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Anal fistula is a common perianal disease that typically develops from an abscess
caused by in-flammation in the area. It has long been believed that intestinal
microbes play a significant role in its development, considering its close relation
to the intestinal environment. This work attempts to identify the microbiomic
signatures of anal fistula, and putative sources of microbes by analyzing
microbiomes of 7 anal fistula-associated sites in 12 patients. This study found
that microbes in anal fistulas may originate from the skin surface in addition to the
intestinal tract. This finding was further validated by NMDS analysis, which also
indicated that the microbial communities in the inner and outer openings of the
fistula were more similar to their surrounding environments. Using MaAslin2, the
characteristics of the microbiome were examined, demonstrating a higher
similarity between the abundant bacteria in the anal fistula samples and those
found on the skin surface. Moreover, pin-to-pair analysis conducted on all
subjects consistently showed a higher abundance of skin-sourced bacteria in
anal fistulas. This study identifies the microbiomic signatures of anal fistula, and
provides novel insights into the origin of microorganisms in anal fistulas.

KEYWORDS

anal fistula, microbiome, source of microbes, 16S rDNA amplicon sequencing,
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Introduction

Anal fistula is a common perianal disease that refers to an abnormal infectious fistula of
the skin around the anal canal and rectum. The typical clinical manifestations encompass
severe pain, perianal swelling, bleeding, and purulent discharge, significantly impeding
patients’ social interaction, intimate relationships, and occupational engagements (de San
Ildefonso Pereira et al., 2002). In general, men have a prevalence of 12.3 cases per 100,000
population, while women have a prevalence of 5.6 cases per 100,000 population (Sainio,
1984). In China, the incidence of anal fistula accounts for 1.67% - 3.6% of the total number
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of anorectal diseases. The peak age of the incidence is 20-40 years
old, and the ratio of male to female is 5:1 to 6:1 (Dowling Enez and
Izarra Henriquez, 2020). Surgical management of anal fistula,
including anal fistulotomy, is effective for managing most simple
and complex anal fistula. Although the control and eradication of
anal fistula has achieved significant advancements, pathogenesis of
anal fistula remains controversial.

Nowadays, the cryptoglandular theory is a widely accepted
theory for the origin of anal fistula, suggesting that approximately
90-95% of anal fistula arise from anorectal abscesses (Parks, 1961;
Sainio, 1984). Through culturing pus from patients with anorectal
abscesses, both Eykyn and Grace (Eykyn and Grace, 1986) and
Toyonaga et al. (Toyonaga et al., 2007) found that Escherichia coli
and gut-specific Bacteroides are the absolute dominant flora in
cultured flora in patients with fistula, comparing to patients without
fistula. Similarly, many intestinal or skin microbiota, including
biofilm-producing E. coli, Enterococcus spp., Bacteroides fragilis,
Staphylococcus aureus, Klebsiella pneumoniae, Prevotella spp. and
Streptococcus viridans, were isolated from stool samples or anorectal
tissue samples in different perianal disease, such as inflammatory
bowel disease (IBD), Crohn’s disease (CD), anorectal abscess and
anal fistula (Tozer et al., 2015; Sugrue et al., 2017; Dowling Enez and
Izarra Henriquez, 2020; Jaiswal et al., 2021; Breton et al., 2022). In
general, the infection of gut-derived microorganisms was shown to
be closely related to the formation of anal fistula (Toyonaga et al,
2007; van Onkelen et al., 2013; Leach et al., 2021).

