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Abstract

Introduction and hypothesis—Growing literature details the critical importance of the
microbiome in the modulation of human health and disease including both the gastrointestinal
and genitourinary systems. Rectovaginal fistulae (RVF) are notoriously difficult to manage, many
requiring multiple attempts at repair before correction is achieved. RVF involves two distinct
microbiome communities whose characteristics and potential interplay have not been previously
characterized and may influence surgical success.

Methods—In this pilot study, rectal and vaginal samples were collected from 14 patients

with RVF. Samples were collected preoperatively, immediately following surgery, 6-8 weeks
postoperatively and at the time of any fistula recurrence. Amplification of the 16S rDNA V3-V5
gene region was done to identify microbiota. Data were summarized using both a-diversity

to describe species richness and evenness and B-diversity to characterize the shared variation
between communities. Differential abundance analysis was performed to identify microbial taxa
associated with recurrence.

Results—The rectal and vaginal microbiome in patients undergoing successful fistula repair

was different than in those with recurrence (p-diversity, p= 0.005 and 0.018, respectively) and
was characterized by higher species diversity (a-diversity, p= 0.07 and p= 0.006, respectively).
Thirty-one taxa were enriched in patients undergoing successful repair to include Bacteroidetes,
Alistipes and Rikenellaceae as well as Firmicutes, Subdoligranulum, Ruminococcaceae UCG-010
and NK4AZ214 group.

Conclusions—Microbiome characteristics associated with fistula recurrence have been
identified. The association of higher vaginal diversity with a favorable outcome has not been
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previously described. Expansion of this pilot project is needed to confirm findings. Taxa associated
with successful repair could be targeted for subsequent therapeutic intervention.
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Introduction

Rectovaginal fistulae (RVF) are characterized by uncontrolled loss of stool and gas from
the vagina as a result of an abnormal communication with the rectum. Patients with RVF
experience devastating physical and psychosocial effects, including social isolation, sexual
dysfunction, vaginitis, cystitis and life-threatening infection. Fistula etiologies include
inflammatory bowel disease, infections, radiation therapy, surgical and obstetric trauma
[1, 2]. RVFs from obstetric trauma are most common and seen primarily in resource-poor
countries as a consequence of unattended obstructed labor; these account for 2 million
fistulae worldwide and 50,000-100,000 new cases annually [3].

The microbiome’s influence on human health and disease has been widely investigated
through the Human Microbiome Project [4]. The study of the microbiome relies on unique
features of the 16S rDNA gene (found only in Archaea and Bacteria) that can be amplified
through polymerase chain reaction (PCR) and used to identify individual organisms. Despite
increasing evidence for the role of the microbiome in gynecologic and colorectal pathology,
characterization of the microbiome in patients with rectovaginal fistula (RVF) has yet to

be explored, including any potential effect on RVF treatment success. Correction of RVF
may require multiple attempts that cumulatively increase the risk of infectious morbidity,
perioperative complications and healthcare costs, and recurrence rates as high as 67% have
been reported [5]. It is unknown whether there are pathologic changes in the vaginal and/or
rectal microbiome that predispose women to fistula recurrence or prime them for surgical
success.

The primary aim of this pilot study is to characterize the vaginal and rectal microbiome in
patients with rectovaginal fistula. The secondary aims are to collectively and longitudinally
evaluate changes in the microbiome and in quality of life measurements through the
perioperative course.

Materials and methods

This single-institution, IRB-approved (17-006551) pilot study involved the longitudinal
collection of vaginal and rectal microbial samples from women with RVF planning

to undergo surgical treatment from 1 January 2018 to 31 May 2019. Participants

with diagnosed rectovaginal fistula were identified and offered enroliment. Women with
colovaginal and enterovaginal fistula were not included in the study. Additional exclusion
criteria included: current pregnancy, current or recent history (within the past 4 weeks)

of antibiotic use, history of chemotherapy within 2 years of fistula surgery, prior pelvic
or abdominal radiation therapy, and current or planned intestinal diversion. Patient
demographic information was collected and included: age, BMI, menopausal status and
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tobacco use. Fistula size, etiology, location and history of prior repair were documented
as well. Fistula location was designated as low, mid or high [6] at the time of clinical
examination. The PROMIS-10 (Patient-Reported Outcomes Measurement Information
System) Global Health tool was completed by each patient at enroliment and once again
at their scheduled 6-8 week postoperative visit. This is a validated, ten-item measure of
mental and physical health-related quality of life that has been used to assess outcomes in
several surgical disciplines [7].

