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Abstract

The association between intestinal flora and ulcerative colitis (UC) was studied in order to provide a basis and method
for clinical treatment. Fresh fecal samples were collected from 30 active UC patients and 10 healthy controls. The
intestinal flora DNA from each sample was extracted and 16S rRNA gene sequencing was carried out using HiSeq
platform to identify the intestinal flora in fecal samples. The richness and diversity of intestinal flora in UC patients
were significantly lower than those in healthy control group (P <0.05). Significant differences were observed between
the intestinal flora-species of UC patients and healthy controls. Synergistetes (P < 0.01) and Firmicutes (P <0.05), along
with probiotics Veillonella (P < 0.01), Ruminococcus and Coprococcus (P <0.05) in the UC patients were lower than

that in the healthy controls significantly. Furthermore, compared with the control group, Tenericutes (P <0.01) and
intestinal pathogenic bacteria, including Bacteroides (P < 0.01), Escherichia and Sutterella (P < 0.05) were significantly
increased. The incidence of UC is significantly associated with the changes in intestinal flora. Changes in intestinal
flora may lead to a decrease in the diversity of intestinal flora or to the enrichment of a particular intestinal flora.
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Introduction

Ulcerative colitis (UC) is a chronic non-specific intesti-
nal inflammatory disease of unknown etiology. Its main
symptoms include abdominal pain, diarrhea and mucus,
pus and blood. Some UC patients have extra-intestinal
manifestations and complications, which affect their daily
lives, and even their health (Whitehead 2016; Sykora et al.
2018). An epidemiological survey reported higher preva-
lence of UC among the people of 20—40 years, and higher
prevalence in males than females (Lewin et al. 2019). The
incidence rate of UC fluctuates from 5.5 to 24.3 per mil-
lion people worldwide with significant regional and eth-
nic specificity. Statistically, the prevalence of UC in China
is about 11.6 per million (Whitesides 1985; Molodecky
et al. 2012; Ng et al. 2013; Cui et al. 2018). The patho-
genesis of UC has been reported to be associated with
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environmental, genetic, immune and intestinal flora-fac-
tors (Cui et al. 2018). Among them, the barrier, metabolic
and nutritive function of intestinal flora, immune system
function, and the regulation of the balance of intestinal
flora play a key role in the pathogenesis of UC.

The intestinal flora is currently considered to be a
complex ecosystem, which is (Ahlawat et al. 2021b)
composed of 500—1000 different species, accounting for
10 bacterial cells, which is 10 times more than that of
the total number of human cells (Domingo and Sanchez
2018). The genome of all intestinal microorganisms is
known as “microbiome”, which is more than 100-times
larger than the human nuclear genome (Huang et al
2019). Intestinal microflora is increasingly recognized as
a key factor of human health. Several studies have shown
that many human chronic diseases are associated with
intestinal microecological disorders (Tripathi et al. 2018;
Zhang et al. 2018; Ma et al. 2019; Ahlawat et al. 2021a).
The intestinal flora is an important environmental factor,
which has been reported to be associated with a series
of metabolic diseases, including obesity (Machiels et al.

©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco

mmons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13568-021-01267-9&domain=pdf

Tang et al. AMB Expr (2021) 11:106

2014) and diabetes (Yuan et al. 2018). It is crucial for
human beings to maintain a good symbiotic relationship
between human body and intestinal flora.

Although the specific pathogenesis of UC remains
unclear, the interactions of genetic abnormalities,
immune system dysfunction, intestinal barrier dysfunc-
tion and microbiological infection are thought to be the
early risk factors of UC (Deng et al. 2019; Lewin et al.
2019; Lee et al. 2020). The microbiological factor has
been recognized as the most potent environmental factor
in the UC progression, which is possibly associated with
the harmful mucosal invasion, activation of carcinogens,
or inflammatory responses (Zheng et al. 2019). Moreover,
the inflammatory cytokines and/or mixed inflammatory
infiltrates in the intestinal mucosa may also be respon-
sible for the development of UC (Kopecki et al. 2019).
Therefore, a better understanding of the gastrointestinal
microflora and inflammatory cytokines in the progres-
sion of UC has been of great significance.

