on 2% agarose gel
electrophoresis. PCR products were mixed in equidensity ratios
and purified using the Qiagen Gel Extraction Kit (Qiagen,
Germany), according to the manufacturer’s instructions.
Sequencing libraries were generated using the TruSeq® DNA
PCR-Free Sample Preparation Kit (Illumina, USA), according to
the manufacturer’s instructions, and index codes were added.
Library quality was assessed on the Qubit®2.0 Fluorometer
(Thermo Scientific) and Agilent Bioanalyzer 2100 system. The
library was sequenced on an Illumina NovaSeq platform, and 250
bp paired-end reads were generated.

Microbiome bioinformatics were performed with QIIME2
(2021.04) (Bolyen et al., 2019). Sequences were quality filtered,
denoised, merged, and chimeras were removed using the
DADA2 plugin (Callahan et al., 2016). Species annotation was
performed using QIIME2. 16S annotation was performed using
the Silva Database (Release138, http://www.arb-silva.de) (Quast
et al., 2013). Alpha diversity indices (Chao1, Shannon, Simpson,
Abundance-based Coverage Estimator [ACE]) were calculated
with QIIME2 and displayed with R software (Version 3.6.2). Beta
diversity was calculated using unweighted unifrac with QIIME2.
Principal Coordinate Analysis (PCoA) was performed to
visualize similarities and differences in data. A matrix of
unweighted unifrac distances was transformed into a new set
of orthogonal axes, where the maximum variation factor was
demonstrated by the first principal coordinate (PCoA1), and the
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
second maximum variation factor was demonstrated by the
second principal coordinate (PCoA2). The two-dimensional
PCoA results were displayed using the ade package and
ggplot2 package in R (Version 3.6.2). The linear discriminant
analysis effect size (LEfSe) (http://huttenhower.sph.harvard.edu/
galaxy/; Segata et al., 2011) (LDA score threshold: 2 for
functional prediction or 4 for microbiome taxa) was used for
quantitative analysis of biomarkers. Functional profiling was
performed with Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt2) (https://
github.com/picrust/picrust2; Douglas et al., 2020) with a single
script (PICRUSt2_pipeline. Py).

Statistical Analysis of Clinical Data
EpiData was used for data entry, with double data entry and
validation. SPSS 26.0 software was used for statistical analysis of
clinical data. Normally distributed continuous variables were
reported as mean ± standard deviation, and were compared
using the independent samples Student’s t test. Non-normally
distributed continuous variables were reported as medians and
quartiles, and were compared using the Wilcoxon signed-rank
test. Categorical variables were reported as frequency [n (%)].
The Wilcoxon signed-rank test was used to compare rank
categorical variables. The chi-square test was used when there
was no rank association between categorical variables. P<0.05
was considered a statistically significant difference.
RESULTS

Clinical Characteristics of Subjects
A total of 75 TPOAb-positive women with SCH and 90 TPOAb-
negative women with SCH during pregnancy were included in
this study. Compared to TPOAb-negative women with SCH,
TPOAb-positive women with SCH were more likely to have a
history of thyroid disease (41.3% vs. 14.4%, P<0.0001) and had
significantly higher total cholesterol in the first trimester
(4.34mmol/L vs. 4.06mmol/L, P=0.022). Other clinical
characteristics were not significantly different between
groups (Table 1).

After stratifying according to daily dose of LT4 during
pregnancy, 12 TPOAb-positive women with SCH and no LT4

(A1), 24 TPOAb-positive women with SCH and low-dose LT4

(A2), 39 TPOAb-positive women with SCH and high-dose
LT4 (A3), 30 TPOAb-negative women with SCH and no LT4

(B1), 43 TPOAb-negative women with SCH and low-dose LT4

(B2), and 17 TPOAb-negative women with SCH and high-dose
LT4 (B3). Microbiome bioinformatic information was compared
in TPOAb-positive women with SCH who received no LT4 (A1)
and TPOAb-negative women with SCH who received no LT4