However, previous research on the microbiota of anal fistula
employed traditional culture methods, featured limited sample
sizes, and exhibited various drawbacks (Seow-Choen et al., 1992;
de San Ildefonso Pereira et al., 2002; Leach et al., 2021). The
advancement of sequencing technology, such as 16S rDNA
sequencing, allows for the identification of more abundant and
difficult-to-culture bacteria than traditional microbial culture,
resulting in a more effective methodology for microbiome
research (Johnson et al., 2019; Zhang et al., 2023). In the past few
years, several studies have examined the involvement of the gut
microbiota in anal fistula by utilizing 16S rDNA sequencing and
employing different experimental and control groups (van Onkelen
et al., 2013; Tozer et al., 2015; Haac et al., 2019; Qiu et al., 2022; Cai
et al.,, 2023). For example, Haac et al. compared patients’ stool and
fistula samples using 16S rDNA sequencing, and concluded that
Achromobacter and Corynebacterium were present at significantly
higher levels in fistula samples, whereas Bifidobacterium was
present at significantly higher levels in fecal samples than fistula
samples (Haac et al., 2019). In addition, both Qiu et al. (Qiu et al,,
2022) and Cai et al. (Cai et al., 2023) recruited anal fistula patients
and healthy individuals for their studies. 16S rDNA sequencing was
used to test the microbiome samples extracted from the intestinal
swab or feces. When compared to healthy controls, fecal samples
from anal fistula patients had a higher abundance of Prevotella spp.,
Megamonas, and Lachnospira, but a lower abundance of
Proteobacteria spp., Enterococcus, Bacteroides, and Klebsiella (Qiu
et al.,, 2022). However, Cai et al. found that Blautia,
Faecalibacterium, Ruminococcus, Coprococcus, Bacteroides,
Clostridium, Megamonas and Anaerotruncus were highly enriched
in anal fistula patients, while the microbiome of healthy individuals
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was enriched with Peptoniphilus and Corynebacterium (Cai et al.,
2023). Besides, there are other researchers collecting samples of
preoperatively, immediately following surgery, 6-8 weeks
postoperatively and at the time of any fistula recurrence in
patients with rectovaginal fistula, in order to explore microbial
taxa associated with recurrence. Their results showed that 31 taxa,
including Bacteroidetes, Alistipes and Rikenellaceae, were enriched
in patients undergoing successful repair (Leach et al,, 2021). It was
agreed that microbial compositions of anorectal fistulae samples
were distinct from that in stool samples or healthy individuals.
However, these studies have yielded inconsistent findings.

In this work, a more detailed investigation on the microbiomes
of anal fistula and putative origins of microbes was performed by
16S rDNA amplicon high-throughput sequencing, with samples
from seven different sites of same individuals. We collected the
samples of the outer opening of anal fistula, healthy buttock skin on
the opposite side of the outer opening of anal fistula, anal skin, inner
opening of anal fistula, healthy anal gland on the opposite side of
the inner opening of anal fistula, feces, and dissected anal fistula in
patients with anal fistula. The microbial compositions and
characteristics of different sites were analyzed to allow
comparison of microbiomic signatures of different sites, and more
importantly, to identify sources of microbes in anal fistula. This is a
novel approach in the investigations on anal fistula, which led to
novel findings as shown in this work.

Materials and methods
Sample acquisition

All the samples were collected between March and September
2023. Swabs were used to take samples from different sites of
patients who came to Qilu Hospital of Shandong University
(Qingdao) for anal fistula surgery.

For each participant, a sterile swab was used to swab 1) the outer
opening of anal fistula; 2) healthy buttock skin on the opposite side
of the outer opening of anal fistula; 3) anal skin; 4) inner opening of
anal fistula; 5) healthy anal gland on the opposite side of the inner
opening of anal fistula; 6) feces; 7) dissected anal fistula and then
stored in sterile 10% glycerol solution and transported to the
laboratory at low temperature (4°C).

DNA extraction and 16S rDNA
amplicon sequencing

Total DNA extractions of samples were performed using the
DNeasy® PowerSoil® Kit (Qiagen, Germany) according to the type
of sample and the manufacturer’s recommendations. 16S rDNA
profiling targeting the V3-V4 hypervariable region was performed
(341F: 5-CCTACGGGNGGCWGCAG-3’, 805R: 5-GACTA
CHVGGGTATCTAATCC-3’). The obtained fragments were
purified by VAHTS DNA Clean Beads (Vazyme Biotech Co.,Ltd.,
Nanjing.,China). Using VAHTS® Universal DNA Library Prep Kit
for MluminaV3, VAHTS DNA Adapters set3 - set6 for Illumina
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(Vazyme Biotech Co.,Ltd., Nanjing.,China) for library building.
Sequencing was performed with Illumina Novaseq 6000 platform
under PE250 mode. The primer sequences were removed using
QIIME2 v2021.4.0 (Bokulich et al., 2018). QIIME2 plugin vsearch
(with default sequence similarity of 97%), Operational Taxonomic
Units (OTU) classification was determined in Phylum, Genus and
Species level respectively. Reference alignment and taxonomic
assignments were based on the SILVA database (v138.1).

