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Comparative analysis of the gut
microbiota composition and
diversity in Erinaceus amurensis
from the Wandashan Mountain
range area based on
metagenomics

Xiugi Jia, Qiang Li, Xinyu Yang, Dianwei Li and Zhimin Jin*

College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang, China

This study aimed to preliminarily explore the composition and diversity of
intestinal bacteria in Erinaceus amurensis during breeding period, aiding in the
field rescue and population conservation efforts of Erinaceus amurensis. This also
provides foundational data for further research on the prevention and screening
of Emerging Zoonotic Infectious Diseases and the experimental animalization of
wild Erinaceus amurensis. Between April and July 2023, we collected 13 fresh
fecal samples from Erinaceus amurensis at the Sishan Forest Farm in Jidong
County, Heilongjiang Province, situated within the Wandashan Mountain range.
Utilizing metagenomic sequencing technology, we conducted a comparative
analysis of the gut microbiota composition and diversity in wild Erinaceus
amurensis across different genders and between adult and fetal individuals within
the same habitat. Our results revealed significant differences (P < 0.01) in the
classification and diversity of gut microbiota between genders and between
adult and fetal Erinaceus amurensis. Specifically, the dominant bacterial groups
in the gut of Erinaceus amurensis were Pseudomonas, Proteobacteria, and
Enterobacteriaceae. In male and female Erinaceus amurensis, the dominant
bacterial groups were Pseudomonas, Bacteroides, and Firmicutes, with variations
in bacterial abundance and diversity. While male and female Erinaceus amurensis
exhibited similar microbial compositions, they displayed significant differences
in specific bacterial classifications. The dominant bacterial group in fetal
Erinaceus amurensis was Proteobacteria, which demonstrated lower diversity
and abundance compared to the adult group. Furthermore, the types and
abundance of pathogenic or opportunistic pathogens in the gut of fetal
Erinaceus amurensis and male Erinaceus amurensis were higher than those
in female Erinaceus amurensis. The analysis of experimental results indicates
that Erinaceus amurensis in this region either have or are at risk of developing
inflammation related to the intestinal and urinary tracts, as well as skin-
related issues. Consequently, it is advised that forestry and wildlife conservation
personnel in this area prioritize treatment against these specific pathogens when
conducting rescue operations for Erinaceus amurensis in the wild.
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1 Introduction

The gut microbiota, a vast community of microbes within the
animal body, plays an essential role in various aspects of the host’s
physiological activities and behaviors (Schretter, 2020; Greenhill,
2017). Microbial community aids the host animal in adapting
to climate and environmental changes, as well as pathogens in
nature, by influencing functions such as digestion, absorption, and
excretion (Yeoman et al., 2011; Zhu et al., 2011), metabolism (Eckel,
2021), immunity (Yoo et al., 2020), nutrition, and development (Fu
et al., 2024). Concurrently, the health status of the organism and
various environmental factors can significantly influence the gut
microbiota of the host animal. This, in turn, can have a profound
impact on the related behaviors exhibited by the animal (Sepulveda
and Moeller, 2020). Over the course of biological evolution, the
gut microbiota has gradually formed an integrated whole through
mutual symbiosis and interaction.

Erinaceus amurensis, an Insectivora of the Erinaceidae family
and Erinaceus genus (Bai et al., 2022), is extensively distributed
across various provinces and regions in China. Its habitat
primarily encompasses forests, shrublands, grasslands, farmlands,
and orchards. The nocturnal species burrows in shrubs, tree
roots, and crevices. Its diet comprises insects, rodents, birds, small
animals, as well as fruits and legumes. It hibernates and is one of
the three protected species in China (Cassola, 2016; Seker, 2024).
The Erinaceus amurensis possesses several advantages including its
wide distribution in the wild, moderate size, ease of capture, high
offspring rate, docile temperament, and low aggressiveness, making
it a potential experimental animal. However, its valuable fur for
traditional Chinese medicine research has led to extensive hunting
in the wild. Coupled with its limited ability to defend against natural
enemies, its population in the wild is declining annually.

As sequencing technology continues to evolve, numerous
studies have been conducted on the gut microbial communities of
humans, economic animals, and wild animals (Belda et al., 2022;
Levin et al, 2021; Liu et al., 2024; Li et al., 2024). Nevertheless,
research on Erinaceus amurensis has been primarily limited to basic
physiology, biochemistry, plumpness, hypoxia tolerance, karyotype
analysis, and molecular epidemiological surveys (Lanave et al,
2023; Zhang et al., 2021; Yang et al, 1991). To date, there have
been no reports on the gut microbiota of Erinaceus amurensis in
their natural habitat. In this study, we employed metagenomic
sequencing technology to compare and analyze the composition
and diversity of gut microbiota between different genders and
between fetuses and adults in the Wandashan Mountain range.
Our aim is to provide a theoretical foundation for the protection
of wild Erinaceus amurensis populations and related experimental
animal research. Additionally, our findings may aid in the early
detection of new zoonotic infectious diseases. This research will
contribute fundamental scientific data to the fields of microbiology,
ecology, and veterinary medicine, thereby advancing public health
initiatives. Humans have a long-standing history of utilizing
wildlife, which has significantly evolved over thousands of years.
A substantial portion of this utilization involves the application of
“animal medicine.” The skin of the spiny Erinaceus amurensis, a
valuable traditional Chinese medicinal material, holds significant
research potential in the field of traditional Chinese medicine.
Studying the distribution and diversity of gut microbiota in
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Erinaceus amurensis can provide fundamental scientific data for
related research on their domestication. For example, the types
and distribution of gut microbiota can inform the development of
specific feed for Erinaceus amurensis and facilitate research into
targeted vaccines related to the health relationship between gut
microbes and their hosts.

2 Materials and methods

2.1 Study area and sampling

Based on the nocturnal activity patterns of the Erinaceus
amurensis, a cage trapping method was designed and used from
April to July 2023 in Sishan Forest Farm (131°54 47 E—131°8'18",
44°58'53" —44°51'12"N) in Jidong County, Heilongjiang Province.
Total of 13 Erinaceus amurensis were captured, including five
females, five males, and three fetuses. The samples were divided
into female (FM), male (M), and fetus (FE) groups. Fresh
and complete mid-section fecal samples were collected using
noninvasive sampling methods (Fasoli et al., 2021), placed in sterile
plastic bags for classification and labeling, and transported to the
laboratory on dry ice. After labeling, they were stored in an ultra-
low temperature freezer at —80°C temporarily.

2.2 DNA extraction, library construction,
and metagenomic sequencing

Total genomic DNA was extracted from fecal samplessamples
using the Mag-Bind® Soil DNA Kit (Omega Bio-tek, Norcross,
GA, U.S.) according to manufacturer’s instructions. Concentration
and purity of extracted DNA was determined with TBS-380 and
NanoDrop2000, respectively. DNA extract quality was checked on
1% agarose gel.

DNA extract was fragmented to an average size of about 400 bp
using Covaris M220 (Gene Company Limited, China) for paired-
end library construction. Paired-end library was constructed using
NEXTFLEX Rapid DNA-Seq (Bioo Scientific, Austin, TX, USA).
Adapters containing the full complement of sequencing primer
hybridization sites were ligated to the blunt-end of fragments.
Paired-end sequencing was performed on Illumina NovaSeq
(Ilumina Inc., San Diego, CA, USA) at Majorbio Bio-Pharm
Technology Co., Ltd. (Shanghai, China) using NovaSeq 6000 S4
Reagent Kit v1.5 (300 cycles) according to the manufacturer’s
instructions (www.illumina.com).

2.3 Sequencing data

Raw data have been submitted to NCBI (accession

number: SUB14652556).