This study provides a new basis and method for the
clinical assessment of UC by analyzing the association
between changes in intestinal flora and UC. It is of great
importance to fully understand the changes of intestinal
flora in UC. This study provides a theoretical basis for the
regulation of intestinal flora in the treatment of UC and
its complications.

Materials and methods
We have uploaded the data to the NCBI Sequence Read
Archive database (Accession Number: PRINA695366).

Materials

Agencourt AMPure XP magnetic beads and Elution
Buffer were purchased from MGI Tech Co., Ltd. Inhibi-
tEX Buffer and Qubit® dsDNA BR Assay Kit were pur-
chased from Shanghai Haoran Biotechnology Co., Ltd.
Two wash buffers, including Buffer AW1 and Buffer AW2
were purchased from Shanghai Beinuo Biotechnology
Co., Ltd. Buffer AL and Buffer ATE were purchased from
Shanghai Limin Industrial Co., Ltd. KAPA HiFi HotStart
DNA Polymerase was purchased from Shanghai HiFi
Biotech Co., Ltd.

Sample collections and setting participants

According to the revised standards of “Consensus Opin-
ions on Diagnosis and Treatment of Inflammatory Bowel
Disease” formulated by the Inflammatory Bowel Disease
Group of the Chinese Medical Association Gastroenter-
ology Branch in 2018, 30 patients with ulcerative colitis
were recruited from the First Affiliated Hospital, Harbin
Medical University from January to December 2019. There
were no gender restrictions. The inclusion criteria for the
recruitment of patients included: (1) region, Heilongjiang
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province; (2) age, 30—65 years; (3) past history of ulcera-
tive colitis, the ulcerative colitis active period; and (4) the
patients are not treated with antibiotics and microecologi-
cal agents or not treated with these drugs 4 weeks before
the onset. The core standards included: (a) hematology
tests, such as hemoglobin (Hb), white blood cells (WBC),
erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP); (b) colonoscopy report showing ulcera-
tive colitis; and (c) pathology report showing moderate
to severe mucosal chronic inflammation or suggesting
crypt abscess. The exclusion criteria of the UC patients
included: (a) incomplete clinical data; (b) patients with
severe heart, liver, lung, and kidney diseases; (c) patients
with diabetes and severe infections; (d) patients with preg-
nancy and lactation; (e) patients with UC complications;
(f) patients with extra-intestinal manifestations; and (g)
patients with other autoimmune diseases. In addition, 10
healthy controls in the physical examination center of the
First Affiliated Hospital, Harbin Medical University were
recruited, regardless of gender. For the inclusion criteria
of the recruitment of healthy controls, the region, age, and
drugs usage were same as that of UC patients. Other inclu-
sion criteria parameters included: (1) no history of chronic
gastrointestinal diseases and routine physical examination
and stool examination showed no abnormalities; and (2)
information collection such as hematological tests, such
as Hb, WBC, ESR, and CRP. The sample collection was
reviewed by the Ethics Committee of the First Affiliated
Hospital of Harbin Medical University.

Fresh stool samples of 1-10 g were collected in a medi-
cal stool collection vessels (the surface of the vessels had
sample numbers) from the patients and healthy controls,
and stored in a — 80 °C low-temperature freezer after one
hour of sampling.

DNA extraction and sequencing

The intestinal floras from the fecal samples were homog-
enized and genomic DNA was extracted using QIAamp
Fast DNA Stool Mini Kit (QIAGEN China (Shanghai)
Co., Ltd.). The quality and integrity of the DNA extrac-
tion were evaluated using micro spectrophotometer and
gel electrophoresis.

The extracted DNA samples and corresponding fusion
primers were mixed in order to configure the PCR reac-
tion system. The PCR reaction parameters were set for
PCR amplification. Agencourt AMPure XP magnetic
beads were used to purify the PCR amplification products,
which were then dissolved in Elution Buffer, and labeled.
The metagenomic library was prepared and the fragment
range and concentration were analyzed using Agilent
2100 Bioanalyzer. The prepared colonies were selected for
sequencing on HiSeq platform based on insert size.