Microbial samples were obtained from the rectal and vaginal locations at several time points
for each patient. Preoperative (T1) vaginal and rectal samples were collected in clinic within
4 weeks of surgery or in the operating suite prior to initiation of intravenous antibiotics

and surgical site preparation. Immediate postoperative (T2) samples were collected by the
surgeon at the time of surgical site closure, prior to the patient leaving the operating room.
This collection occurred after administration of prophylactic antibiotics, betadine surgical
site preparation and intraoperative use of irrigation; mechanical bowel preparation was not
utilized. Finally, samples were collected at the scheduled postoperative visit 6-8 weeks
following surgery (T3) or earlier if fistula recurrence occurred (T3R). A patient interview
was completed 12 weeks following surgery to conclude study participation.

For each collection, two sterile, polyester-tipped swabs were held together and rotated over
the site of the fistula within each environment (i.e., vagina or rectum). Swabs were placed

in Hologic® Aptima transport tubes containing 2.9 ml of media and hand carried to our
Biospecimens Accessioning and Processing (BAP) facility where they were flash frozen to
—70°C and stored within 15 min of collection. They were accessioned into the Research and
Laboratory Information Management System (RLIMS) at this time for tracking purposes.
Once all specimens had been collected, the de-identified samples were sent to the University
of Minnesota Genomics Center for DNA extraction and 16S rDNA processing/sequencing.
The amount of DNA extracted from each sample was quantified using the Qubit dsSDNA

HS (High Sensitivity) Assay Kit. The DNA samples were then used to partially (V3-V5)
amplify the microbial 16S rDNA genes through a PCR. Controls of both the DNA extraction
and microbiome enrichment processes were performed; only one vaginal and one rectal
sample had a sequencing depth similar to the negative controls, and they were excluded from
analysis. The PCR product was subsequently purified using Agencourt® AMPure® and
quantified before sequencing. The 16S rDNA hypervariable tag sequencing was performed
using a high-throughput next-generation Illumina MiSeq (San Diego, CA, USA) sequencing
platform.

Bioinformatics processing of the 16S rDNA amplicon sequence reads was accomplished
with DADAZ? [8] (software package that models and corrects amplicon errors); this
effectively “de-noises” the sequence reads to identify ASV (amplicon sequence variants)

of true biological origin. The SILVA ribosomal RNA gene database project [9] was used

to assign taxonomic lineage based on Naive Bayes Classifier. Finally, FastTree [10] (a
bioinformatics method for constructing large phylogenies and for estimating their reliability)
was used to construct the phylogenetic tree among ASVs. A total of 5,531,556 sequence
reads (2586-137,573 reads per sample) were obtained (mean of 67,458 reads) after quality
control.
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To analyze the data (ASV table) we used measures of a-diversity, p-diversity and taxa
abundance. a-Diversity is used to measure the diversity within a sample; we used two
different metrics to calculate a-diversity. The first is the count of the number of different
microbes (ASV count) in a sample; this is called species richness. The second, the Shannon
Index, measures the richness in a sample as well as the distribution of different microbes
within that sample, called evenness. Evenness is a measure of the variation in the relative
abundance of different species in the sample. Since the a-diversity of a sample depends on
the sequence depth (the total number of reads), we rarefy the sample reads to an equal depth
in order to be comparable. We present these indices graphically with rarefaction plots; these
plot the number of ASVs versus the number of reads sampled. A linear model or linear
mixed effect model was used for testing the association of a-diversity with variables of
interest (e.g., recurrence status) while adjusting potential confounders (e.g., BMI).