2.4 Sequence quality control and genome
assembly

The data were analyzed on the free online platform of Majorbio
Cloud Platform (www.majorbio.com). Briefly, the paired-end
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Mlumina reads were trimmed of adaptors, and low-quality reads
(length <50 bp or with a quality value <20 or having N bases)
were removed by fastp (Chen et al, 2018) (https://github.com/
OpenGene/fastp, version 0.20.0).

Reads were aligned to the Erinaceus amurensis Mitochondrial
genome by BWA (Li and Durbin, 2009) (http://bio-bwa.
sourceforge.net, version 0.7.9a) and any hit associated with the
reads and their mated reads were removed.

Metagenomics data were assembled using MEGAHIT (Li et al.,
2015) (https://github.com/vouten/megahit, version 1.1.2), which
makes use of succinct de Bruijn graphs. Contigs with a length >300
bp were selected as the final assembling result, and then the contigs
were used for further gene prediction and annotation.

2.5 Constructing non-redundant gene set

A non-redundant gene catalog was constructed using CD-HIT
(Fu et al.,, 2012) (http://www.bioinformatics.org/cd-hit/, version
4.6.1) with 90% sequence identity and 90% coverage. High-quality
reads were aligned to the non-redundant gene catalogs to calculate
gene abundance with 95% identity using SOAPaligner (Li et al.,
2008) (http://soap.genomics.org.cn/, version 2.21).

2.6 Species and functional annotation

The amino acid sequences from the non-redundant gene set
were aligned with the NR database utilizing Diamond (Buchfink
et al., 2015) (http://diamondsearch.org/forums/index.php, version
0.8.35) (with BLASTP alignment parameter settings and an
expected value e-value of le-5). Subsequently, species annotations
were procured from the corresponding taxonomy information
database within the NR library. The abundance of each species was
then determined by summing the gene abundances associated with
that particular species.

2.7 Complexity analysis

An analysis of Alpha Diversity was performed on three
distinct sample sets to compare the diversity differences in the
gut microbiota of male and female Erinaceus amurensis, as well
as fetuses Erinaceus amurensis. An analysis of Alpha Diversity
was performed on three distinct sample sets to compare the
diversity differences in the gut microbiota of male and female
Erinaceus amurensis, as well as fetuses Erinaceus amurensis.
The ACE and Chaol indices serve as indicators of microbial
community richness, while the Simpson and Shannon indices
reflect community diversity. A larger Chaol index and ACE
index suggest a greater total number of species, with higher
community diversity indicated by a larger Shannon index and a
smaller Simpson index (Eckburg et al., 2005). A one-way analysis
of variance (ANOVA) and Tukey’s test were conducted on the
Alpha diversity indices of the three sample sets to compare
intergroup correlations and differences, with P < 0.05 considered
statistically significant and P < 0.01 extremely significant.
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Non-metric multidimensional scaling (NMDS) and analysis of
similarities (ANOSIM) were employed to analyze the composition
of the microbial communities. NMDS can illustrate the degree
of difference between different samples through the distance
between points, with closer distances indicating more similar
species compositions. A stress value <0.2 indicates that there are
differences between samples (Kilroy et al.,, 2020). ANOSIM can
test for both intergroup and intragroup differences, with R values
ranging from —1 to 1. An R value >0 indicates that intergroup
differences are greater than intragroup differences; otherwise,
intergroup differences are less than intragroup differences. A P-
value <0.05 indicates statistical significance (Clarke et al., 2016).

2.8 Bacterial community typing analysis

The R language’s ade4 package, cluster package, and clustersim
package are utilized to compute the Jensen-Shannon Distance
and PAM (Partitioning Around Medoids) for clustering based on
the relative abundance of microbial communities at the selected
taxonomic level. The optimal clustering K value is ascertained
by the Calinski-Harabasz (CH) index, which is subsequently
visualized using Between-class analysis (BCA, K > 3) or principal
coordinates analysis (PCoA, K > 2) (Noval Rivas et al., 2013).
This methodology is employed to statistically analyze the typing of
dominant microbial community structures in various samples.

3 Results and analysis

3.1 Comparative analysis of gut
microbiome composition and species
abundance in Erinaceus amurensis from
Wandashan Mountain range area

The 13 fecal samples collected from the Erinaceus amurensis
were categorized at the domain level. Of these, bacteria constituted
the most significant proportion, with a relative kurtosis of 97.80%.
This was followed by viruses, which accounted for a mere 2.19%
of the total. The least abundant group was archaea, with a relative
abundance of just 0.01% (Figure 1).

At the phylum classification level, a total of 79 gut microbiota
were identifled in the Erinaceus amurensis from Wandashan
Mountain range area. These included five groups with an
abundance exceeding 1%, namely Pseudomonadota (46.43%),
Bacillota (37.25%), Bacteroidota (12.2%), Uroviricota (2.49%), and
Unclassified-Bacteria (1.12%). In the FM group, seven groups
had an abundance exceeding 1%, including Pseudomonadota
(46.73%), Bacteroidota (39.1%), Bacillota (8.03%), Unclassified-
Bacteria (1.26%), Fusobacteriota (1.25%), Uroviricota (1.23%), and
Unclassified Viruses (1.04%). The FE group contained nine groups
with an abundance exceeding 1%, specifically Pseudomonadota
(46.39%), Bacillota (25.84%), Campylobacterota (12.58%),
Spirochaetota (4.95%), Artverviricota (2.07%), Actinomycetota
(1.98%), Fusobacteriota (1.72%), Chlamydiota (1.23%), and
Bacteroidota (1.22%).

The Pseudomonadota phylum was the most dominant
in three distinct groups. The abundance of Bacillota was
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FIGURE 1

Gut microbial composition of the Erinaceus amurensis in Wandashan mountains. The left side is the Domain level, the middle is the Phylum level, the
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Thermodesu D%J& 0

undassc{neoyb

Community analysis pieplot on Phylum level : FM

; 0%

G%;gmanmo
t%ar

hada:

Pseudomonadota: 46.73%
G

°.°.°°o

1,04
undassnfgg t}aé‘wn& 2

cleria: 1.
Bacierodota:

:FE

Pseudomonadota: 46.39%

significantly higher in both the M and FE groups compared
to the FM group. Among the three groups, the FE group
exhibited the lowest abundance of Bacteroidota, constituting only
1.22% (Figure 2).

At the genus level, a total of 1,416 microorganisms
were identified across three groups. In group M, 15 genera
had an abundance exceeding 1%, including Unclassified-f-
Enterobacteriaceae  (15.11%), Others (12.04%), Bacteroides
(11.12%),  Escherichia  (9.22%),  Staphylococcus  (7.55%),
Enterococcus (7.28%), Vagococcus (7%), Clostridium (6.83%),
Citrobacter (5.74%), Klebsiella (4.15%), Morganella (3.13%),
Unclassified-c-GammaProteobacteria (2.6%), Romboutsia
(2.4%), Psychrobacter (1.16%), Unclassified-c-Caudoviricetes
(1.15%), and Unclassified-c-Bacteria (1.12%). In group FM, 11
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genera had an abundance greater than 1%, namely Bacteroides
(37.31%), Unclassified-f-Enterobacteriaceae (24.65%), Escherichia
(12.51%), Others (10.28%), Unclassified-c-GammaProteobacteria
(2%), Enterococcus (1.85%), Unclassified-c-Bacteria (1.26%),
Fusobacterium (1.24%), Citrobacter (1.22%), Unclassified-o-
GammaProteobacteria (1.12%), and Unclassified-c-Caudoviricetes
(1.1%). In group FE, 10 genera had an abundance exceeding
1%, specifically Others (53.37%), Campylobacter (12.26%),
Staphylococcus (9.06%), Klebsiella (5.19%), Salmonella (5.13%),
Escherichia (4.9%), Unclassified-f-Enterobacteriaceae (2.66%),
Fusobacterium (1.72%), Psychrobacter (1.63%), and Morganella
(1.3%). The genus Bacteroides was the most abundant in both
group M and FM, but its relative abundance in group FE was only
0.7% (Figure 3).
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FIGURE 3

Relative abundance of samples at the genus level of gut microbes in each group. FM, female; M, male; FE, fetus.