Data analysis and statistics

Weighted Unifrac distance was calculated with phyloseq
package on R platform. Hierarchal clustering was performed
using the UPGMA method. MaAsLin2 (Microbiome
Multivariable Association with Linear Models version 2.0) was
used to identify biomarkers of microbiomes using linear models.
ANOSIM and NMDS was performed with the vegan package on R
platform. All statistics were performed with Jamovi 2.3.21.0 or
Prism 9.4.1(681).

Results and discussion
Sample collection and sequencing

In order to study the microbiomic properties of anal fistula, and
identify the origin of microbes in anal fistula, samples were collected
from 12 patients suffering from anal fistula. Seven samples were
collected from each patient including (Figure 1): 1) skin swab
samples from the outer opening of anal fistula; 2) healthy buttock
skin swab samples on the opposite side of the outer opening of anal
fistula; 3) anal skin samples; 4) surface swab samples from the inner
opening of anal fistula; 5) swab samples of healthy anal gland on the
opposite side of the inner opening of anal fistula; 6) feces samples; 7)

Anal fistula

Anal skin

Healthy buttock skin Anal fistula outer opening

FIGURE 1
Sampling locations.
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samples from dissected anal fistula. These samples represent
possible sources of microbes in anal fistula. Subjects from whom
samples were collected include 10 male, 2 female, with an average
age of 43 years old. Second-generation 16S rDNA amplicon
sequencing was performed on these samples to find out the
microbiomic compositions of these samples.

The sampling locations from each patient were carefully
designed. The inner opening, outer opening, and the inside of
anal fistula were taken to represent the microbiomes associated with
the pathogenic structure. The healthy anal gland that’s directly
opposite to the inner opening of anal fistula represents a
background control for the inner opening, and the healthy
buttock skin that’s directly opposite to the outer opening of anal
fistula represents a background control for the outer opening. In
order to probe the putative origin of anal fistula microbes, fecal
samples were also taken to represent the most likely origin of
microbes from anal fistula. Anal skin samples were taken to
represent the boundary of anal canal and buttock skin.

Microbiomic compositions of collected
samples and proposed origins of microbes
from the anal fistula

The 16S amplicon sequencing and subsequent annotation
determined the microbiomic compositions of collected samples
(Figure 2; Supplementary Figures S1, S2). Similarly to most other
samples associated with human gastrointestinal tract, the majority
of bacteria from the collected samples belong to Proteobacteria,
Bacteroides, Firmicutes, and Actinobacteria phyla (Figure 2A). On
the genus level, Prevotella, Bacteroides, Escherichia-Shigella, and
Faecalibacterium are the most abundant genera (Figure 2B). Little
difference was found on o.-diversities when tested with paired t-tests
(Table 1). Unlike on the phylum level, microbiomic compositions
on the genus level showed a higher level of variability. This has
prompted us to further look into the relations between microbiomes
from different samples.

With hierarchal clustering of average microbiomes from anal
fistula (AF), feces, anal fistula outer opening (AFOO), anal fistula
inner opening (AFIO), anal skin (AS), healthy anal gland (HAG), and
healthy buttock skin (HBS) using weighted UniFrac distances, it can
be observed that these microbiomes are clearly clustered into two
distinct groups (Figure 3). Samples from within the anal canal (feces,
anal fistula inner opening, and healthy anal gland) are very similar in
compositions and form a cluster (Group 1), and samples from the
buttock including healthy buttock skin, anal skin, and anal fistula
outer opening are very similar in bacterial compositions and form a
second cluster (Group 2). Intriguingly, samples from anal fistula can
be clustered with Group 2, and showed similar bacterial compositions
with skin-originated samples. This has prompted us to propose that
bacteria from anal fistula may originate from the buttock skin in
addition to the feces, and that infections originated from the skin may
also be responsible for the development of anal fistula.

Further NMDS analysis supports this proposal. As shown in
Figure 4, microbiomes from Group 1 and Group 2 can be
statistically distinguished (p=0.001, ANOSIM), suggesting when
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FIGURE 2

Bacterial compositions of collected samples. (A) Phylum level; (B) Genus level.
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anal fistula microbiomes are clustered with other skin-originated
microbiomes, significant differences can be found from anal canal-
originated microbiomes.