The second measure, p-diversity, is a term for the comparison of samples to each

other. B-Diversity provides a measure of the ecological distance or dissimilarity between
bacterial communities. We calculated four different p-diversity measures [weighted UniFrac,
unweighted UniFrac, generalized UniFrac (o = 0.5) and Bray-Curtis], each providing a
unique view of community structure [11]. Weighted UniFrac measures the abundance

of observed ASVs and phylogeny, while the unweighted only compares the presence

or absence of ASVs and phylogeny. The generalized UniFrac unifies the weighted and
unweighted UniFrac distance into a single framework, while the Bray-Curtis distance is

a non-phylogeny-based method that also takes abundance into account. Rarefaction was
performed on the ASV table before calculating these distances. We used the PERMANOVA
test based on B-diversity measures to test for associations between the overall microbiota
composition and variables of interest and PERDISP for testing the difference in dispersion
(i.e., between-subject variability) between groups (both 999 permutations) [11]. Within-
subject permutation was used for the comparison within the subjects. Principal coordinate
analysis plots (PCoA) were used to graphically demonstrate these data. These plots project
the distance matrix into a new set of orthogonal axes on which the data are presented.
Typically, the first two axes (called PC1, PC2) can be used to depict or explain the maximum
amount of variation in the data.

Finally, we performed taxon-level differential abundance analysis at the phylum, class,
order, family and genus level to identify differences in the specific microbial genera of
each collected cohort. Taxa with prevalence < 10% or with a maximum proportion < 0.2%
were excluded to reduce the number of tests. The count data were normalized into relative
abundances by the GMPR [12] approach to address variable sequencing depth. To identify
differentially abundant taxa associated with variables of interest adjusting for potential
confounders, we fit a multiple linear regression based on the square-root transformed
normalized abundance. Permutation (999 permutations) based on the F-statistic was used
to assess the significance to address potential non-normality of the data. Within-subject
permutation was used for the comparison within the subjects. False discovery rate (FDR)
control (B-H procedure), which controls the percentage of the false positives in the claimed
positives, was used to correct for multiple testing at each taxonomic level, and FDR-adjusted
pvalues or g-values < 0.20 were considered significant (i.e., the expected percentage of the
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false positives in the result is < 20%). The relatively large FDR cutoff is used so as not to
miss differential low-abundance bacteria, which usually have low statistical power.

A total of 14 patients were enrolled into the study over a period of 18 months. Demographic
and baseline fistula information is given in Table 1. There were eight fistula recurrences
following surgery; all fistulas were of the “low” classification [6]. All surgical repairs
included excision of the fistula tract with closure. Concomitant surgeries included the use
of a flap in four cases (3 Martius, 1 Gracilis), an endorectal advancement flap in one case
and overlapping sphincteroplasty in four cases. Complications included one Martius flap
breakdown without fistula recurrence and one sphincteroplasty breakdown that required
return to OR for repair and bowel diversion.

Six of the eight recurrences had an average of three prior repair attempts before being
referred to our institution. The only demographic variable that was statistically significant
between those experiencing recurrence and those who did not was BMI (mean 33.1 vs. 25.6,
respectively, p=0.02). PROMIS quality of life scores are shown in Table 2; there were
significant differences in postoperative physical and mental health scores between patients
with and without fistula recurrence (p = 0.006 and p = 0.023, respectively). No differences
were appreciated preoperatively between groups.

Microbiome characterization

The distribution of the samples after quality control is shown in Table S1. The deep
sequencing of the V3-V5 16S rDNA region of all 82 samples resulted in the analysis of
16,723 ASVs. The ASVs belong to 15 phyla, 85 families and 339 genera. The dominant
taxa of the vaginal microbiome included Lactobacillus (16.2%), Bacteroides (9.4%) and
Prevotella (6.4%). The rectal dominant taxa included Bacteroides (14.6%), Parabacteroides
(5.8%), Prevotella (5.5%) and Faecalibacterium (5.4%) [Fig. S1].

We identified several unusual relationships not previously described in the literature. First,
our PCoA plot based on the weighted UniFrac distance from all time points combined (Fig.
1a) shows a significant degree of overlap and similarity between the vaginal and rectal
microbiome across the cohort, with the vaginal microbiome demonstrating greater between-
sample diversity (o= 0.004, PERDISP). Some taxa including Lactobacillus remained
differential between the vaginal and rectal microbiome [Fig. 1b]. The Bray-Curtis distances,
looking at samples collectively at T1 and T2, shows microbiome clustering significantly
more by patient than by site, meaning the vaginal microbiome of an individual is more
similar to their own rectal microbiome than to the vaginal microbiome of the remaining
cohort (and vice versa) (Fig. 2). Typically, in patients without fistula, the rectum has much
greater microbial diversity than the vagina, there is little overlap between the two and
clustering occurs more by site than by the individual.