The NR species annotation map reveals that Group M
encompasses 637 unique bacterial communities, while Groups
FM and FE contain 91 and 21 unique bacterial communities
respectively. Furthermore, there are 525
communities between Groups FM and M, 31 between Groups
M and FE, and a substantial 230 between Groups FM and FE. In
total, the three groups share 987 common bacterial communities
(Figure 4).

shared bacterial

3.2 Comparative analysis of intestinal
microbiota diversity in Erinaceus amurensis
from Wandashan Mountain range area

The complexity analysis, specifically Alpha Diversity, revealed
significant differences in the abundance (Chaol and Ace) and
evenness (Simpson and Shannon) of gut microbiota at the genus
level among three groups (P < 0.01). The Chaol and Ace values
were higher in males (M group) compared to females (FM group)
and fetuses (FE group), with the lowest values observed in the fetal
(FE) group. This suggests that the gut microbiota abundance was
least in the fetal (FE) group. The Simpson index and Shannon index
analyses yielded consistent results: the evenness of gut microbial
communities was higher in fetuses (FE group) than in males (M
group), while it was lowest in females (FM group; Figure 5).

The NMDS results reveal a stress value of 0.087, which is
<0.2, suggesting that the experimental findings possess explanatory
significance. With the exception of the FE group, both other sample
groups exhibit a relatively discrete mixed state. This implies that the
gut microbiota structure between the male and female groups in the
Wandashan Mountain range area are analogous, albeit with some
variation from the fetal Erinaceus amurensis. This finding aligns
with the ANOSIM analysis results, R = 0.532 > 0 ~ 1, P = 0.004
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< 0.05, indicating that there are disparities in the gut microbiota
structure among the three groups. Furthermore, the intergroup
differences surpass the intragroup differences (Figure 6).

3.3 Differences in dominant gut microbiota
groups between different gender and
adult-fetus pairs of the Erinaceus amurensis
in the Wandashan Mountain range area

The phylogenetic analysis reveals that the gut microbiota
samples from the three groups of Erinaceus amurensis exhibit
distinct dominant bacterial community structures. Specifically,
Group M demonstrates a more abundant dominant phylum,
followed by Group FM, while Group FE presents the most
sole dominant phylum. At the phylum level, Pseudomonadota
dominates in Group FE, followed by both Pseudomonadota and
Bacteroidota in Group FM, and Pseudomonadota, Bacillota, and
Bacteroidota in Group M. At the class level, Gammaproteobacteria
is the dominant class in Group FE.

In the FM group, the predominant bacterial classes are
Gammaproteobacteria and Bacteroidia. Conversely, in the M
group, the dominant bacterial phyla include Gammaproteobacteria,
Bacteroidia, and Bacilli. At the order level, Enterobacterales are the
most prevalent in the FE group, followed by Enterobacterales and
Bacteroidales in the FM group, and Enterobacterales, Bacteroidales,
and Bacillales in the M group. The dominant bacterial families
at this level are Enterobacteriaceae in the FE group, followed
by Enterobacteriaceae and Bacteroidaceae in the FM group, and
Enterobacteriaceae, Bacteroidaceae, and Staphylococcaceae in the M
group. At the genus level, unclassified f Enterobacteriaceae
is the the followed by
unclassified_f Enterobacteriaceae and Bacteroidaceae in the

most prevalent in FE group,
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FM

FE

FIGURE 4
Annotation Map of NR species across three taxonomic levels. FM,
female; M, male; FE, fetus.

FM group, and unclassified_f__Enterobacteriaceae, Bacteroidaceae,
Vagococcus, Enterococcus, and Staphylococcus in the M group.
Finally, at the species level, Enterobacteriaceae is the most
prevalent in the FE group, followed by Enterobacteriaceae and
Bacteroides_fragilis in the FM group, and Enterobacteriaceae,
Bacteroides, Citrobacter, and Staphylococcus in the M group
(Figure 7).

4 Discussion

4.1 Composition of the gut microbiota in
Erinaceus amurensis

The Erinaceus amurensis is the most widely distributed
subspecies of the Erinaceus genus in the wild habitats within
China, has garnered scientific interest due to its potential as
an experimental animal and the unique value of its fur for
traditional Chinese medicine research. The gut microbiota, a
complex ecological community that establishes a dynamic balance
within the animal’s gut, plays a crucial role in maintaining the
homeostasis of the gut microbiota and the health of the host animal.
An imbalance in the gut microbiota can directly or indirectly
impact the health level of the host animal, potentially posing
a threat to its survival (Glenny et al,, 2017). In this study, we
conducted metagenomic sequencing on fecal samples from 13
Erinaceus amurensis in the Wandashan Foothills area. Our aim was
to understand the composition, abundance, and structure of the gut
microbiota among different genders, adults, and fetuses. This data
will provide foundational information for further research on the
protection of wild Erinaceus amurensis populations and their use
as experimental animals. This, in turn, will promote advancements
in comparative medicine and experimental animal studies.
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In phylum-level classification, the Pseudomonadota phylum is
the most prevalent in three distinct sample groups. Pseudomonas,
a type of Gram-negative rod-shaped bacteria, is ubiquitously
found in various environments including soil, plant surfaces, and
within organisms. This bacterium exhibits potent antibacterial
activity on plant surfaces and is frequently employed to enhance
crop growth. Furthermore, it demonstrates significant antibiotic
resistance within organisms. In a 2019 report on the dangers of
antibiotic resistance, the U.S. CDC highlighted that Pseudomonas
exhibits near-complete resistance to all antibiotics, inclusive of
carbapenems (CDC, 2019). This aligns with the geographical
environment of the experimental animal’s acquisition site, which
is situated at the intersection of forest and farmland in a
major agricultural county. In recent years, the frequent use of
antibiotics at concentrations significantly exceeding therapeutic
doses in agricultural production to enhance crop growth has
resulted in widespread antibiotic residues within this region’s food
chain. Consequently, there has been a significant increase in the
number of antibiotic-resistant bacteria within the gut microbiota
of wild animals.

The content of Pseudomonas in the three groups of Erinaceus
amurensis samples is roughly the same, with the FE group being
newborns that have not yet been breastfed and have not engaged in
other predatory activities. Studies have found that fetuses begin to
come into contact with and acquire microbes in the mother’s womb,
and factors affecting the establishment and dynamic changes of gut
flora in juvenile individuals from birth to weaning include modes
of delivery, Maternal and paternal transmission, food composition,
and use of antibiotics (Dubois et al., 2024; Wu et al., 2024; Laborda
etal, 2022; Aagaard et al., 2014). Based on these research findings,
there are several possibilities: Horizontal transmission: The fetus
may acquire resistance genes by coming into contact with bacteria
on the mother’s skin or in the surrounding environment, or it may
be infected during the birth process through the mother’s birth
canal; Vertical inheritance/mother-infant transmission: Resistance
genes may be passed from the mother to the fetus. During
pregnancy, the mother’s resistance genes can be transferred to the
fetus through the uterus, and bacteria can be transmitted between
the mother and fetus through blood circulation; Transmission of
commensal bacteria: the mother’s commensal bacteria may rapidly
colonize after the fetus is born through methods such as licking
the fetus’s mouth and nose. These commensal bacteria may carry
resistance genes and spread between mother and infant through
contact. Which specific mode of transmission and mechanism of
transmission needs further study.