Microbiomic signatures of anal fistula and
related microbiomes

MaAsLin2 is a linear model-based method for identification of
biomarkers from microbiomes, and was considered to cause fewer
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false positives comparing with its counterpart LefSe (Mallick et al.,
2021). This algorithm was therefore used to identify microbiomic
signatures of the microbiomes studied in this work. With a FDR
cutoft of 0.1, we found 15 taxa that showed significant increase or
decrease between Group 1 and Group 2 microbiomes (Table 2).
Group 1 microbiomes, aka the anal canal-related microbiomes were
enriched with Faecalibacterium, Escherichia-Shigella, Prevotella
(but not Prevotella timonensis), and Lachnospiraceae species, that
are common gut microbiome-related microbes. Group 2
microbiomes, aka the buttock skin-associated microbiomes and
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TABLE 1 Alpha diversities of microbiomes from different sampling locations.

Anal fistula
outer
opening

Healthy

Diversity Anal skin

buttock skin

Anal fistula
inner
opening

Healthy

anal gland Anal fistula

Chaol 199.73 + 60.12 174.30 + 36.45 225.71 + 37.78 175.38 + 58.89 228.42 + 184.71 147.60 + 41.63 176.73 + 56.61*

ACE 199.88 + 60.23 174.52 + 36.50 225.79 + 37.83 175.61 + 58.98 228.75 + 185.52 147.74 + 41.63 176.93 + 56.57*
Shannon 4.55 £ 0.61 4.55 + 047 4.68 £ 0.59 4.16 £ 0.69 4.18 £ 1.00 3.68 £ 1.20 443 £093
Simpson 0.90 + 0.06 0.91 + 0.05 0.90 + 0.04 0.86 + 0.07 0.86 + 0.08 0.79 £ 0.18 0.87 £ 0.10

*, statistically different from healthy buttock skin.

anal fistula microbiomes, were enriched with Anaerococcus,
Finegoldia, P. timonensis, Peptoniphilus species, and Negativicoccus.

Comparison between Group 2 microbiomes with anal fistula
microbiomes suggested that only Rothia was found to be enriched
in anal fistula samples (Supplementary Figure S3). This is in
agreement with our suggestion that anal fistula microbiomes are
clustered with Group 2 microbiomes, as only few differences can be
found between anal fistula and Group 2 microbiomes. Comparison
between Group 1 microbiomes with anal fistula microbiomes, on
the other hand, led to the finding of 20 genera enriched in anal
fistula (Table 3), again confirming that Group 1 microbiomes and
anal fistula microbiomes are significantly different. Interestingly,
Rothia was also enriched in anal fistula microbiomes. A further
inspection of the abundance of Rothia showed that it has an average
relative abundance of 1.15x10™ in anal fistula, significantly higher
than in Group 1 microbiomes (average 1.34x107, p=6.74x107>,
two-tailed t-test) and Group 2 microbiomes (average 1.92x107,
p=6.71x10"*, two-tailed t-test). Rothia is a human pathogen that has
been implicated in many infections and the development of
periodontal disease (Fatahi-Bafghi, 2021). The higher Rothia
abundance in anal fistula is an implication that this genus may

Group 1 Group 2
w
<
[}
m
| o
» 2 8
3 ,—j <
@
w
°e g
F T
FIGURE 3

Hierarchal clustering of microbiomes. AFIO, anal fistula inner
opening; HAG, healthy anal gland; AF, anal fistula; HBS, healthy
buttock skin; AS, anal skin; AFOO, anal fistula outer opening.
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play a role in the development of anal fistula. This, however, does
not suggest that Rothia’s role in anal fistula is concluded, as this
study only reports associational results that still require mechanistic
and etiological investigations for make such a strong claim.