Tang et al. AMB Expr (2021) 11:106

Data filtering

The original sequencing data was processed to remove
low-quality, low-complexity, pollution and N-terminal
sequences and obtain clean data. FLASH (Fast Length
Adjustment of Short reads, v1.2.11) software was used
to sequence paired-end sequences using overlapping
relationships The obtained paired-end sequences were
assembled into a sequence to obtain the tags of hyper-
variable region. USEARCH (v7.0.1090) software was used
to perform clustering and splicing at 97% similarity. The
spliced tags were clustered as OUT (Operational Taxo-
nomic Units) and compared with the database and spe-
cies annotations. The statistics table of OTU abundance
for each sample was obtained, and the samples were ana-
lyzed on the basis of OTU and species annotation results.

Statistical analysis

Statistical analysis was carried out using Excel spread-
sheets and SPSS statistical software. The differences
in the species diversity and richness between the UC
patients’ samples and that of healthy controls were ana-
lyzed. The rank sum test was used, and the results were
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analyzed using OTU Rank curve, alpha diversity box plot
and beta diversity box plot. The similarity in the species
of both the groups was analyzed by OTU PLS-DA (Partial
Least Squares Discriminant Analysis) method. The RDP
classifier Bayesian algorithm was used for species com-
position analysis and statistics. The histogram and heat
map of species richness and the comparison histogram of
key species difference were used for the analysis of spe-
cies composition between two groups. U test was used
to calculate the average relative abundance of species
between the two groups and to analyze the significance
of the difference test. The statistical differences of P <0.05
and P <0.01 were considered as significant and extremely
significant, respectively. FastTree is used to construct
evolutionary tree by selecting OTU or sequence corre-
sponding to classification information at a certain level.

Results

Comparison of species diversity and richness

The comparison of species diversity between the UC
patients and the healthy controls is shown in Figs. 1, 2, 3.
Shannon index, simpson index and unweighted UniFrac
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Fig. 1 Comparison of Alpha diversity box between disease group (UC patients) and normal group (healthy controls). Red and blue colored
boxes show the richness of microflora in disease and control samples, respectively for all the statistical analysis mentioned with each graph. Clear
significant differences were observed in all the statistical analyses
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Beta diversity box plot were used to reflect the diversity
of bacterial community in the samples (Fig. 1). The spe-
cies diversity in the UC patients was significantly lower
than that in the health controls (P <0.05). The compari-
son of species richness between the UC patients and
the healthy controls is shown in Figs. 1, 3. The observed
species index, chao index, and ACE index reflected the
community richness between the two groups of samples.
The species richness in the UC patients was significantly
lower than that of the healthy controls (P <0.05). The bio-
diversity statistics between the two groups are listed in
Table 1.

Comparison of species similarity

The species similarities between the samples of the UC
patients and healthy controls were analyzed on the basis
of two sets of OTU data and OTU PLS-DA analysis
chart. As shown in Fig. 2B, the intestinal flora clustering
of the UC patients and healthy controls showed distinct
distribution from each other, without showing any inter-
section, which showed significant differences in the spe-
cies diversity between the two sets of samples.
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Species level composition analysis

The histogram and heat map of the species richness of
the UC patients and healthy controls are shown in Figs. 4,
5, respectively. The average relative abundance and the
significance of difference test are shown in Fig. 6 and
provided in Additional file 1: Table S1. The probabili-
ties of species distribution of the two groups are listed
in Table 2. Synergistetes and Firmicutes were decreased
in the UC patients as compared to the healthy control
with statistical significance (P <0.01 and P <0.05), respec-
tively. Compared with healthy controls, patients with UC
showed a significant increase in Tenericutes (P <0.01).
There were no significant differences in Bacteroides,
Proteobacteria, Actinomycetes, Fusobacteria, Verrucomi-
crobia, Lentisphaerae, Euryarchaeota between the UC
patients and healthy controls.