The Bacillota and Bacteroidota are the predominant bacterial
groups in the Erinaceus amurensis, mirroring the dominant
bacterial groups in the gut microbiota of typical ungulates, rodents,
and primates (Scott et al, 2013; Delgado et al, 2017; Costa
et al, 2012; Menke et al, 2014; Haigh et al, 2014). Despite
being a small mammal from the Insectivora order, research has
shown that the Erinaceus amurensis also exhibits an omnivorous
diet (Waite and Taylor, 2014). The Bacillota possesses robust
degradation capabilities, aiding the host in breaking down food
fibers to facilitate polysaccharide degradation, thereby enhancing
energy acquisition from food (Gharechahi et al, 2023). The
Bacteroidota plays a role in degrading carbohydrates and proteins,
thus aiding the host in improving nutritional efficiency and
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Differences in gut microbiota structure of Erinaceus amurensis based on NMDS (Non-metric multidimensional scaling) analysis and ANOSIM
(Analysis of similarities) analysis. FM, female; M, male; FE, fetus.

promoting digestion and absorption of food (Shin et al., 2024).
The comparable abundance of Bacillota and Bacteroidota between
group M and group FM suggests that the gut microbiota of
male and female individuals share similar functions in fiber,
carbohydrate, and protein degradation. However, the lower
abundance of Bacteroidota in group FE compared to adult groups
M and FM indicates that the fetus’s capacity for carbohydrate and
protein degradation is less than that of adults.

At the genus level, Escherichia, a typical mammalian
microbiota, can colonize the intestine and inhibit the colonization
of potential pathogenic microorganisms. However, certain strains
may acquire pathogenic genes during evolution, resulting in
diseases such as urethritis, cystitis, diarrhea, and urinary tract
infections in both humans and animals (Nasrollahian et al,
2024; Abad-Fau et al, 2024). The gut enrichment level of
Escherichia coli is notably higher in the FM group compared
to the M group, whereas the FE group exhibits the lowest level
of enrichment. The genus Salmonella is responsible for causing
salmonellosis, a prevalent foodborne zoonotic disease that
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presents a significant global public health challenge. Infection
symptoms encompass nausea, vomiting, acute enterocolitis with
accompanying abdominal pain, and diarrhea, which may or may
not be bloody (Trees et al., 2024; Anderson et al., 2017). This
disease can proliferate in the intestinal tracts of animals through
various vectors, including the consumption of contaminated
food, infection due to compromised immunity in animals, or
transmission via environmental mediums such as soil or water
sources. The intestinal enrichment levels of Salmonella in the FE
group exceed those in the M group, while the FM group exhibits
the least enrichment. The Staphlococcus is widely recognized as
an animal pathogen, having been isolated from pets, livestock
animals, and wildlife. It frequently acts as an opportunistic
pathogen in several serious infectious diseases such as sinusitis,
endocarditis, peritonitis, septic shock, urinary tract infections, and
wound infections. Typically, it is more susceptible to newborns or
populations with relatively low immunity due to severe underlying
diseases (Hay and Sherris, 2020; Ortega-Pena et al., 2019). The
results of this experiment confirmed that the abundance of
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Staphylococcus in the fetal FE group was higher than that in the
adult M and FM groups.

Furthermore, Klebsiella, Morganella, and Psychrobacter exhibit
specific pathogenicity that can induce symptoms such as wound
infection in the host, Pneumonia, diarrhea, and urinary tract
infections. The bacterial communities identified in these samples
were enriched across all three experimental groups, indicating
a potential correlation with intestinal diseases and urinary tract
infections among the Erinaceus amurensis of the Wandashan
Mountain range area. Notably, the FM group exhibited the least
degree of pathogen enrichment compared to the other two groups.
This could be attributed to the timing of sampling, which coincided
with the gestation or parturition period for female Erinaceus
amurensis. The primary methods of Morganella enrichment in
the animal intestine are fecal-oral transmission, sexual contact,
and vertical transmission from mother to offspring. Research
indicates that mammals establish their intestinal flora by ingesting
the mother’s feces immediately after birth. If the mother is
infected with Morganella, it can result in an infection within
the uterine cavity, thereby transmitting the bacteria to the fetus.
Furthermore, during mating, if one partner is infected with this
bacterium, it can be transmitted through the mucous membranes
of the genitals. Klebsiella, on the other hand, spreads in the
animal intestine through airborne contact or aerosols, consistent
with the development of non-ferrous metals minerals in the
sample collection area. These bacteria are enriched in all three
experimental groups. These findings suggest that hedgehogs in the
northeastern region of the Wanda Mountains may be susceptible to
related intestinal diseases, pneumonia, and urinary tract infections.
The bacterial communities were found to be enriched in all
three experimental groups. This finding further implies a potential
correlation between intestinal diseases, pneumonia, and urinary
tract infections in the Northeast hedgehogs from the Wandashan
area. Notably, the pathogenic bacteria in female FM exhibited
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the lowest enrichment levels among the three groups. This could
potentially be attributed to the sampling time coinciding with the
pregnancy or birthing period of the female Erinaceus amurensis.
Previous research has demonstrated that antibacterial and anti-
inflammatory substances are produced in the intestines during
pregnancy, serving to enhance the survival capabilities of female
animals in their natural habitat (Santos et al., 2020).

The Caudoviricetes plays a crucial role in maintaining the
homeostasis of the gut microbiota in mammals. Bacteriophages,
which attack host bacteria, can limit bacterial behavior and
pathogenicity, thereby contributing to the construction of a healthy
microbial structure for the host (Norman et al., 2015; Manrique
et al, 2016). In the three groups studied, the abundance of
Caudoviricetes was higher in the adult M group and FM group
than in the fetal FE group. This suggests that the gut microbiota
repair and homeostasis maintenance capabilities are stronger in
adult Erinaceus amurensis than in fetal ones.

4.2 Diversity differences in the gut
microbiota of Erinaceus amurensis

Through Alpha diversity analysis of the gut microbiota in three
groups of samples, and based on NMDS and ANOSIM analyses, it
was found that there are certain differences in the diversity of gut
microbiota among the three groups: Among them, the microbial
diversity in group M is higher than that in group FM, and the lowest
is in group FE; Differences in gut microbiota structure among three
groups: significant differences between adults and fetuses. Jiang
et al. (2022) research suggests that the diversity and richness of the
microbiota in male Moschus berezovskii exceed those in females.
This contradicts the previously held belief that “the richness and
diversity of gut microbiota are typically greater in females than
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in males,” Naturally, variations in background factors also play a
role, including age, dietary habits, seasonal factors, geographical
location, and health status (Fang et al., 2024; Jiang et al., 2020).
Hong Yang’s study on the gender-based diversity of gut microbiota
in Ailuropoda melanoleuca revealed a correlation between age and
the observed differences. Specifically, the gut microbial community
diversity in subadult and adult female Ailuropoda melanoleuca
exceeds that of their male counterparts. Conversely, elderly female
Ailuropoda melanoleuca exhibit lower gut microbial community
diversity compared to males (Benler et al., 2021).

From April to July, during the transition from spring to
summer, the dietary options for the Erinaceus amurensis diversify
due to seasonal variations. This observed phenomenon in our
study may be attributed to the fact that the sampling period
aligns with the female breeding and lactation season. During this
time, female animals tend to limit their hunting range to care for
and safeguard their offspring. This behavior results in temporary
alterations in their prey selection and feeding habits, which in turn
could influence the diversity of their gut microbiota. Conversely,
male Erinaceus amurensis strive to maximize their territory during
this season, engaging in frequent hunts to accumulate energy
and ensure species survival. Consequently, their activity radius is
broader than that of the females, leading to a more varied diet and,
subsequently, a greater diversity in their gut microbiota compared
to their female counterparts.