After performing a PERMANOVA analysis again combining all cohort time points, we
found some evidence of microbiome association for several clinical variables for both the
vaginal and rectal samples. These include menopausal status, BMI and history of vaginal
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infection in the past 6 months (Fig. S2 and S3). Of these associations, BMI again is the only
measure that is significantly different between patients who recur and those who do not (p
= 0.029); we therefore adjusted for this potential confounder when comparing the rectal and
vaginal microbiota between the two groups.

Vaginal microbiome

We performed a comparative analysis of vaginal samples at each collection time point for
those with and without fistula recurrence. Reduced species richness (the number of observed
ASVs) approximating significance was seen preoperatively (T1) in patients who would
subsequently recur compared to those who would not (p = 0.07, Fig. S4). After adjusting

for BMI, the overall microbiota composition is shown to be markedly different between the
two groups as revealed by the p-diversity analysis (Bray-Curtis distance, p= 0.005, omnibus
pvalue = 0.013 Fig. 3b). Differential abundance analysis reveals 29 different taxa that are
depleted in patients with recurrence (Fig. 3c). The most significant included Firmicutes,
Subdoligranulum, Ruminococcaceaea UCG-010 and Ruminococcaceaea NK4A214 group as
well as Bacteroidetes, Alistipes and Rikenellaceae (Table S2).

When comparing T1 vs. T2 collections based on the p-diversity, we found that surgery
changes the overall vaginal microbiome composition (UniFrac, p=0.001, Fig. S5, S6).

The greatest effect was seen with Pseudomonadaceae, Xanthomonadaceae, Pseudomonas,
Ralstonia and Serratia, all of which decreased in those with subsequent fistula recurrence.
Because these species were present in similar levels in both recurrent and non-recurrent T1
samples, it appears that the surgical effect on T2 may not be related to recurrence. We found
no significant differences in recurrent vs. non-recurrent samples collected at T2.

Further analysis of non-recurrent subjects demonstrates a trend toward increased species
diversity of T1 relative to T3 (p=0.07, Fig. S7); no difference in diversity between T2 and
T3 is detected at this power (data not shown).

Rectal microbiome

The comparative analysis of the recurrent vs. non-recurrent rectal samples at each collection
time point after BMI adjustment also demonstrated a significant reduction in the a-diversity
measures of species richness/Shannon index from T1 samples of patients who would
subsequently recur compared to those who would not (Fig. 4a). Like the vaginal samples, the
overall microbial composition was different between the two groups as revealed by the beta-
diversity analysis (Bray-Curtis distance, p = 0.018, Fig. 4c). Differential abundance analysis
reveals 13 different taxa depleted in patients with recurrence; this showed significant overlap
with those in the vaginal sample with 11 of the 13 taxa in common (Fig. 4d, Table S3).

We again saw that surgery was associated with reduced species richness at T2 compared to
T1, especially for nonrecurrent samples (o= 0.008, Fig. S8). The overall microbiome change
affected Actinobacteria and Barnesiellaceae most significantly (Fig. S9). We again see no
difference in T2 samples between the two groups.

In the non-recurrent rectal cohort, the increased diversity in T3 relative to T2 (species
richness, p=0.07, Fig. S10) approximated significance but not to T1. This is the opposite of
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what was seen in the vaginal cohort. Rectal diversity was similarly decreased in all recurrent
samples (data not shown).

Discussion

We present a prospective cohort study in which the dominant taxa of the rectal and vaginal
microbiome has been characterized for the first time in patients with rectovaginal fistula;
31 taxa were found to be differentially depleted in subjects with recurrence. Though there
is significant species overlap, there remain two distinct microbial environments further
characterized by greater vaginal than rectal diversity across the cohort with microbiome
clustering more by individual than by site. These findings have not been previously
described and are the opposite of what is thought to normally occur in a healthy population
[13]. Most surprising was seeing increased vaginal diversity associated with a favorable
clinical outcome; this (unlike rectal diversity) is not typical.