The large number of selectively enriched bacterial groups in anal
fistula microbiomes versus Group 1 microbiomes prompted us to
wonder whether these bacterial groups may originate from buttock
skin-related microbiomes (Group 2 microbiomes). To verify this, the
relative abundances of these bacterial groups were compared between
Group 1 and Group 2 microbiomes (Supplementary Figures S4-515).
With pairwise comparison in each subject, we found that most of
these bacterial groups are present in a higher abundance in Group 2
microbiomes. With a total of 252 comparisons, in 144 comparisons
Group 2 microbiomes contain a higher abundance of these selectively
enriched bacterial groups in anal fistula, while in only 26 comparisons
Group 1 microbiomes contain a higher abundance. Particularly, for
may bacterial groups, especially the highly abundant bacteria, such as
Corynebacterium (12/12 samples), Staphylococcus (11/12 samples),
Anaerococcus vaginalis (11/12 samples), Acinetobacter guillouiae (9/
12 samples), Streptococcus anginosus (10/12 samples), Sphingomonas
(9/12 samples), Janthinobacterium (9/12 samples), Group 2
microbiomes showed a higher abundance comparing with Group 1
microbiomes. These results strongly suggest that the enriched
bacterial groups in anal fistula comparing with Group 1
microbiomes are also present with higher abundancies in Group 2
microbiomes, leading to the proposal that microbes in anal fistula
may have a skin origin in certain scenarios. Indeed, in certain cases
such as subject G22, anal fistula was populated with Pseudomonas at
high abundance (60.00%), while this bacterium is present at low levels
of intestine related samples: feces 0.08%, and healthy anal gland
0.09%. In contrary, in skin-related samples, Pseudomonas is an
abundant bacterium: healthy buttock skin 6.96%, and anal fistula
outer opening 3.75%. It is reasonable to propose that Pseudomonas in
anal fistula originate from the skin, as it is essentially absent within
normal intestinal tract.

Proposal of origin of microbes in
anal fistula

The clear and significant clustering of anal fistula microbiomes
with buttock skin-related microbiomes instead of anal canal-related
microbiomes is a surprise. The gastrointestinal tract is the largest
and most prominent reservoir and source of bacteria in the human
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FIGURE 4
NMDS analysis of microbiomes. p-values were calculated with ANOSIM.

body. It is natural to hypothesize that any infection in the
gastrointestinal tract is related to gut microbiota. Anal fistula, in
many cases, are developed from perianal abscess which is essentially
an infection. Therefore, we originally expected that microbiomes of
anal fistula are more closely related to anal canal-related
microbiomes. This surprising finding prompted us to further
analyze the microbiomes measured in this work.

TABLE 2 Microbiomic biomarkers of Group 1 and Group 2 samples.

Group

Biomarker 1 abundance

Another interesting observation is that the two openings of the
anal fistula were also found to carry microbiomes that are similar to
their surroundings: the inner opening to healthy anal gland, and the
other opening to healthy buttock skin. It appears that anal fistula
microbiomes do not impact the two openings.

Very few previous research studied the microbiomes of anal
fistula. In one of the few studies, the authors found the enrichment

Group Fold difference

2 abundance

More abundant in Group 1

Faecalibacterium 0.050 0.028 1.82 0.0732
Lachnospiraceae_UCG-010 sp. 2.13x107° 6.87x10* 3.10 0.0732
GCA-900066575 1.84x10™ 4.97x107 3.69 0.0732
Lachnospiraceae_UCG-010 1.92x10™ 4.16x10° 4.63 0.0732
Escherichia-Shigella 0.156 0.054 2.92 0.0860
Prevotella 0.206 0.114 1.80 0.0883

More abundant in Group 2
Anaerococcus 1.41x107° 0.018 12.5 0.0319
Finegoldia 7.32x107 0.035 4.80 0.0732
Peptoniphilus 3.40x107° 0.020 5.75 0.0732
Prevotella timonensis 6.60x10™ 7.21x107° 10.9 0.0732
Peptoniphilus lacrimalis 3.86x10™ 2.24x10°° 5.81 0.0860
Peptoniphilus coxli 7.27x107* 3.36x107° 463 0.0860
Negativicoccus 1.01x10* 1.72x10°° 17.0 0.0860
Peptoniphilaceae sp. 2.63x10°° 2.22x10™ 84.5 0.0860
Peptoniphilus obesi 9.66x10° 2.37x10™ 24.5 0.0951

Comparison was made with MaAsLin2.
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TABLE 3 Microbiomic biomarkers of anal fistula comparing with Group 1 samples.