The FE group exhibited the least diversity in gut microbiota
among the three groups. This could potentially be attributed to
mammals briefly existing in a sterile environment immediately
post-birth, or due to a lower bacterial count. However, as
bacteria begin to colonize and establish themselves within the
gastrointestinal tract, a gut microbiota can develop over ~12
months. Consequently, under favorable conditions, various types
of exogenous microorganisms penetrate the gut and colonize,
thereby enhancing the diversity of the gut microbiota. Over
time, dominant bacterial populations become more pronounced,
eventually stabilizing within the gut, Studies have demonstrated
that a decrease in both systemic diversity and abundance of animal
gut microbiota correlates with diminished resistance and structural
stability within the organism (Yan et al., 2021; Schnupf et al,
2018). This aligns with the findings of previous research, which
identified a diverse array of pathogenic bacteria within the gut
microbiota of the FE group. Furthermore, these bacteria were found
in greater abundance than those in both the M and FM groups,
as the fetus develops, beneficial bacteria progressively colonize the
intestinal tract, possessing the capacity to eradicate or suppress
pathogenic bacteria.

4.3 Differences in dominant gut bacterial
communities of Erinaceus amurensis

The microbial community typing analysis was conducted to
ascertain the dominant bacterial community structure in three
distinct sample groups. Gammaproteobacteria can assist the host
in utilizing carbon sources from food and store energy from
food for the host. Enterobacterales, as a genus under the class
Proteobacteria, also has functions such as synthesizing vitamins,
promoting gastrointestinal motility, accelerating digestion and
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absorption in the intestine, and controlling metabolism (Lu et al.,
2012), both and were widely present in the three groups of samples,
the Erinaceus amurensis exhibits a hibernating behavior, with
the hibernation period spanning from October to March of the
subsequent year, totaling 6 months. The gut of this species harbors
two distinct bacterial communities that play crucial roles in energy
storage and metabolic regulation, thereby facilitating its successful
survival during hibernation. The Bacillota can provide energy
supply for the host (Furet et al., 2009). Enterococcus, which serve
as intestinal symbiotic bacteria, are capable of producing organic
acids and bacteriocins, among other antimicrobial substances.
These substances inhibit the reproduction of pathogenic bacteria
and contribute to the host animal’s immune regulation, thereby
enhancing the body’s immunity (Krawczyk et al., 2021). Within
Group M, Bacillota and Enterococcus are the predominant bacterial
groups. This dominance could be attributed to the timing of
the sampling, which coincided with the mating and breeding
season for the Erinaceus amurensis. Male Erinaceus amurensis
exhibit territorial behavior and must accumulate more energy and
maintain superior physical fitness to compete with other males
within their domain. They strive to maximize their territory size to
secure additional mating opportunities or to mate more frequently
for reproductive purposes. These physiological activities necessitate
a substantial energy reserve and robust physical fitness. Bacteria
within the Bacteroidota have the capacity to produce an increased
amount of propionate, which in turn stimulates gluconeogenesis.
This biochemical process in the liver enables the host animal to
experience a sense of satiety (Morrison and Preston, 2016). In
the three sample groups, Bacteroidota was the dominant bacterial
group in both Group M and Group FM, while Group FE showed no
distribution. This may be attributed to the fact that juvenile animals
are breastfeeding by their mothers for a period post-birth, thereby
providing a consistent food source and essentially maintaining
a “full” state. Conversely, adult individuals encounter various
survival pressures in nature, and instability in food sources can
sometimes result in feelings of hunger. The Bacteroidota aids adult
Erinaceus amurensis in resisting hunger in the short term prior
to obtaining food, thereby enhancing their survival capabilities
in nature. Citrobacter, a common inhabitant of the animal gut
(Brenner et al., 1999), is ubiquitously distributed in soil, water,
air, and food. It also serves as a prevalent pathogenic bacterium
exhibiting robust drug resistance, capable of impacting both human
and animal health. Infections induced by Citrobacter can result in a
range of diseases, including skin and soft tissue infections, urinary
tract infections, pneumonia, and sepsis in animals. Following
infection, animals frequently suffer from respiratory distress or
sepsis, which can be fatal in extreme cases (Xiao et al, 2021;
Fonton et al., 2024; Gill and Schutze, 1999). Citrobacter was the
predominant bacterial genus in group M, but not in the other two
groups. This suggests that male Erinaceus amurensis in this region
may be afflicted with associated diseases, necessitating measures for
their wild rescue and protection.

5 Conclusion

This study undertook an initial examination and investigation
of the composition and diversity of the intestinal microbiota

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1479352
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Jia et al.

of the Erinaceus amurensis in the Wandashan area from April
to July, utilizing metagenomic sequencing technology. The
findings indicate distinct differences in the intestinal microbiota
of the Erinaceus amurensis across genders, adults, and fetuses.
Specifically, the predominant bacterial communities within
the intestines of the Erinaceus amurensis primarily consist of
Pseudomonas, Proteobacteria, and Enterobacteriaceae. At the
phylum level, male Erinaceus amurensis exhibit one additional
dominant intestinal bacterial group compared to their female
counterparts, and two more than those found in fetal dominant
bacterial groups. The predominant bacterial groups identified
in both male and female Erinaceus amurensis are Pseudomonas,
Bacteroides, and Firmicutes. Notably, there are significant
differences in microbial abundance and diversity, with males
demonstrating greater quantities than females. While the overall
composition of microbes remains similar, distinct variations
The
dominant bacterial community in fetal Erinaceus amurensis

are observed within different bacterial classifications.

is Gammaproteobacteria, which displays reduced diversity
and abundance compared to the adult cohort. Furthermore,
the types and prevalence of pathogenic or opportunistic
pathogens in the gut of fetal Erinaceus amurensis and males
surpass those found in females. Consequently, it is advised
that forestry and wildlife conservation professionals in this
region prioritize the prevention and treatment of inflammation
associated with the gut, urethra, and skin during the rescue of
wild Erinaceus amurensis. This research serves as a foundation
for future studies on the determinants influencing the gut
microbiota of the Erinaceus amurensis, including the diversity
and classification of microbiota across various intestinal
segments. Furthermore, it delves into the functionalities of
the gut microbiota, antibiotic resistance genes, and the presence
of intestinal microplastics. Such insights are pivotal for the
conservation and rehabilitation of the wild Erinaceus amurensis
population and offer valuable contributions to experimental animal

physicochemical investigations.

Data availability statement

The data presented in the study are deposited in the NCBI
repository, accession number PRJNA1146738.

References

Aagaard, K., Ma, J., Antony, K. M., Ganu, R., Petrosino, J., Versalovic, J., et al.
(2014). The placenta harbors a unique microbiome. Sci. Transl. Med. 6:237ra.65.
doi: 10.1126/scitranslmed.3008599

Abad-Fau, A., Sevilla, E., Oro, A., Martin-Burriel, I., Moreno, B., Morales, M., et al.
(2024). Multidrug resistance in pathogenic Escherichia coli isolates from urinary tract
infections in dogs, Spain. Front. Vet. Sci. 11:1325072. doi: 10.3389/fvets.2024.1325072

Anderson, T. C., Marsden-Haug, N., Morris, J. F., Culpepper, W., Bessette, N.,
Adams, J. K,, et al. (2017). Multistate outbreak of human Salmonella Typhimurium
infections linked to pet hedgehogs-United States, 2011-2013. Zoonoses Public Health
64, 290-298. doi: 10.1111/zph.12310

Frontiers in Microbiology

10.3389/fmicb.2024.1479352

Ethics statement

The animal study was approved by Experimental Animal
Welfare Ethics Committee of Mudanjiang Normal University. The
study was conducted in accordance with the local legislation and
institutional requirements.

