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Characteristics of gut microbiota in anastomotic
leakage patients in cold zones post-colorectal
cancer surgery: A high-throughput sequencing and
propensity-score matching study
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Abstract

Objective: The study aimed to explore the association between gut
microbiota and anastomotic leakage (AL) after surgery in colorectal cancer
(CRC) patients from a frigid zone, based on high-throughput sequencing.
Methods: A total of 98 CRC patients admitted to the Second Affiliated
Hospital of Harbin Medical University from July 2018 to February 2019,
who met the inclusion criteria, were included. Among these, 10 patients
were diagnosed as AL. After propensity-score matching of baseline
characteristics, 10 patients from the anastomotic leakage group (AG)
and 10 patients from the normal group (NG) were finally included in this
study. Fecal samples were collected, and total DNA was extracted for
high-throughput sequencing and bioinformatic analysis. Results: Alpha
diversity analysis showed no significant difference between the two groups,
while beta diversity analysis revealed significant differences in principal
components. Differential microbiota were classified as Proteobacteria
at the phylum level (P = 0.021). At the genus level, the abundances of
Streptococcus (P = 0.045), Citrobacter (P = 0.008) and Klebsiella (P =
0.002) were significantly different between the two groups. LEfSe analysis
indicated that these genera contributed most to the differences between
the groups. Conclusion: The characteristics of the gut microbiota in the
AG and NG were significantly different, and these differences might be
associated with AL in CRC patients from frigid zones.
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1 Introduction

Colorectal cancer (CRC) is one of the most common malignant
tumors in the world. It is characterized by high morbidity and
mortality, posing a serious threat to human health!™. Currently,
the preferred treatment for CRC remains radical surgery, with
anastomotic leakage (AL) being one of the most common
postoperative complications. According to the literature, the
incidence of AL after CRC surgery ranges from 4% to 15%",
which can increase the risk of local recurrence, leading to
the decline of patients’ quality of life and poor prognosis™®.
Previous studies have shown that factors such as male gender,
malnutrition, neoadjuvant chemotherapy, low rectal tumor,
anastomosis type, operation time, and intraoperative blood
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transfusion are all influencing factors for the occurrence of AL

In recent years, with the gradual deepening of research on gut
microbiota, researchers have gained a better understanding of
its role. As a biological factor, gut microbiota might potentially
be associated with the occurrence of AL after CRC surgery®. In
animal model research, the use of antibiotics to interfere with gut
microbiota could reduce the incidence of AL A pilot study based
on a clinical cohort also showed that differences in intestinal
colonization microbiota might be related to the occurrence of
AL". The cold climate, along with associated lifestyle and
dietary habits, might influence the gut microbiota of CRC patients
in frigid zones. However, studies on the relationship between
gut microbiota and AL in CRC patients in frigid zones are still
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insufficient, and the specific microbiota contribute to AL needs to
be clarified.

Therefore, this study aims to preliminarily explore the relationship
between gut microbiota and postoperative AL by analyzing the
differences of gut microbiota characteristics between patients
with and without AL, based on high-throughput sequencing and
bioinformatic analysis. Additionally, this study used the propensity-
score matching (PSM) method to mitigate the influence of
baseline characteristic mismatches and to control variables.

2 Methods
2.1 Fecal sample collection and inclusion criteria

CRC patients admitted to the Colorectal Cancer Surgery
Department of the Second Affiliated Hospital of Harbin Medical
University from July 2018 to February 2019 were included as
study subjects. Fecal samples were collected on the day of
admission and prior to any medical treatment. The inclusion
criteria were as follow: (1) The patient was diagnosed as CRC
by pathology and imaging; (2) The patient underwent primary
tumor resection in our department by the same surgery team
and underwent one-stage anastomosis (end-to-end anastomosis
for rectal cancer, side-to-side anastomosis for right-sided colon
cancer, and end-to-side anastomosis for left-sided colon cancer).

The exclusion criteria were as follow: (1) The patient had a
history of taking corticosteroids, antibiotics or probiotics in the
last 3 months; (2) The patient had a history of abdominal surgery
(including open and minimally invasive surgery) and other invasive
operations or treatments in the last 3 months; (3) The patient
underwent colonoscopy or mechanical intestinal preparation
(taking a cathartic agent, cleaning enema, eftc.) in the last week;
(4) The patient had a family history of tumor, a personal history of
tumor, or inflammatory bowel disease; (5) The patient followed a
special diet (such as vegetarians); (6) The patient had received
neoadjuvant radiotherapy and chemotherapy before the operation;
(7) The patient had a history of fecal bacteria transplantation; (8)
The patient’s information was incomplete or they did not agree to
participate in this study""".