The dominant taxa of the vaginal microbiome (recurrent or otherwise) was not characteristic
of the general population [14, 15]. Studies indicate that it is typically decreased microbial
diversity due to a predominance of lactobacillus that confers protection and overall health to
the vaginal environment [14-18]. Measures of alpha and beta diversity are greatest in those
microbiomes most closely resembling bacterial vaginosis to include those with diagnostic
Nugent scores [16, 17]. Though no large epidemiologic studies of vaginal pathology are
currently available for verification, several exploratory studies also support this line of
thought to include finding a decreased incidence of bacterial STIs, HSV-2, HIV infection
and viral shedding as well as high-risk HPV and cervical cancer in populations with a less
diverse microbiome and higher levels of Lactobillus [19-24].

The production of lactic acid and bacteriocins by lactobacilli typically maintain a pH of
about 4.2 in this particular environment (16); fecal material is basic, with an average

pH of 6.6 in otherwise healthy individuals. We suspect that contamination of the vaginal
microbiome with fecal material negates the ability to maintain an optimal vaginal pH

and thus allows the overgrowth of other microbial species. Vaginal diversity is likely
strongly influenced by the neighboring rectal diversity; the degree of diversity in the two
microbiomes mirrored each other in our work; where there was greater rectal diversity, there
was also greater vaginal diversity. Reasons for this are not clear; perhaps the less mobile,
lower pressure environment of the vagina facilitates the establishment and maintenance of
less common, protective microbiota that have passed through the fistula from the rectum.
This may also explain why higher vaginal diversity was unexpectedly associated with better
outcomes in our population. This may have been a reflection of greater rectal diversity,
which is known to be associated with health [13, 25-27]. Bacteria typically associated

with vaginal dysbiosis or bacterial vaginosis (e.g., Gardnerella, Prevotella, Mycoplasma,
Atopobium) were not among the 29 differentially abundant taxa associated with fistula
recurrence in our population.

The measurements taken post-surgery (T2) were done to help understand the microbiome
progression through the surgical repair process and potentially detect early signs of infection
or subclinical infection. It is interesting that at this study power the predictive differences
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in the microbiome present at T1 were not seen at T2. It appears that the diversity of the non-
recurrent group was more greatly impacted by the administration of preoperative antibiotics
and vaginal site preparation than the recurrent group. Intuitively, given the study outcomes,
a difference between the two groups likely persists at T2 and may be detectable with a
better powered study. Perhaps a relatively healthy vaginal/rectal microbiome recovers or
maintains its diversity after a single perioperative antibiotic dose better than the microbiome
predisposed to recurrence. Finally, it is plausible that the reduced vaginal diversity of T3
seen in the non-recurrent group relative to T1 is due to a relative increase in the contribution
of lactobacilli as this microbiome moves toward a more normal postoperative milieu—
decreasing its diversity in a healthy manner.

Increased rectal microbial diversity, unlike in the vaginal microbiome, is typically a marker
of health and better outcomes [13, 25-27]. Several taxa were associated with surgical
success including significantly higher levels of Firmicutes Faecalibacterium (a species with
well-described anti-inflammatory properties [28]), Ruminococcus and Christensenellaceae
as well as Bacteroides Alistipes and Rikenellaceae. These organisms have been associated
with improved outcomes in diverse conditions ranging from inflammatory bowel disease,
HIV, non-Hodgkins lymphoma and melanoma [27-31]. All of these, among many others,
were differentially abundant in our specimens (Table S2, S3).

In this group we also found that T1 and T3 had similarly increased diversity, while T2
remained distinct from both. This suggests a longitudinal return in diversity to mimic the
T1 milieu by the time T3 was collected 6-8 weeks postoperatively. As expected, similarly
decreased diversity persisted through all three samples collected in patients that would recur
(T1, T2 and T3R).

The trend toward a reduction in diversity at T3 relative to T1 in the vaginal cohort in
combination with the trend toward increased diversity at T3 relative to T1 in the rectal
cohort appears to describe a postoperative divergence in the two microbiomes to mimic what
would likely be seen in the unaffected healthy population. Higher rectal diversity and lower
vaginal diversity together are associated with health.