Genus level composition analysis

The average relative abundance of species in the UC
patients and healthy controls is shown in Fig. 7 and pro-
vided in Additional file 1: Table S2. The beneficial bacteria
Veillonella were significantly reduced in the UC patients
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OTU Rank Graph
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Fig. 3 OTU Rank graph showing the comparison of species richness between UC patients and healthy controls (normal). The side bar shows color
identifications for 30 disease samples and 10 normal samples, denoted as D1-30 and N1-10, respectively. A clear divergence in the normal samples

Table 1 Statistics of biodiversity index in UC patients and healthy controls

Mean (disease) SD (disease) Mean (normal) SD (normal) P
Observed species 114.2 63.54211 216.5 72.17802 0.04019
Shannon index 2.0797 0.69312 3.24729 0.63804 0.00929
Chao index 134.87980 66.44779 23223235 82.53096 0.0485
Ace index 134.85776 65.65546 229.1388 78.12063 0.0485
Simpson index 0.27035 0.17975 0.09145 0.05329 0.00619

as compared to the healthy controls, along with signifi-
cant increase in harmful bacteria Bacteroides in the UC
patients as compared to the healthy controls (P<0.01).
Firmicutes were also reduced in the UC patients as com-
pared to the healthy controls with statistical significance
of P<0.05. The differences in Bacteroides, Proteobacte-
ria, Actinomycetes, Fusobacteria, Verrucomicrobia, Len-
tisphaerae, Euryarchaeota between the UC patients and
healthy controls were insignificant.

Phylogenetic analysis of species

The phylogenetic analysis of species level was stud-
ied as follows. Firmicutes and Proteobacteria were the
two largest intestinal microbial species, which also the
fastest growing species. Second, Actinobacteria and
Bacteroidetes have more branches than other species.
Euryarchaeota, Fusobacteria, Lentisphaerae, and Verru-
comicrobia have less species evolution (Fig. 8).
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Discussion
In this study, a case—control experimental method was
adopted and 16S rRNA gene sequencing technology
using Illumina HiSeq 2500 sequencing platform was
applied to explore the relationship between changes in
intestinal flora of UC patients and healthy controls. The
results showed that the species richness and diversity of
the intestinal flora in the UC patients were significantly
lower than those of healthy controls. Consistent with the
domestic and foreign studies, significant differences in
the species diversity of the intestinal flora between UC
patients and healthy controls were observed (Ruili et al.
2012; Min et al. 2015). It has been reported that the UC
recurrence in the patients in UC remission period is
associated with the aggravation of intestinal flora imbal-
ance. It also found that the status of intestinal flora of UC
patients is closely associated with the development of the
disease by testing intestinal flora in the stool samples of
UC active period, UC remission period and healthy con-
trols (Min et al. 2015). Another study have also revealed
that the diversity of intestinal flora in patients with active
UC is lower than that in UC remission and healthy con-
trols, analyzed by ERIC-PCR (enterobacterial repetitive
intergenic consensus PCR) technology (Ruili et al. 2012).
It was found that the synergistetes and firmicutes
decreased significantly, and the Soft-walled bacte-
ria significantly increased in the UC patients as com-
pared to healthy controls. The current research showed
that the alterations in the intestinal flora of UC patients

were mainly attributable to decrease in Firmicutes and
increase in Proteobacteria. The trend of changes in Act-
inobacteria and Bacteroides has not been confirmed yet
(Hold et al. 2014). Following these differences, the differ-
ences in the composition of intestinal flora in UC patients
and healthy controls at genus level were analyzed, which
showed that Escherichia and Sutterella were significantly
increased in UC patients. The increase in Escherichia
has been reported to disrupt the balance and integrity
of intestinal environment and promote inflammation. A
study reported that Helicobacter is a major flora in intes-
tinal infections (Li et al. 2017). When the distribution of
the flora changes, it can cause biliary infections, urinary
tract infections, and intra-abdominal infections, and
even life-threatening. Sutterella sp. may cause digestive
disorders (Sartor and Wu 2017), which may be another
factor that affect the aggravation and complications of
UC patients. Coprococcus, a major flora found in the
intestines of humans and animals, decreased significantly
in the intestinal flora of UC patients, which can produce
natural antibiotics, enhance intestinal function, and also
benefit the body. Coprococcus, not only produce bacte-
riostatic substances, such as bacteriocins, that inhibit the
growth of pathogenic bacteria, but they can also inhibit
the reproduction of urease-producing bacteria and
spoilage bacteria in the intestinal tract. Through these
mechanisms it improves the protection of the intestinal
microenvironment and reduces endotoxin and inflamma-
tion. Ruminococcus are the main fiber-degrading bacteria
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in gastrointestinal tract, which produce succinic acid,
acetic acid, formic acid, ethanol and lactic acid, and build
the intestinal microbial barrier alongside with other flora.