A total of 98 patients met the inclusion and exclusion criteria.
These patients represent the CRC patients in the frigid zone
of northeast China. The collected fecal samples (at least 300
mg per patient) were stored in a -80°C refrigerator. All patients
included in this study provided informed consent and signed an
informed consent form. This study was approved by the Ethics
Review Committee of the Second Affiliated Hospital of Harbin
Medical University (Ethical permission code: KY2019-2008).
All methods were performed in accordance with the relevant
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guidelines and regulations.

2.2 Propensity-score matching analysis

Among the 98 patients who met the inclusion and exclusion
criteria, 10 patients suffered postoperative AL, comprising the
anastomotic leakage group (AG). The remaining 88 patients
without AL were designated as the normal group (NG). The
diagnosis of AL was based on clinical manifestations, imaging
evaluation, and laboratory examination results!"*"'¥. The PSM
method was used to balance the basic information between
groups to exclude the differences in gut microbiota analysis results
caused by mismatches in basic information. The assignment of
basic information variables of the 98 patients was completed
through a logistic regression model, and the propensity score was
the obtained P value. A 1:1 matching was performed according
to the nearest matching method, with a caliper value set at 0.2.
The patient’s age, sex, American Society of Anesthesiologists
(ASA) score, body mass index (BMI), tumor site, and TMN stage
were selected as variables. Among these, age, BMI, sex, tumor
location, and TMN stage are the basic demographic information
of the patients. The ASA score, widely used in clinical work and
research, is a simple and subjective quantitative score used to
assess patients’ physical condition and surgical risk"®. After PSM,
fecal samples from two groups of patients with consistent basic
information were included in this study for further processing and
subsequent analysis. The study flow chart is shown in Fig. 1.

2.3 DNA Extraction and PCR Ampilification

Microbial DNA was extracted from fecal samples using the
E.Z.N.A.@ soil DNA Kit (Omega Bio-tek, Norcross, GA, U.S.)
according to the manufacturer’s protocols. The final DNA
concentration and purification were determined using a NanoDrop
2000 UV-Vis spectrophotometer (Thermo Scientific, Wilmington,
USA), and DNA quality was checked by 1% agarose gel
electrophoresis. The V3-V4 hypervariable regions of the bacterial
16S rRNA gene were amplified with the following primers:

Forward: 338 (5-ACTCCTACGGGAGGCAGCAG-3’)
Reverse: 806 (5-GGACTACHVGGGTWTCTAAT-3’)

The amplification was performed using a thermocycler PCR
system (GeneAmp 9700, ABI, USA). The PCR reactions were
conducted using the following program: 3 minutes of denaturation
at 95°C, 27 cycles of 30 seconds at 95°C, 30 seconds for
annealing at 55°C, 45 seconds for elongation at 72°C, and a final
extension at 72°C for 10 minutes. PCR reactions were performed
in triplicate in a 20 pmol/L mixture containing 4 pmol/L of 5 x
FastPfu Buffer, 2 ymol/L of 2.5 mmol/L dNTPs, 0.8 pmol/L of each
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Fig. 1 The study flow chart. CRC, colorectal cancer; AL, anastomotic leakage

primer (5 pmol/L), 0.4 pmol/L of FastPfu Polymerase, and 10 ng
of template DNA. The resulting PCR products were extracted from
a 2% agarose gel, further purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA, USA), and
quantified using QuantiFluor™-ST (Promega, USA) according to
the manufacturer’s protocol''"'.

2.4 lllumina MiSeq Sequencing

Purified amplicons were pooled in equimolar concentrations and
paired-end sequenced (2 x 300 bp) on an lllumina MiSeq platform
(Ilumina, San Diego, USA) according to the standard protocols by
Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China).

2.5 Processing of Sequencing Data

Raw fastq files were quality-filtered using Trimmomatic and
merged using FLASH with the following criteria: (1) Reads were
truncated at any site with an average quality score < 20 over a 50
bp sliding window; (2) Sequences with an overlap longer than 10
bp were merged according to their overlap, allowing for no more
than 2 bp mismatches; and (3) Sequences from each sample
were separated according to barcodes (exact matches) and
primers (allowing 2 nucleotide mismatching), and reads containing
ambiguous bases were removed. Operational taxonomic units
(OTUs) were clustered with a 97% similarity cut-off using UPARSE
(version 7.1 http://drive5.com/uparse/) with a novel ‘greedy’
algorithm that performed chimera filtering and OTU clustering
simultaneously. The taxonomy of each 16S rRNA gene sequence
was analyzed by the RDP classifier algorithm (http://rdp.cme.
msu.edu/) against the Silva (SSU123) 16S rRNA database with a
confidence threshold of 70%.
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2.6 Beta Diversity Analysis