Anal

fistula abundance Pl diisenss

Biomarker

Group 1 abundance

More abundant in anal fistula

Enhydrobacter 5.73x10™ 2.65x107° 21.6 7.95x107

Janthinobacterium 7.36x10™ 3.72x10° 19.8 7.95x107°

Rothia 1.15x10* 1.34x10°° 8.58 7.95x107
Sphingomonas 8.90x10™* 8.19x107° 109 0.011
Acinetobacter guillouiae 0.029 2.30x107° 12.7 0.016
Actinomyces 1.70x10™* 2.07x10° 8.21 0.018
Delftia 2.35x10™* 1.94x10 12.1 0.024
Caulobacteraceae sp. 4.25x107 2.10x10™ 20.2 0.026
Mitochondria 2.85x10™ 8.62x10°° 40.7 0.026
Streptococcus anginosus 0.012 6.50x10™* 18.0 0.035
Stenotrophomonas 2.66x10™ 1.41x10°7 18.8 0.035
Bradyrhizobium 1.21x107 5.34x10° 22.7 0.039
Pelomonas 1.38x10°° 2.09x10™* 6.62 0.040
Schaalia turicensis 2.87x107 2.23%x10™ 12.9 0.078
Corynebacterium 3.64x107° 5.20x10™ 7.00 0.081
Staphylococcus 4.39x107° 3.21x10™* 12.7 0.083
Chryseobacterium 2.20x10 7.78x10°° 28.3 0.083
Anaerococcus 5.84x107° 1.41x10° 4.14 0.085
Muribaculaceae sp. 1.72x10° 1.18x10°? 1.46 0.085
Diaphorobacter 1.34x10° 1.26x107 106 0.088

More abundant in Group 1

Alloprevotella 4.14x107° 9.38x107° 2.27 0.088

Comparison was made with MaAsLin2.

of Achromobacter and Corynebacterium in anal fistula samples
(Haac et al,, 2019). The enrichment of Corynebacterium was also
found in this work. There are even fewer investigations on where
the microbes in anal fistula originates. Most of the work focused on
the microbiomic compositions of fecal samples of anal fistula
patients. This work presents a novel study comparing the
microbiomes of different samples from anal fistula patients, with
the goal of proposing the origin of microbes in anal fistula.
Unlike what we originally expected, this work led to the proposal
that anal fistula microbes can originate from other sources in addition
to the intestinal microbiota, including buttock skin. This is supported
by several analyses, including the similar microbiomic composition of
anal fistula with buttock skin-related samples, the similar increase of a
set of bacterial groups in buttock skin-related samples and anal fistula
samples versus anal canal-related samples, the apparent extra-
gastrointestinal source of certain increased bacterial groups in anal
fistula (Staphylococcus and Anaerococcus vaginalis, for instance), and
the finding that in a subject the populating microbes in anal fistula are
absent in the intestinal tract. All evidences point to the theory that
microbial groups enriched in anal fistula-which are possibly what

Frontiers in Cellular and Infection Microbiology

caused anal fistula- can also originate from buttock skin. Due to the
limited sample sizes in this work, we would like to recommend more
sophisticated studies to confirm this finding. Nevertheless, this
proposal provides us with a likely surprising hypothesis for the
origin of microbes in anal fistula.

Conclusion

This study investigated the microbiomes of different samples
from anal fistula patients, and compared their compositions. Our
most prominent finding is that the microbiomes of anal fistula are
closer to the buttock skin-related microbiomes than the anal canal-
related microbiomes. Further comparison led to the proposal that
the microbes in anal fistula can also originate from the buttock skin,
in addition to the gastrointestinal tract. It is also observed that
Rothia may play a role in the development of anal fistula. This work
represents a detailed comparison of microbiomes from different
samples of anal fistula patients, and provided evidence that led to
the proposal of origins of microbes in anal fistula.

frontiersin.org


https://doi.org/10.3389/fcimb.2024.1332490
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Yang et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee of Qilu Hospital of Shandong University (Qingdao)
under approval number KYLL-2023045. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. The study was
conducted in accordance with the Declaration of Helsinki, and
were approved by Medical Ethics Committee of Qilu Hospital of
Shandong University (Qingdao) under approval number KYLL-
2023045. The study was conducted in accordance with the local
legislation and institutional requirements. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