(B1), TPOAb-positive women with SCH who received low-dose
LT4 (A2) and TPOAb-negative women with SCH who received
low-dose LT4 (B2), and TPOAb-positive women with SCH who
received high-dose LT4 (A3) and TPOAb-negative women with
SCH who received high-dose LT4 (B3).
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Composition of Intestinal Flora
Among 165 fecal samples, the effective sequence number was
12,357,737. A total of 8,905,780 high-quality reads were
identified after sequence denoising or clustering. The number
of total/unique/common amplicon sequence variants/operating
taxonomic units (ASVs/OTUs) are shown in Supplementary
Figure 1A. The number of ASVs/OTUs classified to the family,
genus and species levels are shown in Supplementary Figure 1B.
Taxonomic analysis showed Firmicutes and Bacteroidetes were
the dominant phyla, followed by Actinobacteria and
Proteobacteria (Figure 1A). Faecalibacterium, Bacteroides,
Prevotella 9, Bifidobacterium, Subdoligranulum, Lachnospira
and Megamonas were the predominant genera (Figure 1B).
There were no differences in the a-diversity indices between
TPOAb-positive and TPOAb-negative women with SCH who
received no LT4, low-dose LT4, or high-dose LT4 (Figure 2 and
Supplementary Table 1).
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The refraction curve of intestinal flora indicated the number
of ASVs/OTUs analyzed was sufficient, and the distribution and
abundance of species in each subgroup was high and adequate
for data analysis (Figure 3A). On b-diversity, PCoA1 and PCoA2
explained 14.6% and 9.1% of the observed variation in the
taxonomic profiles of intestinal flora across subgroups. The b-
diversity of the intestinal flora in TPOAb-positive and TPOAb-
negative women with SCH who received high-dose LT4 was
significantly different (PCoA1, P=0.047) (Figures 3B–D and
Supplementary Tables 2, 3). There were no differences in the
b-diversity of intestinal flora between TPOAb-positive and
TPOAb-negative women with SCH who received no LT4 or
low-dose LT4 (Figures 3B–D).

Intestinal Flora as Markers of SCH
During Pregnancy
LEfSe analysis of differential species abundance was applied to
identify intestinal flora that served as markers to distinguish
TABLE 1 | Demographic and clinical characteristics of the study participants.

Characteristic TPOAb-positive women with SCH (n = 75) TPOAb-negative women with SCH (n = 90) P value

General information
Han ethnicity, n (%) 69 (92.0) 81 (90.0) 0.656
Education background
(postgraduate and above), n (%)

16 (21.3) 21 (23.3) 0.846

Education background
(undergraduate), n (%)

42 (56.0) 45 (50.0)

Education background
(college and below), n (%)

17 (22.7) 24 (26.7)

Family income
(over 4×105yuan/year), n (%)

22 (29.3) 25 (27.8) 0.925

Family income
(105to 4×105yuan/year), n (%)

44 (58.7) 55 (61.1)

Family income
(less than 105 yuan/year), n (%)

9 (12.0) 10 (11.1)