Beta diversity analysis compares microbial community
compositions to assess differences. It yields a distance matrix
representing the dissimilarity between every pair of samples in
the community. (Non-metric multidimensional scaling (NMDS)
analysis was selected for comparing sample similarities between
two groups. NMDS simplifies, analyzes, and categorizes research
objects (samples or quantities) from a multi-dimensional space
into low-dimensional spaces while preserving the ability to analyze
raw relational data among objects. It treats the similarity or
dissimilarity data between objects as a monotonic function of point
distance. While maintaining the original data order relationship,
the original data are replaced with new identical data columns for
metric multidimensional scaling analysis.

Principal Coordinates Analysis (PCoA) is a non-constrained
data dimensionality reduction analysis method that uses various
distance algorithms for operations, providing better evaluation
than principal component analysis based solely on Euclidean
distance algorithm. Analysis of similarities (ANOSIM) is a non-
parametric test used to assess whether the difference between
groups is significantly greater than the difference within groups,
and its test value is used for PCoA analysis.

2.7 Statistical Software

The software Mothur (version_1.30.2) was used for alpha
diversity analysis. for non-metric multidimensional scaling (NMDS)
analysis, Qiime (version_1.9.1) was employe to calculate the
distance matrix of beta diversity. Subsequently, the R package
(version_3.4.3) was used for analysis and visualization. In
addition, Linear discriminant analysis Effect Size (LEfSe; http://
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huttenhower.sph.harvard.edu/galaxy/root?tool_id = lefse_upload)
was used for multi-level species difference discriminant analysis.

2.8 Statistical Analysis

Categorical variables were compared between groups using the
Chi-square test. For continuous variables, Student’s t test or the
Wilcoxon rank-sum test was employed depending on whether the
variables followed a normal distribution. All statistical analyses
were conducted using the statistical software package SPSS
25.0 (IBM Corp, Armonk, NY, USA). A P < 0.05 was considered
statistically significant, and correction of the P value was
performed for the false discovery rate (FDR).

3 Results
3.1 Propensity-score matching analysis

Gender, age, body mass index (BMI), American Society of
Anesthesiologists (ASA) score, tumor location, and TNM stage
were selected as variables for PSM (Table 1). The results
indicated no statistically significant differences between the
two groups in baseline data after PSM (P > 0.05). Furthermore,
there were no statistically significant differences in pathological
characteristics between the two groups after PSM (P > 0.05) (Table
2). With the interference of different baseline information on the
patients’ gut microbiota characteristics removed, the sequencing

data of 10 patients in the AG and 10 patients in the NG were
further analyzed using bioinformatics.

3.2 Basic information of sequencing

After quality filtration and removal of chimeras, a total of 1,160,840
high-quality sequences were obtained, with the average sequence
length concentrated in the 406 bp to 449 bp region. For further
analysis, operational taxonomic units (OTU) cluster analysis was
conducted for all valid sequences, and the minimum number of
sample sequences was used for leveling. Finally, 322 OTUs were
obtained after running the program. Subsequently, the Shannon
index was plotted against the sequencing data volume to generate
Shannon curves (Fig. 2). Initially, the curve rose rapidly, indicating
an increase in newly discovered strains with the sequencing
depth. As the sequencing depth increased, the curve gradually
approached a plateau, suggesting that the sequencing depth had
met the requirements, and all strains had been covered.

3.3 Alpha diversity analysis and community
composition analysis

Alpha diversity analysis is mainly used to evaluate the diversity
and richness of species composition within a sample!®. At the
OTU level, the samples from the two groups were compared for
differences in alpha diversity. The Ace index, Chao index, and

Table 1 Basic demographic characteristics before and after propensity score matching (PSM)