JY: Writing - original draft. LL: Writing - original draft. WYS:
Writing — original draft. SZ: Writing - original draft. HX: Writing -
review & editing. MW: Funding acquisition, Writing - review &
editing. WLS: 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 the Foundation of Qingdao Key Health Discipline

References

Bokulich, N. A., Kaehler, B. D,, Rideout, J. R, Dillon, M., Bolyen, E., Knight, R,, et al.
(2018). Optimizing taxonomic classification of marker-gene amplicon sequences with
QIIME 2’s q2-feature-classifier plugin. Microbiome 6, 90. doi: 10.1186/540168-018-0470-z

Breton, J., Tanes, C., Tu, V., Albenberg, L., Rowley, S., Devas, N., et al. (2022). A
microbial signature for paediatric perianal Crohn’s disease. J. Crohns Colitis 16, 1281~
1292. doi: 10.1093/ecco-jcc/jjac032

Cai, P, Rong, H., Zhu, Q., Dai, X, and Zhao, J. (2023). The potential roles of gut
microbiome in anal fistula. AMB Express 13, 58. doi: 10.1186/s13568-023-01560-9

de San Ildefonso Pereira, A., Maruri Chimeno, I., Facal Alvarez, C., Torres, ., and
Casal, J. E. (2002). Bacteriology of anal fistulae. Rev. Esp Enferm Dig 94, 533-536.

Dowling Enez, V. E., and Izarra Henriquez, C. V. (2020). Anal abscess microbiology
as an anal fistula predictor microbiologia de abscesso anal como preditivo de fistula
anal. J. Coloproctol 40, 129-134. doi: 10.1016/j.jcol.2019.11.489

Eykyn, S. J, and Grace, R. H. (1986). The relevance of microbiology in the
management of anorectal sepsis. Ann. R Coll. Surg. Engl. 68, 237-239.

Fatahi-Bafghi, M. (2021). Characterization of the Rothia spp. and their role in
humanclinical infections. Infection, Genetics and Evolution 93, 104877. doi: 10.1016/
j.meegid.2021.104877

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2024.1332490

Development Fund under grant number QDZDZK-2022098,
National Key Research and Development Program of China
under grant number 2021YFE0199800; Key R&D Program of
Shandong Province under grant number 2020CXGC011305;
Shandong Provincial Natural Science Foundation under grant
number ZR2020MH308; and the National Natural Science
Foundation of China under grant number 82271658.

Acknowledgments

We would like to thank Wuhan Benagen Technology Co., Ltd
for 16S rDNA amplicon sequencing.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1332490/

full#supplementary-material

Haac, B. E., Palmateer, N. C,, Seaton, M. E., VanYPeren, R, Fraser, C. M., and
Bafford, A. C. (2019). A distinct gut microbiota exists within Crohn’s disease-related
perianal fistulae. J. Surg. Res. 242, 118-128. doi: 10.1016/j.js5.2019.04.032

Jaiswal, P., Sharma, S., Pratap, A., Ansari, M., Shukla, V. K, Basu, S., et al. (2021).
Significant presence of biofilm-producing gut-derived bacteria in anal fistula of chronic
duration. Int. Wound J. 18, 519-524. doi: 10.1111/iwj.13551

Johnson, J. S., Spakowicz, D. J., Hong, B.-Y., Petersen, L. M., Demkowicz, P. , Chen,
L., et al. (2019). Evaluation of 16S rRNA gene sequencing for species and strain-level
microbiome analysis. Nat. Commun. 10, 1-11. doi: 10.1038/s41467-019-13036-1

Leach, D. A,, Chen, J., Yang, L., Chua, H. K., Walther-Antonio, M. R. S., and
Occhino, J. A. (2021). Microbiome diversity predicts surgical success in patients with
rectovaginal fistula. Int. Urogynecol J. 32, 2491-2501. doi: 10.1007/s00192-020-
04580-2

Mallick, H., Rahnavard, A., Mclver, L. J., Ma, S., Zhang, Y., Nguyen, L. H,, et al.
(2021). Multivariable association discovery in population-scale meta-omics studies.
PLOS Computational Biology 17, €1009442. doi: 10.1371/journal.pcbi.1009442

Parks, A. G. (1961). Pathogenesis and treatment of fistula-in-ano. Br. Med. J. 1, 463
469. doi: 10.1136/bmj.1.5224.463