Author contributions

XJ: Writing - original draft, Writing - review & editing.
QL: Software, Supervision, Writing - original draft. XY:
Conceptualization, Formal analysis, Writing - original draft.
DL: Conceptualization, Writing - original draft. ZJ: Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by Sub-project of the 2023 Annual Basic Research
Business Fee Youth Cultivation Project of Heilongjiang Provincial
Universities (1453QN029), The Young Academic Backbone Project
at Mudanjiang Normal University (MNUQN202305), the National
Key R&D Program (2023YFF-0724603-4), and The Natural Science
Foundation of Heilongjiang Province of China (§52021C006).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Bai, W., Dong, W., Liu, W., Zhang, L., Li, L., Li, Q., et al. (2022). Pleistocene
Hedgehog Mesechinus (Eulipotyphla, Mammalia) in China. . Mammal. Evol. 29,
797-814. doi: 10.1007/s10914-022-09612-w

Belda, E., Voland, L., Tremaroli, V., Falony, G., Adriouch, S., Assmann, K. E., et al.
(2022). Impairment of gut microbial biotin metabolism and host biotin status in severe
obesity: effect of biotin and prebiotic supplementation on improved metabolism. Gut
11:2021-325753. doi: 10.1136/gutjnl-2021-325753

Benler, S., Yutin, N., Antipov, D., Rayko, M., Shmakov, S., Gussow, A. B., et al.
(2021). Thousands of previously unknown phages discovered in whole-community
human gut metagenomes. Microbiome 9, 1-17. doi: 10.1186/s40168-021-01017-w

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1479352
https://doi.org/10.1126/scitranslmed.3008599
https://doi.org/10.3389/fvets.2024.1325072
https://doi.org/10.1111/zph.12310
https://doi.org/10.1007/s10914-022-09612-w
https://doi.org/10.1136/gutjnl-2021-325753
https://doi.org/10.1186/s40168-021-01017-w
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Jia et al.

Brenner, D. J., O’Hara, C. M., Grimont, P. A., Janda, J. M., Falsen, E., Aldova, E., et al.
(1999). Biochemical identification of Citrobacter species defined by DNA hybridization
and description of Citrobacter gillenii sp. nov. (formerly Citrobacter genomospecies 10)
and Citrobacter murliniae sp. nov. (formerly Citrobacter genomospecies 11). J. Clin.
Microbiol. 37, 2619-2624. doi: 10.1128/JCM.37.8.2619-2624.1999

Buchfink, B., Xie, C., and Huson, D. H. (2015). Fast and sensitive protein alignment
using DIAMOND. Nat. Methods 12, 59-60. doi: 10.1038/nmeth.3176

Cassola, F. (2016). Erinaceus amurensis (errata version published in
2017). The IUCN Red List of Threatened Species 2016:e.T40604A115174360.
doi: 10.2305/IUCN.UK.2016-3.RLTS.T40604A22325640.en

CDC (2019). Antibiotic Resistance Threats in the United States. Washington,
DC: CDC.

Chen, S., Zhou, Y., Chen, Y., and Gu, J. (2018). fastp: an ultra-fast all-in-one FASTQ
preprocessor. Bioinformatics 34, i884-i890. doi: 10.1093/bioinformatics/bty560

Clarke, K. R., Somerfield, P. J., and Gorley, R. N. (2016). Clustering in
non-parametric multivariate analyses. J. Exp. Mar. Biol. Ecol. 483, 147-155.
doi: 10.1016/j.jembe.2016.07.010

Costa, M. C., Arroyo, L. G., Allen-Vercoe, E., Staimpfli, H. R., Kim, P. T, Sturgeon,
A, et al. (2012). Comparison of the fecal microbiota of healthy horses and horses with
colitis by high throughput sequencing of the V3-V5 region of the 16S RNA gene. PLoS
ONE 7:e41484. doi: 10.1371/journal.pone.0041484

Delgado, M. L., Singh, P, Funk, J. A, Moore, J. A, Cannell, E. M,
Kanesfsky, J., et al. (2017). Intestinal microbial community dynamics of white-
tailed deer (Odocoileus virginianus) in an agroecosystem. Microb. Ecol. 74, 496-506.
doi: 10.1007/s00248-017-0961-7

Dubois, L., Valles-Colomer, M., Ponsero, A., Helve, O., Andersson, S.,
Kolho, K. L. et al. (2024). Paternal and induced gut microbiota seeding
complement mother-to-infant transmission. Cell Host Microbe 32, 1011-1024.e4.
doi: 10.1016/j.chom.2024.05.004

Eckburg, P. B,, Bik, E. M, Bernstein, C. N., Purdom, E., Dethlefsen, L., Sargent, M.,
etal. (2005). Diversity of the human intestinal microbial flora. Science 308, 1635-1638.
doi: 10.1126/science.1110591

Eckel, J. (2021). Intestinal microbiota and host metabolism—a complex
relationship. Acta Physiol. 232:13638. doi: 10.1111/apha.13638

Fang, M., Yu, F,, Shu, L., Wei, H,, Mu, X,, Wang, X,, et al. (2024). Structural
and functional differences of gut microbiota in Pomacea canaliculata from different
geographical locations and habitats. Ecol. Evol. 14:¢70283. doi: 10.1002/ece3.70283

Fasoli, S., Ferlizza, E., Andreani, G., Sandri, C., Dondi, F., Isani, G., et al. (2021).
Noninvasive sampling method for urinalysis and urine protein profile in captive
giraffes. J. Vet. Diagn. Invest. 33, 25-34. doi: 10.1177/1040638720975370

Fonton, P., Hassoun-Kheir, N., and Harbarth, S. (2024). Epidemiology of
Citrobacter spp. infections among hospitalized patients: a systematic review and
meta-analysis. BMC Infect. Dis. 24:662. doi: 10.1186/s12879-024-09575-8

Fu, C., Ma, Y., Xia, S., Shao, J., Tang, T., Sun, W., et al. (2024). Study on changes in
gut microbiota and microbiability in rabbits at different developmental stages. Animals
14:1741. doi: 10.3390/ani14121741

Fu, L., Niu, B, Zhu, Z., Wu, S., and Li, W. (2012). CD-HIT: accelerated
for clustering the next-generation sequencing data. Bioinformatics 28, 3150-3152.
doi: 10.1093/bioinformatics/bts565

Furet, J. P., Firmesse, O., Gourmelon, M., Bridonneau, C., Tap, J., Mondot,
S., et al. (2009). Comparative assessment of human and farm animal faecal
microbiota using real-time quantitative PCR. FEMS Microbiol. Ecol. 68, 351-362.
doi: 10.1111/§.1574-6941.2009.00671.x

Gharechahi, J., Vahidi, M. F., Sharifi, G., Ariaeenejad, S., Ding, X. Z., Han, J. L., et al.
(2023). Lignocellulose degradation by rumen bacterial communities: new insights from
metagenome analyses. Environ. Res. 229:115925. doi: 10.1016/j.envres.2023.115925

Gill, M. A, and Schutze, G. E. (1999). Citrobacter urinary tract infections in
children. Pediatr. Infect. Dis. ]. 18, 889-892. doi: 10.1097/00006454-199910000-00010
Glenny, E. M., Bulik-Sullivan, E. C., Tang, Q., Bulik, C. M., and Carroll, I. M. (2017).