Characteristics Before PSM P value After PSM P value
AG (N=10) NG (N = 88) AG (N=10) NG (N=10)
Gender, N (%) 0.973 0.606
Male 8 (80.0) 70 (79.5) 8 (80.0) 7 (70.0)
Female 2(20.0) 18 (20.5) 2(20.0) 3(30.0)
Age, years, N (%) 0.193 0.653
260 4 (40.0) 54 (61.4) 4 (40.0) 5 (50.0)
<60 6 (60.0) 34 (38.6) 6 (60.0) 5 (50.0)
BMI (kg/m?), X s 227426 21.9+30 0.506 227£26 22.9+3.1 0.844
Tumor location, N (%) 0.990 0.865
Right-sided colon 2 (20.0) 18 (20.5) 2 (20.0) 2 (20.0)
Left-sided colon 3(30.0) 28 (31.8) 3(30.0) 2 (20.0)
Rectum 5 (50.0) 42 (47.7) 5 (50.0) 6 (60.0)
ASA score, N (%) 0.517 0.264
I 9(90.0) 72 (81.8) 9(90.0) 7 (70.0)
1I-1v 1(10.0) 16 (18.2) 1(10.0) 3(30.0)
TNM stage, N (%) 0.583 0.654
I 0 10 (11.4) 0 0
1 3(30.0) 28 (31.8) 3(30.0) 4(40.0)
I 6 (60.0) 37 (42.0) 6 (60.0) 4 (40.0)
v 1(10.0) 13 (14.8) 1(10.0) 2(20.0)

AG, anastomotic leakage group; NG, normal group; ASA, American Society of Anesthesiologists
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Table 2 Comparison of pathological outcomes after propensity score matching

Characteristics AG (N=10) NG (N=10) P value

T stage, N (%) 0.329
T.T, 2(20.0) 4 (40.0)
T/T, 8(80.0) 6 (60.0)
N stage, N (%) 0.639
Ny 3(30.0) 4 (40.0)
N4/N, 7(70.0) 6 (60.0)
Tumor maximum diameter (cm), N (%) 0.264
<5 1(10.0) 3(30.0)
25 9(90.0) 7 (70.0)
Grade, N (%) 0.717
Well differentiated 1(10.0) 2(20.0)
Moderately differentiated 7 (70.0) 7 (70.0)
Poor differentiated 2(20.0) 1(10.0)
Histology, N (%) 0.136
Adenocarcinoma 8(80.0) 10 (100.0)
Other types 2(20.0) 0
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Fig. 2 The Shannon curves reflect sequencing depth reach the requirement

Sobs index were selected to evaluate differences in species
richness between the two groups, while Shannon index and
Simpson index were selected to evaluate differences in species
diversity. The results indicated no statistically significant
difference in species composition diversity and richness
between the two groups (P > 0.05) (Table 3). Subsequently,
the top 15 genera in the abundance ranking were selected
to construct a community heatmap at the genus level. Visual
inspection of the heatmap allowed for the examination of
community composition differences between the two groups
(Fig. 3). It was observed that the abundance levels of each
genus varied between the two groups, suggesting potential
differences in community composition. Further beta diversity
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analysis deemed necessary to identify specific differences.

3.4 Beta diversity analysis

Beta diversity analysis compares microbial community
compositions to evaluate the differences between microbial
communities'”. In this study, we adopted principal coordinate
analysis (PCoA) and non-metric multidimensional scaling
(NMDS) analysis"""?. Two algorithms were used for PCoA
in this study. The weighted_unifric algorithm (R = 0.246, P =
0.012) and unweighted_unifric algorithm (R = 0.207, P = 0.008)
based on the OTU level revealed significant differences in the
principal components (Fig. 4). To assess the advantages and
disadvantages of NMDS analysis results, stress was calculated.
The stress values for analyses at the phylum (stress = 0.024),
class (stress = 0.075), order (stress = 0.081), family (stress =
0.141), genus (stress = 0.143), and species levels (stress = 0.149)
were all stress below 0.2, indicating significant differences in beta
diversity between the two groups (Fig. 5).

3.5 Significant test of differential microbiota between
two groups

At the phylum level, Proteobacteria showed a significant
difference between the AG group and the NG group (P = 0.021)
(Fig.6). At the genus level, there were statistically significant
differences in the richness of Streptococcus (P = 0.045),
Citrobacter (P = 0.008), and Klebsiella (P = 0.002) between the
AG and NG groups, with higher abundance observed in the NG
group (Fig.7). To further analyze the contribution of the abundance
differences of these three genera to the inter-group differences,
we used LEfSe multi-level species difference discriminant analysis
to generate a linear regression analysis (LDA) discriminant
column (Fig. 8). A higher LDA score indicates a greater influence
of the abundance of representative species on the observed
difference effect. The LDA threshold was set at 3.5. The results
suggested that Streptococcus, Citrobacter, and Klebsiella made
the highest contributions to the differences between the groups.