first pregnancy, n (%) 41 (54.7) 52 (57.8) 0.688
Thyroid disease history, n (%) 31 (41.3) 13 (14.4) 0.000
Natural pregnancy, n (%) 73 (97.3) 86 (95.6) 0.544
Smoking, n (%) 4 (5.3) 6 (6.7) 0.721
drinking, n (%) 5 (6.7) 4 (4.4) 0.531
Indicator in the first trimester
Sickness, n (%) 25 (33.3) 41 (45.6) 0.111
Animals exposure, n (%) 11 (14.7) 16 (17.8) 0.591
Age (year), median (IQR) 33 (30-37) 33 (31-34) 0.623
BMI (kg/m2), median (IQR) 21.6 (20.1-24.6) 21.7 (19.9-25.3) 0.961
SBP (mmHg), median (IQR) 112 (104-120) 110 (101-117) 0.153
DBP (mmHg), mean ± SD 67 ± 11 65 ± 9 0.193
ALT (U/L), median (IQR) 12.20 (9.70-20.60) 12.30 (9.78-17.43) 0.766
AST (U/L), median (IQR) 14.40 (13.00-17.30) 15.05 (12.68-16.93) 0.889
ALB (g/L), mean ± SD 43.96 ± 2.50 43.45 ± 1.91 0.188
GLU (mmol/L), median (IQR) 4.63 (4.49-4.93) 4.65 (4.45-4.84) 0.496
BUN (mmol/L), mean ± SD 3.11 ± 0.69 2.96 ± 0.56 0.116
UA (µmol/L), median (IQR) 214.30 (186.00-255.30) 213.70 (183.05-252.48) 0.973
CRE (µmol/L), mean ± SD 49.37 ± 6.76 48.70 ± 5.76 0.491
TC (mmol/L), median (IQR) 4.34 (3.84-4.85) 4.06 (3.74-4.54) 0.022
TG (mmol/L), median (IQR) 1.02 (0.70-1.40) 1.00 (0.78-1.44) 0.855
HDL-C (mmol/L), median (IQR) 1.54 (1.33-1.76) 1.42 (1.25-1.59) 0.093
LDL-C (mmol/L), median (IQR) 2.28 (1.93-2.79) 2.10 (1.89-2.46) 0.064
HGB (g/L), mean ± SD 130 ± 10 129 ± 10 0.572
May 2022 | Volume 12 | Article
IQR, interquartile range; TPOAb, thyroid peroxidase antibody; BMI, body mass index; SBP, systolicblood pressure; DBP, diastolic blood pressure; ALT, Alanine aminotransferase; AST,
Aspartic acid aminotransferase; ALB, albumin; GLU, blood glucose; BUN, blood urea nitrogen; UA, uric acid; CRE, creatinine; TC, total cholesterol; TG, triglycerides; HDL-C, high-density
lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; HGB, hemoglobin.
P<0.05 was considered a statistically significant difference.
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TPOAb-positive and TPOAb-negative women with SCH during
pregnancy. The intestinal flora of TPOAb-positive women with
SCH who received no LT4 was characterized by bacterial ASVs/
OTUs enriched in the genus Subdoligranulum (Figures 4A, B
and Supplementary Table 4). The intestinal flora of TPOAb-
positive women with SCH who received low-dose LT4 was
characterized by bacterial ASVs/OTUs depleted of the species
Ruminococcussp_N15_MGS_57 (Figures 4C, D and
Supplementary Table 4). The intestinal flora of TPOAb-
positive women with SCH who received high-dose LT4 was
characterized by bacterial ASVs/OTUs depleted of the species
Bacteroides massiliensis B84634_Timone84634_DSM17679_
JCM13223 (Figures 4E, F and Supplementary Table 4). Three
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
marker bac te r i a (genus Subdo l i g ranu lum , spec ie s
Ruminococcussp_N15_MGS_57 and Bacteroides massiliensis
B84634_Timone84634_DSM17679_JCM13223) were uniformly
distributed among the subgroups (Supplementary Figures 2A,
B and Supplementary Table 6).

Functional Prediction
LEfSe analysis of functional abundance based on the KEGG
pathway map was used to predict the metabolic functions of the
intestinal flora that served as markers to distinguish TPOAb-
positive and TPOAb-negative women with SCH during
pregnancy. A total of 19 metabolic functions of intestinal flora
discriminated TPOAb-positive and TPOAb-negative women
A

B

FIGURE 1 | (A, B) Taxonomic analysis at the phylum or genus level. A1, TPOAb-positive women with SCH and no LT4; A2, TPOAb-positive women with SCH and
low-dose LT4; A3, TPOAb-positive women with SCH and high-dose LT4; B1, TPOAb-negative women with SCH and no LT4; B2, TPOAb-negative women with SCH
and low-dose LT4; B3, TPOAb-negative women with SCH and high-dose LT4.
May 2022 | Volume 12 | Article 794170
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with SCH. The intestinal flora of TPOAb-positive women with
SCH who received no LT4 was characterized by four enriched
metabolic functions (including Histidine metabolism) and two
depleted metabolic functions (including Arginine and Ornithine
metabolism) (Figure 5A and Supplementary Table 5). The
intestinal flora of TPOAb-positive women with SCH who
received low-dose LT4 was characterized by two enriched
metabolic functions and five depleted metabolic functions
(including Alanine, Aspartate and Glutamate metabolism)
(Figure 5B and Supplementary Table 5). The intestinal flora
of TPOAb-positive women with SCH who received high-dose
LT4 was characterized by three enriched metabolic functions and
three depleted metabolic functions (including Linoleic acid
metabolism) (Figure 5C and Supplementary Table 5).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
DISCUSSION

In this single-center prospective cohort study, we described the
composition and characterized the metabolic function of
intestinal flora from TPOAb-positive women with SCH in the
second trimester of pregnancy. To our knowledge, this is the first
study to show that women diagnosed with TPOAb-positive SCH
in the first trimester of pregnancy have distinct characteristics of
intestinal flora in the second trimester.