Eating disorders and the intestinal microbiota: mechanisms of energy homeostasis and
behavioral influence. Curr. Psychiatry Rep. 19, 1-9. doi: 10.1007/s11920-017-0797-3

Greenhill, C. (2017). Intestinal microbiota affects host physiology. Nat. Rev.
Endocrinol. 13:64. doi: 10.1038/nrendo.2016.207

Haigh, A., O’Keefte, J., O’Riordan, R. M., and Butler, F. (2014). A preliminary
investigation into the endoparasite load of the European hedgehog (Erinaceus
europaeus) in Ireland. Mammalia 78, 103-107. doi: 10.1515/mammalia-2013-0032

Hay, C. Y., and Sherris, D. A. (2020). Staphylococcus lentus sinusitis: a new sinonasal
pathogen. Ear Nose Throat J. 99, NP62-NP63. doi: 10.1177/0145561319848990

Jiang, H., Chen, W., Su, L., Huang, M., Lin, L., Su, Q., et al. (2020). Impact of
host intraspecies genetic variation, diet, and age on bacterial and fungal intestinal
microbiota in tigers. Microbiol. Open 9, 1-22. doi: 10.1002/mbo3.1050

Jiang, Y., Han, X., Li, M., Feng, N., Yang, P., Zhao, H., et al. (2022). Changes in the
gut microbiota of forest musk deer (Moschus berezovskii) during ex situ conservation.
Front. Microbiol. 13:969593. doi: 10.3389/fmicb.2022.969593

Frontiersin Microbiology

11

10.3389/fmicb.2024.1479352

Kilroy, C., Stephens, T., Greenwood, M., Wech, J., Brown, L., Matthews, A.,
et al. (2020). Improved predictability of peak periphyton in rivers using site-specific
accrual periods and long-term water quality datasets. Sci. Total Environ. 736:139362.
doi: 10.1016/j.scitotenv.2020.139362

Krawczyk, B., Wityk, P., Gatecka, M., and Michalik, M. (2021). The many faces of
Enterococcus spp.-commensal, probiotic and opportunistic pathogen. Microorganisms
9:1900. doi: 10.3390/microorganisms9091900

Laborda, P., Sanz-Garcia, F., Ochoa-Sénchez, L. E., Gil-Gil, T., Hernando-Amado,
S., Martinez, J. L., et al. (2022). Wildlife and antibiotic resistance. Front. Cell. Infect.
Microbiol. 12:873989. doi: 10.3389/fcimb.2022.873989

Lanave, G., Diakoudi, G., Pellegrini, F., Lombardi, R., Prioletti, M., Circella,
E., et al. (2023). Novel parvovirus in an outbreak of fatal enteritis in European
hedgehogs (Erinaceus europaeus), Italy, 2022. Microbiol. Spectr. 11:¢02494-23.
doi: 10.1128/spectrum.02494-23

Levin, D., Raab, N,, Pinto, Y., Rothschild, D., Zanir, G., Godneva, A., et al. (2021).
Diversity and functional landscapes in the microbiota of animals in the wild. Science
372:eabb5352. doi: 10.1126/science.abb5352

Li, D., Liu, C. M., Luo, R., Sadakane, K., and Lam, T. W. (2015). MEGAHIT:
an ultra-fast single-node solution for large and complex metagenomics
assembly via succinct de Bruijn graph. Bioinformatics 31, 1674-1676.
doi: 10.1093/bioinformatics/btv033

Li, H., Bao, L., Wang, T., and Guan, Y. (2024). Dietary change influences the
composition of the fecal microbiota in two rescued wild raccoon dogs (Nyctereutes
procyonoides). Front. Microbiol. 15:1335017. doi: 10.3389/fmicb.2024.1335017

Li, H., and Durbin, R. (2009). Fast and accurate short read alignment with Burrows-
Wheeler transform. Bioinformatics 25, 1754-1760. doi: 10.1093/bioinformatics/btp324

Li, R, Li, Y., Kristiansen, K., and Wang, J. (2008). SOAP: short oligonucleotide
alignment program. Bioinformatics 24, 713-714. doi: 10.1093/bioinformatics/btn025

Liu, Y., Shu, Y., Huang, Y., Tan, J., Wang, F., Tang, L., et al. (2024). Microbial
biogeography along the gastrointestinal tract of a wild Chinese Muntjac (Muntiacus
reevesi). Microorganisms 12:1587. doi: 10.3390/microorganisms12081587

Lu, H. P, Wang, Y. B., Huang, S. W,, Lin, C. Y., Wu, M., Hsieh, C. H,, et al. (2012).
Metagenomic analysis reveals a functional signature for biomass degradation by cecal
microbiota in the leaf-eating flying squirrel (Petaurista alborufus lena). BMC Genomics
13:466. doi: 10.1186/1471-2164-13-466

Manrique, P., Bolduc, B., Walk, S. T., Van Der Oost, J., De Vos, W. M., Young,
M. ], et al. (2016). Healthy human gut phageome. Proc. Natl. Acad. Sci. USA. 113,
10400-10405. doi: 10.1073/pnas.1601060113

Menke, S., Wasimuddin, Meier, M., Melzheimer, J., Mfune, J. K., Heinrich, S.,
et al. (2014). Oligotyping reveals differences between gut microbiomes of free-ranging
sympatric Namibian carnivores (Acinonyx jubatus, Canis mesomelas) on a bacterial
species-like level. Front. Microbiol. 5:526. doi: 10.3389/fmicb.2014.00526

Morrison, D. J., and Preston, T. (2016). Formation of short chain fatty acids by
the gut microbiota and their impact on human metabolism. Gut Microbes. 7, 189-200.
doi: 10.1080/19490976.2015.1134082

Nasrollahian, S., Graham, J. P., and Halaji, M. (2024). A review of the mechanisms
that confer antibiotic resistance in pathotypes of E. coli. Front. Cell. Infect. Microbiol.
14:1387497. doi: 10.3389/fcimb.2024.1387497

Norman, J. M., Handley, S. A., Baldridge, M. T., Droit, L., Liu, C. Y., Keller, B. C,,
et al. (2015). Disease-specific alterations in the enteric virome in inflammatory Bowel
disease. Cell 160, 447-460. doi: 10.1016/j.cell.2015.01.002

Noval Rivas, M., Burton, O. T., Wise, P., Zhang, Y. Q., Hobson, S. A., Garcia Lloret,
M, et al. (2013). A microbiota signature associated with experimental food allergy
promotes allergic sensitization and anaphylaxis. J. Allergy Clin. Immunol. 131,201-212.
doi: 10.1016/j.jaci.2012.10.026

Ortega-Pefia, S., Franco-Cendejas, R., Salazar-Sdenz, B., Rodriguez-Martinez, S.,
Cancino-Diaz, M. E., Cancino-Diaz, J. C., et al. (2019). Prevalence and virulence
factors of coagulase negative Staphylococcus causative of prosthetic joint infections in
an orthopedic hospital of Mexico. Cir. Cir. 87, 428-435. doi: 10.24875/CIRU.19000690

Santos, A. C. D. M, Santos, F. F., Silva, R. M., and Gomes, T. A. T.
(2020). Diversity of hybrid-and hetero-pathogenic Escherichia coli and their
potential implication in more severe diseases. Front. Cell. Infect. Microbiol. 10:339.
doi: 10.3389/fcimb.2020.00339

Schnupf, P., Gaboriau-Routhiau, V., and Cerf-Bensussan, N. (2018). Modulation of
the gut microbiota to improve innate resistance. Curr. Opin. Immunol. 54, 137-144.
doi: 10.1016/j.c01.2018.08.003

Schretter, C. E. (2020). Links between the gut microbiota, metabolism, and host
behavior. Gut Microbes 11, 245-248. doi: 10.1080/19490976.2019.1643674

Scott, K. P., Gratz, S. W., Sheridan, P. O., Flint, H. J., and Duncan, S. H.
(2013). The influence of diet on the gut microbiota. Pharmacol. Res. 69, 52-60.
doi: 10.1016/j.phrs.2012.10.020

Seker, P. S. (2024). The complete mitochondrial genome of Erinaceus concolor
(Mammalia: Eulipotyphla) from Tirkiye with phylogenetic implications. Zool. Anz.
308, 119-130. doi: 10.1016/j.jcz.2023.12.001