Our research showed a higher number of Bacteroides
in UC patients than the healthy controls, which was con-
sistent with a previous study (Furusawa et al. 2013). In
our present study, the number of Faecalibacterium genus
was relatively high as compared to the healthy controls,
which was inconsistent with previous studies. One of
the representative species of Clostridium prausnitzii is
Faecalibacterium prausnitzii. Clostridium prausnitzii
is a major probiotic in the gastrointestinal tract. It plays
vital role in the formation of intestinal mucosal barrier,
reduction of intestinal inflammation, competitive inhibi-
tion of pathogenic bacteria and reduction of pathogenic
bacterial colonization. An early study showed that the
number of Clostridium prasmoides in UC patients was
significantly lower than healthy controls (Machiels et al.

2014). Man et al. (Man et al. 2013) compared the num-
ber of Bacteroides, Clostridium tenuiens and Bifidobacte-
ria in UC patients and healthy controls. They showed an
increased number of Bacteroides in UC patients, which
could promote inflammation, and a decreased number
of Clostridium tenuis and Bifidobacterium, which could
inhibit inflammation (Man et al. 2013). We speculated
that the UC patients who participated in this study did
not take medication within 4 weeks. The accuracy of this
experiment on the effect of medication was not studied
in this study. The long course of UC patients, repeated
symptoms and long-term use of aminosalicylic acid, bio-
logical agents, glucocorticoids, microecological agents,
etc. might have impact on the results of this study. The
degree of inflammation in UC patients is also an impor-
tant factor that affect intestinal flora. This study did not
strictly distinguish among patients having mild, moder-
ate, and severe UC. Therefore, the role of these factors
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Table 2 Species distribution of samples at phylum level in UC
patients and healthy controls

Disease Normal
Fusobacteria 0.001728302 0.005181347
Bacteroidetes 039010419 0.287266
Synergistetes 1.21E-05 0.000122781
Lentisphaerae 0 0.000139152
Proteobacteria FrREHRR 0.11469358
Firmicutes 0.263940147 0.513567272
Actinobacteria 0.031726043 FHHHHHXK
Cyanobacteria 1.21E—05 0
Tenericutes FrRRR 0.00021282
Verrucomicrobia 8.74E—05 0.000130966
Others 7.03E—-06 9.41E-05
Euryarchaeota 0 4.09E—05

still needs to be studied in more detail. In addition, the
age, gender, and living habits of the study participants
can lead to different research conclusions. This requires
the sample size to be expanded and refined and the sam-
ple variables to be specified as much as possible.

This study explored the feasibility of using intestinal
flora to guide the treatment of UC by studying the intes-
tinal flora of UC patients. Probiotics, such as Clostrid-
ium prasylvia, can positively regulate the stability of
intestinal flora by increasing the permeability of intesti-
nal mucosa and producing butyrate to reduce intestinal
inflammation (Jinli et al. 2019); Lactobacillus regulates
the balance of intestinal flora by promoting digestion
and inhibiting the growth of potential pathogenic bac-
teria. Faecococcus can decompose nutrients to produce
lactic acid, enhance intestinal function and inhibit
the growth and reproduction of pathogenic bacteria.
Fecal bacteria transplantation is another application of
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intestinal flora. By transplanting the intestinal flora of
healthy people, it can reshape the intestinal flora bar-
rier and can treat intestinal diseases. At present, there
is evidence that the intestinal probiotics and intesti-
nal fecal bacteria transplantation have a certain effect
on the treatment of UC (Ding et al. 2019; Paramsothy
et al. 2019). However, the therapeutic application of
intestinal flora also has certain risks, especially in the
immune-compromised people (such as patients with

long-term use of glucocorticoids or immune-suppres-
sants, patients with immunodeficiency, etc.). There-
fore, the application of intestinal flora treatment for
such people should be carefully considered. There may
be risks of bacterial migration and the transmission of
drug-resistant factors (Haiying et al. 2008). Thus, the
extensive applications of intestinal flora still need a lot
of clinical investigations.
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