4 Discussion

The prevention and treatment of postoperative complications
of CRC are crucial measures to enhance the quality of life,
reduce recurrence, and improve patient prognosis. Among
these complications, anastomotic leakage (AL) after digestive
tract reconstruction has consistently been a focal point of
academic scrutiny. The occurrence of AL may result from
various factors, including demographic characteristics (such as
gender, BMI, etc.), oncological characteristics (such as tumor
diameter, local invasion, histological type, etc.), and surgical
factors (such as anastomotic techniques, instruments, blood
supply, etc.)®®. Furthermore, complications (such as diabetes,
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Table 3 Alpha diversity analysis outcomes

Index name AG NG P value
Simpson 0.10 + 0.06 0.20+0.16 0.089
Shannon 3.12+0.61 258 +0.72 0.086
Sobs 175.70 + 49.18 153.40 + 42.77 0.294
Chao 193.33 + 45.68 174.85 + 41.48 0.356
Ace 196.06 + 34.75 183.95 + 44.42 0.506

AG, anastomotic leakage group; NG, normal group
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hypoproteinemia, etc.), nutritional status, preoperative
radiotherapy, chemotherapy, and other factors may also be
associated with the occurrence of AL®®,

In recent years, the impact of biological factors, particularly
gut microbiota, on AL has garnered increasing attention from
researchers, leading to continuous research efforts in this
field. Several basic studies have been conducted, primarily
utilizing mouse models to simulate the process of digestive
tract reconstruction through intestinal segment resection and
anastomosis. By administering antibiotics combined with perfusion
and other treatments, researchers compared the occurrence of AL
with a normal saline perfusion group and analyzed differences in
mucosal colonization flora at the anastomotic site!®'®"".. However,
using animal models to simulate changes related to the occurrence
of AL and analyzing microbiota differences may introduce biases
that cannot fully reflect the real situation when AL occurs in
clinical patients. Furthermore, relevant clinical studies have
been undertaken, with researchers noting in a pilot study based
on a registered cohort that differences in mucosal colonization
flora might be related to the occurrence of AL"”. However, this
clinical study only considered age similarity when matching basic
information between groups, without comprehensively considering
demographic and oncological characteristics and other factors.
Additionally, the bioinformatics analysis conducted in the study
was relatively simplistic, potentially limiting the results.

In this study, we rigorously screened patients through strict
inclusion and exclusion criteria to ensure the use of non-interfering
fecal samples to reflect the inherent microbiota characteristics
of patients. By employing PSM to balance differences in basic
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information between groups, we reduced the impact of baseline
information differences on microbiota characteristics. Compared
to previous clinical research, our study's approach to controlling
variables suggests that our research results are less influenced
by confounding factors. Regarding treatment methods, all patients
underwent standardized CRC surgery performed by the same
experienced surgical team. This approach ensured uniformity
and standardization in anastomosis methods and instruments.
Furthermore, there was no significant differences in the medical
interventions and nursing methods received by patients during
the perioperative period, helping to mitigate the influence of other
confounding factors on the results to some extent.

Northeast China serves as a representative frigid zone, exhibiting a
higher incidence and mortality of CRC compared to other provinces
in China. The cold climate and associated lifestyle and dietary habits,
such as high protein, high-fat diets, and alcohol consumption, not
only contribute to the increased incidence of CRC but also influence
the characteristics of gut microbiota. To our knowledge, studies
exploring the association between gut microbiota and AL after CRC
surgery among patients from the frigid zone in northeast China are
lacking. Hence, we conducted this preliminary study. Furthermore,
we identified specific microbiota in CRC patients based on their
fecal samples before surgery, which could reflect the microbiota
characteristics of CRC patients preoperatively. Therefore, the
detection of gut microbiota before surgery may aid in predicting
the risk of AL after CRC surgery. However, the precise influence of
microbiota on AL and the potential mechanisms remain unclear and
warrant further research.

As a preliminary study based on clinical samples, this study
has several limitations. Firstly, the sample size is limited, which
may affect the generalizability of the findings. Secondly, the
occurrence of AL may be influenced by multiple factors. Despite
efforts to control variables, it is challenging to entirely exclude
the potential interference of other factors, particularly surgical-
related factors. Additionally, while preoperative fecal samples

2

ad
a

25 3

LDA SCORE (log10)
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obtained without medical intervention may reflect patients’
inherent microbiota characteristics, perioperative treatments could
potentially impact these characteristics. Hence, in future studies,
we plan to collect anastomotic mucosal colonization bacteria from
patients as the primary research samples and integrate them
with basic experiments for a more comprehensive understanding.
Furthermore, as e this study was retrospective rather than
prospective, selection bias and limitations of the PSM method
might have influenced the results. Despite these limitations, we
have presented the findings as a preliminary study to guide and
inspire future in-depth research in this field.
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