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1479352
https://doi.org/10.1128/JCM.37.8.2619-2624.1999
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T40604A22325640.en
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1016/j.jembe.2016.07.010
https://doi.org/10.1371/journal.pone.0041484
https://doi.org/10.1007/s00248-017-0961-7
https://doi.org/10.1016/j.chom.2024.05.004
https://doi.org/10.1126/science.1110591
https://doi.org/10.1111/apha.13638
https://doi.org/10.1002/ece3.70283
https://doi.org/10.1177/1040638720975370
https://doi.org/10.1186/s12879-024-09575-8
https://doi.org/10.3390/ani14121741
https://doi.org/10.1093/bioinformatics/bts565
https://doi.org/10.1111/j.1574-6941.2009.00671.x
https://doi.org/10.1016/j.envres.2023.115925
https://doi.org/10.1097/00006454-199910000-00010
https://doi.org/10.1007/s11920-017-0797-3
https://doi.org/10.1038/nrendo.2016.207
https://doi.org/10.1515/mammalia-2013-0032
https://doi.org/10.1177/0145561319848990
https://doi.org/10.1002/mbo3.1050
https://doi.org/10.3389/fmicb.2022.969593
https://doi.org/10.1016/j.scitotenv.2020.139362
https://doi.org/10.3390/microorganisms9091900
https://doi.org/10.3389/fcimb.2022.873989
https://doi.org/10.1128/spectrum.02494-23
https://doi.org/10.1126/science.abb5352
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.3389/fmicb.2024.1335017
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btn025
https://doi.org/10.3390/microorganisms12081587
https://doi.org/10.1186/1471-2164-13-466
https://doi.org/10.1073/pnas.1601060113
https://doi.org/10.3389/fmicb.2014.00526
https://doi.org/10.1080/19490976.2015.1134082
https://doi.org/10.3389/fcimb.2024.1387497
https://doi.org/10.1016/j.cell.2015.01.002
https://doi.org/10.1016/j.jaci.2012.10.026
https://doi.org/10.24875/CIRU.19000690
https://doi.org/10.3389/fcimb.2020.00339
https://doi.org/10.1016/j.coi.2018.08.003
https://doi.org/10.1080/19490976.2019.1643674
https://doi.org/10.1016/j.phrs.2012.10.020
https://doi.org/10.1016/j.jcz.2023.12.001
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Jia et al.

Sepulveda, J., and Moeller, A. H. (2020). The effects of temperature on animal gut
microbiomes. Front. Microbiol. 11:384. doi: 10.3389/fmicb.2020.00384

Shin, J. H., Tillotson, G., MacKenzie, T. N., Warren, C. A., Wexler, H. M., Goldstein,
E.J. C, et al. (2024). Bacteroides and related species: the keystone taxa of the human
gut microbiota. Anaerobe 85:102819. doi: 10.1016/j.anaerobe.2024.102819

Trees, E., Carleton, H. A., Folster, J. P., Gieraltowski, L., Hise, K., Leeper,
M., et al. (2024). Genetic diversity in Salmonella enterica in outbreaks of
foodborne and zoonotic origin in the USA in 2006-2017. Microorganisms 12:1563.
doi: 10.3390/microorganisms12081563

Waite, D. W., and Taylor, M. W. (2014). Characterizing the avian gut microbiota:
membership, driving influences, and potential function. Front. Microbiol. 5:223.
doi: 10.3389/fmicb.2014.00223

Wu, X, Guo, R,, Fan, Y., Chen, S., Zheng, W., Shu, X,, et al. (2024). Dynamic impact
of delivery modes on gut microbiota in preterm infants hospitalized during the initial
4 weeks of life. Int. J. Med. Microbiol. 315:151621. doi: 10.1016/j.ijmm.2024.151621

Xiao, Y., Chen, G., Chen, Z., Bai, R,, Zhao, B., Tian, X, et al. (2021). Interspecific
competition by non-exoelectrogenic Citrobacter freundii Anl boosts bioelectricity

generation of exoelectrogenic Shewanella oneidensis MR-1. Biosens. Bioelectron.
11:113614. doi: 10.1016/j.bios.2021.113614

Frontiersin Microbiology

12

10.3389/fmicb.2024.1479352

Yan, C,, Xiao, J., Li, Z,, Liu, H., Zhao, X,, Liu, J., et al. (2021). Exogenous fecal
microbial transplantation alters fearfulness, intestinal morphology, and gut microbiota
in broilers. Front. Vet. Sci. 8:706987. doi: 10.3389/fvets.2021.706987

Yang, F.-t., Ma, C.-x., and Shi, L.-m. (1991). Studies on the karyotypes of Erinaceus
amurensis and Hemiechinus auritus. Zool. Res. 12, 93-398.

Yeoman, C. J., Chia, N., Yildirim, S., Miller, M. E. B,, Kent, A., Stumpf, R., et al.
(2011). Towards an evolutionary model of animal-associated microbiomes. Entropy 13,
570-594. doi: 10.3390/¢13030570

Yoo, J. Y., Groer, M., Dutra, S. V. O.,, Sarkar, A,, and McSkimming, D. L
(2020). Gut microbiota and immune system interactions. Microorganisms 8:1587.
doi: 10.3390/microorganisms8101587

Zhang, K., Fu, Y., Han, K, Yu, F, Huang, J, Zhang, L. et al. (2021).
Morphological and molecular characterization of Cystoisospora yuensis n. sp. and
Cystoisospora rastegaievae (Protozoa: Eimeriidae) in amur hedgehogs, Erinaceus
amurensis (Schrenk, 1859). Parasitol. Res. 120, 73-81. doi: 10.1007/s00436-020-
06969-w

Zhu, L, Wu, Q., and Dai, J. (2011). Evidence of cellulose metabolism by
the giant panda gut microbiome. Proc. Natl. Acad. Sci. USA. 108, 17714-17719.
doi: 10.1073/pnas.10179re56108

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1479352
https://doi.org/10.3389/fmicb.2020.00384
https://doi.org/10.1016/j.anaerobe.2024.102819
https://doi.org/10.3390/microorganisms12081563
https://doi.org/10.3389/fmicb.2014.00223
https://doi.org/10.1016/j.ijmm.2024.151621
https://doi.org/10.1016/j.bios.2021.113614
https://doi.org/10.3389/fvets.2021.706987
https://doi.org/10.3390/e13030570
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.1007/s00436-020-06969-w
https://doi.org/10.1073/pnas.1017956108
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Comparative analysis of the gut microbiota composition and diversity in Erinaceus amurensis from the Wandashan Mountain range area based on metagenomics
	1 Introduction
	2 Materials and methods 
	2.1 Study area and sampling
	2.2 DNA extraction, library construction, and metagenomic sequencing
	2.3 Sequencing data
	2.4 Sequence quality control and genome assembly
	2.5 Constructing non-redundant gene set
	2.6 Species and functional annotation
	2.7 Complexity analysis
	2.8 Bacterial community typing analysis

	3 Results and analysis
	3.1 Comparative analysis of gut microbiome composition and species abundance in Erinaceus amurensis from Wandashan Mountain range area
	3.2 Comparative analysis of intestinal microbiota diversity in Erinaceus amurensis from Wandashan Mountain range area
	3.3 Differences in dominant gut microbiota groups between different gender and adult-fetus pairs of the Erinaceus amurensis in the Wandashan Mountain range area

	4 Discussion
	4.1 Composition of the gut microbiota in Erinaceus amurensis
	4.2 Diversity differences in the gut microbiota of Erinaceus amurensis
	4.3 Differences in dominant gut bacterial communities of Erinaceus amurensis

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