In previous reports, non-pregnant female subjects with SCH
were more likely to have a family history of thyroid disease than
controls (Rafiq-Uddin et al., 2020). Similarly, in this study in
pregnant females, TPOAb-positive women with SCH were more
likely to have a history of thyroid disease or higher total
A B

DC

FIGURE 2 | (A–D) The a-diversity indices (Chao1, ACE, Shannon, Simpson) analysis. A1, TPOAb-positive women with SCH and no LT4; A2, TPOAb-positive
women with SCH and low-dose LT4; A3, TPOAb-positive women with SCH and high-dose LT4; B1, TPOAb-negative women with SCH and no LT4; B2, TPOAb-
negative women with SCH and low-dose LT4; B3, TPOAb-negative women with SCH and high-dose LT4.
May 2022 | Volume 12 | Article 794170
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cholesterol in the first trimester than TPOAb-negative women
with SCH. However, total cholesterol of TPOAb-positive and
TPOAb-negative women with SCH in the first trimester were
within the normal range. Evidence suggests that dietary habits
have an effect on gut microbiota composition (Qian et al., 2018).
Thus, our study population was selected from Beijing, to
minimize the influence of varying dietary habits across regions
on intestinal flora. The baseline characteristics that may reflect
the dietary habits of the women participating in this study,
including ethnic, cultural and economic data, were not
significantly different between groups.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
The flower chart visually shows the number of common and
unique ASVs/OTUs among the six subgroups of women
included in this study. Taxonomic analysis revealed similar
phyla and genera across the subgroups. a-diversity reflects
microbial diversity in a sample; our boxplots showed no
differences in the a-diversity indices across subgroups. b-
diversity reflects the difference in taxonomic abundance
profiles in different samples; We used unweighted unifrac
algorithm and PCoA analysis to analyze b-diversity. Boxplots
showed significant differences in species diversity at the PCoA1
axis in samples from TPOAb-positive and TPOAb-negative
A B

DC

FIGURE 3 | (A) Refraction curves based on random extraction of sequencing data from fecal samples from the six subgroups. (B–D) b-diversity analysis conducted
with the unweighted unifrac algorithm. Ellipses represent 95% confidence intervals for each subgroup in Figure 3B. *P<0.05. A1, TPOAb-positive women with SCH
and no LT4; A2, TPOAb-positive women with SCH and low-dose LT4; A3, TPOAb-positive women with SCH and high-dose LT4; B1, TPOAb-negative women with
SCH and no LT4; B2, TPOAb-negative women with SCH and low-dose LT4; B3, TPOAb-negative women with SCH and high-dose LT4.
May 2022 | Volume 12 | Article 794170
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women with SCH who received high-dose LT4. Interestingly, we
found that median PCoA1 values of TPOAb-positive women
with SCH who received no LT4, low-dose LT4, or high-dose LT4

were smaller than those of TPOAb-negative women with SCH
who received no LT4, low-dose LT4, or high-dose LT4. In
previous studies, immune-mediated diseases, such as type I
diabetes (Gianchecchi and Fierabracci, 2017; Mullaney et al.,
2018) and systemic lupus erythematosus (SLE) (Corrêa et al.,
2017) were associated with a low intestinal microbial diversity
(Rooks and Garrett, 2016; Vatanen et al., 2016; Kriss et al., 2018).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Consistent with this, we demonstrated low b-diversity (PCoA1)
for TPOAb-positive women with SCH.

Harmful or beneficial bacteria may reflect the severity of
disease. Based on the results of this study, we can infer that the
abundance of the genus Subdoligranulum was associated with
promoting Histidine metabolism, and inhibiting Arginine and
Ornithine metabolism. Thus, the genus Subdoligranulum could
be harmful bacteria associated with disease progression in
TPOAb-positive women with SCH in the second trimester of
pregnancy. Conversely, some previous studies revealed that the
A B