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2024.1332490/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1332490/full#supplementary-material
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1093/ecco-jcc/jjac032
https://doi.org/10.1186/s13568-023-01560-9
https://doi.org/10.1016/j.jcol.2019.11.489
https://doi.org/10.1016/
j.meegid.2021.104877
https://doi.org/10.1016/
j.meegid.2021.104877
https://doi.org/10.1016/j.jss.2019.04.032
https://doi.org/10.1111/iwj.13551
https://doi.org/10.1038/s41467-019-13036-1
https://doi.org/10.1007/s00192-020-04580-2
https://doi.org/10.1007/s00192-020-04580-2
https://doi.org/10.1371/journal.pcbi.1009442
https://doi.org/10.1136/bmj.1.5224.463
https://doi.org/10.3389/fcimb.2024.1332490
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Yang et al.

Qiu, J. M, Yang, G. G, Wang, D, Chen, ]. M., Shen, Z, and Shao, S. X. (2022). Detection
and analysis of intestinal flora diversity in patients with complex anal fistula. Zhonghua Wei
Chang Wai Ke Za Zhi 25, 792-797. doi: 10.3760/cma.j.cn441530-20220412-00142

Sainio, P. (1984). Fistula-in-ano in a defined population. Incidence and
epidemiological aspects. Ann. Chir Gynaecol 73, 219-224.

Seow-Choen, F., Hay, A. ]., Heard, S., and Phillips, R. K. (1992). Bacteriology of anal
fistulae. Br. J. Surg. 79, 27-28. doi: 10.1002/bjs.1800790107

Sugrue, J., Nordenstam, J., Abcarian, H., Bartholomew, A., Schwartz, J. L., Mellgren,
A., et al. (2017). Pathogenesis and persistence of cryptoglandular anal fistula: a
systematic review. Tech Coloproctol 21, 425-432. doi: 10.1007/s10151-017-1645-5

Toyonaga, T., Matsushima, M., Tanaka, Y., Shimojima, Y., Matsumura, N.,
Kannyama, H., et al. (2007). Microbiological analysis and endoanal ultrasonography

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2024.1332490

for diagnosis of anal fistula in acute anorectal sepsis. Int. J. Colorectal Dis. 22, 209-213.
doi: 10.1007/s00384-006-0121-x

Tozer, P. J., Rayment, N., Hart, A. L., Daulatzai, N., Murugananthan, A. U., Whelan,

K., et al. (2015). What role do bacteria play in persisting fistula formation in idiopathic
and Crohn’s anal fistula? Colorectal Dis. 17, 235-241. doi: 10.1111/codi.12810

van Onkelen, R. S., Mitalas, L. E., Gosselink, M. P., van Belkum, A., Laman, J. D., and
Schouten, W. R. (2013). Assessment of microbiota and peptidoglycan in perianal fistulas.
Diagn. Microbiol. Infect. Dis. 75, 50-54. doi: 10.1016/j.diagmicrobio.2012.09.012

Zhang, M., Ma, Y., Xu, H., Wang, M., and Li, L. (2023). Surfaces of gymnastic
equipment as reservoirs of microbial pathogens with potential for transmission of
bacterial infection and antimicrobial resistance. Front. Microbiol. 14. doi: 10.3389/
fmicb.2023.1182594

frontiersin.org


https://doi.org/10.3760/cma.j.cn441530-20220412-00142
https://doi.org/10.1002/bjs.1800790107
https://doi.org/10.1007/s10151-017-1645-5
https://doi.org/10.1007/s00384-006-0121-x
https://doi.org/10.1111/codi.12810
https://doi.org/10.1016/j.diagmicrobio.2012.09.012
https://doi.org/10.3389/fmicb.2023.1182594
https://doi.org/10.3389/fmicb.2023.1182594
https://doi.org/10.3389/fcimb.2024.1332490
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Microbiomic signatures of anal fistula and putative sources of microbes
	Introduction
	Materials and methods
	Sample acquisition
	DNA extraction and 16S rDNA amplicon sequencing
	Data analysis and statistics

	Results and discussion
	Sample collection and sequencing
	Microbiomic compositions of collected samples and proposed origins of microbes from the anal fistula
	Microbiomic signatures of anal fistula and related microbiomes
	Proposal of origin of microbes in anal fistula

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