D

E F

C

FIGURE 4 | Intestinal flora as markers in TPOAb-positive women with SCH. LEfSe analysis of differential species abundance. (A, B) TPOAb-positive vs. TPOAb-
negative women with SCH and no LT4; (C, D) TPOAb-positive vs. TPOAb-negative women with SCH and low-dose LT4; (E, F) TPOAb-positive vs. TPOAb-negative
women with SCH and high-dose LT4. LDA value distribution histogram: red bars indicate higher abundance of intestinal flora. Cladograms: circles radiating from the
inside to the outside represent taxonomic levels from phylum to species. A1, TPOAb-positive women with SCH and no LT4; A2, TPOAb-positive women with SCH
and low-dose LT4; A3, TPOAb-positive women with SCH and high-dose LT4; B1, TPOAb-negative women with SCH and no LT4; B2, TPOAb-negative women with
SCH and low-dose LT4; B3, TPOAb-negative women with SCH and high-dose LT4.
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genus Subdoligranulum had beneficial effects on obesity (Dao
et al., 2016; Louis et al., 2016); Based on the results of this study,
we can also infer that the abundance of the species
Ruminococcussp_N15_MGS_57 (associated with promoting
Alanine, Aspartate and Glutamate metabolism) and Bacteroides
massiliensis B84634_Timone84634_DSM17679_JCM13223
(associated with promoting Linoleic acid metabolism) may be
beneficial in SCH. Previous studies showed that the genus
Ruminococcus was a prevalent butyrate-producing gut microbe
(Beaud et al., 2005; Takahashi et al., 2016) that has a crucial role
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
in the prevention of metabolic diseases (Arora and Bäckhed,
2016). The species Bacteroides massiliensis belongs to the genus
Bacteroides, which is predominant in the human gut (Wexler and
Goodman, 2017). In a previous report, the species Bacteroides
massiliensis showed an inverse correlation with fecal SARS-CoV-
2 load among patients hospitalized with COVID-19 (Zuo et al.,
2020). To the authors’ knowledge, our findings are the first to
show that the species Ruminococcussp_N15_MGS_57 and
Bacteroides massiliensis B84634_Timone84634_DSM17679_
JCM13223 may have beneficial effects on SCH in the second
A

B

C

FIGURE 5 | Functional profiling performed with PICRUSt2. LEfSe analysis of differential functional abundance based on the KEGG pathway map. (A) TPOAb-positive vs.
TPOAb-negative women with SCH and no LT4; (B) TPOAb-positive vs. TPOAb-negative women with SCH and low-dose LT4; (C) TPOAb-positive vs. TPOAb-negative
women with SCH and high-dose LT4. LDA value distribution histogram: the red and green bars represented metabolic functions with higher abundance. A1, TPOAb-
positive women with SCH and no LT4; A2, TPOAb-positive women with SCH and low-dose LT4; A3, TPOAb-positive women with SCH and high-dose LT4; B1, TPOAb-
negative women with SCH and no LT4; B2, TPOAb-negative women with SCH and low-dose LT4; B3, TPOAb-negative women with SCH and high-dose LT4.
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trimester of pregnancy. Future research should explore the causal
relationship between these marker bacteria in the second
trimester and TPOAb-positivity in SCH women.

Intestinal flora plays an important role in maintaining the
metabolic and immunological balance of the host (Liang et al.,
2018). Previous studies have confirmed that there may be a
reciprocal interaction between gut microbiota and thyroid
disorders (Zhou et al., 2014; Shen et al., 2019; Knezevic et al.,
2020; Shin et al., 2020; Su et al., 2020). The mechanisms of intestinal
flora in pregnant TPOAb-positive women with SCH remain to be
elucidated. Consistent with previous studies that support a role for
the molecular mechanisms of intestinal flora in the development of
autoimmune diseases (Figura et al., 2019), we identified 19metabolic
functions that discriminate TPOAb-positive and TPOAb-negative
women with SCH. The different metabolic functions were mainly
involved in lipid and amino acid metabolism.

In conclusion, this single-center prospective cohort study
described differences in the composition and metabolic
function of intestinal flora between TPOAb-positive and
TPOAb-negative women with SCH treated with different doses
of LT4 in the second trimester of pregnancy. Our data implied
that in the second trimester of pregnancy, TPOAb-positive
women with SCH possessed a gut microbiome abundant in
harmful bacteria (genus Subdoligranulum) that regulated
amino acid (Histidine, Arginine and Ornithine) metabolism
but depleted in two species of beneficial bacteria (species
Ruminococcussp_N15_MGS_57 and Bacteroides massiliensis
B84634_Timone84634_DSM17679_JCM13223) that promoted
amino acid (Alanine, Aspartate and Glutamate) and lipid
(Linoleic acid) metabolism, respectively. Although the dietary
habits of the pregnant women were not recorded, and their
contribution to the gut microbiota of our study population could
not be determined, findings provide insights into intestinal flora
as novel targets for the treatment of TPOAb-positive women
with SCH during pregnancy. Large scale multicenter prospective
cohort studies that include dynamic metagenomics and
metabolomics analyses are required to verify our findings.
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