This pilot study is limited by its sample size and its heterogeneity. While it is interesting

to see a significant difference in the microbiome based on menopausal status, for example,
it does add a degree of confounding that affects the power of an already small study. This
will need to be accounted for to ensure subsequent studies are appropriately powered. Even
at this power, we were able to demonstrate significant differences between the two cohorts
that seem to predict surgical success. It is important to interpret the negative associations
with caution, as these may simply be results of underpowering. We are additionally limited
by a relatively homogeneous ethnic distribution of patients consistent with our largely mid-
western US referral base; this is not representative of the country’s demographics. Hispanic
and black ethnicities typically have a more diverse vaginal microbiome and a higher vaginal
pH at baseline than Asian and white women [17]; the findings may be different in these
groups.
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There is a potentially strong microbial influence on the successful repair of rectovaginal
fistulas. Organisms with known antimicrobial and anti-inflammatory properties are present
in higher proportions in these patients. These would intuitively counter the pro-inflammatory
RVF milieu and improve the post-surgical healing process. The composition of the rectal
microbiome with its significantly higher microbial burden and higher pressure environment
is likely facilitating the establishment and persistence of an atypically diverse vaginal
microbiome. The diversity of both areas may be a key modulator of surgical success. The
data obtained from this study will be used to guide a power analysis for future studies with
the goal of identifying women at risk of recurrence.

There are several potential clinical applications of these findings. Modification of the
vaginal or rectal microbiomes through a variety of approaches ranging from oral or vaginal
probiotic, prebiotic or synbiotic administration to fecal microbiota transplantation (FMT)
have shown promise in a multitude of disease states [32—35]. Using similar approaches
pre- and/or postoperatively could significantly improve the likelihood of surgical success in
patients with fistula. It is not inconceivable that decreasing inflammation through targeted
alteration of the microbiome could facilitate spontaneous closure in some cases. Since
many rectovaginal fistulae are the result of obstetric trauma, perhaps modulation of the
microbiome after the repair of third- or fourth-degree lacerations would reduce the risk

of primary fistula occurrence. Finally, because many probiotic formulations are relatively
inexpensive and stable in the absence of refrigeration, they could be readily utilized for
humanitarian work in underserved and disproportionately affected populations if benefit is
demonstrated. Extending this study to a larger population will allow for verification of our
findings and improve the ability to identify and study specifically targeted therapeutics that
will increase the likelihood of successful fistula repair on the first attempt.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
a Rectal and vaginal microbial -diversity. Principal coordinate analysis depicting the

relationship of the rectal and vaginal microbiomes. Weighted UniFrac measure of p-diversity
is used. PC1 and PC2: principal coordinate axis 1 and principle coordinate axis 2.
Significant overlap between the two microbiomes is seen, yet they are significantly distinct
(p=0.002). Greater between-subject vaginal diversity (o= 0.004). b Differential taxa
between the vaginal and rectal microbiomes. Rectal and vaginal diversity by individual
patient
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a Principal coordinate analysis demonstrating clustering by individual patient more than
microbiome site. Bray-Curtis dissimilarity measure of B-diversity. PC1 and PC2: principal
coordinate axis 1 and principle coordinate axis 2. Each subject is represented by a different
color. b The vaginal sample resembles the rectal sample from the same subject at T1
and T2. The Y-axis denotes the Bray-Curtis distance; a higher number indicates greater
dissimilarity. Vag2Vag: between-subject distance for the vaginal sample; Rec2Rec: between-
subject distance for the rectal sample; Rec2Vag: rectal-to-vaginal distance for the same
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subject. Rec2Vag was significantly more alike or “clustered” than VVag2Vag or Rec2Rec. The
microbiome composition of the vaginal T1 sample is associated with surgical outcome
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Fig. 3.
a The colored bars on the left depict the relative proportion of taxa. The taxa are hamed

in the middle portion of the figure and positioned adjacent to their color. b Principal
coordinate analysis based on Bray-Curtis dissimilarity. PC1 and PC2 stand for principal
coordinate 1 and 2. Yes indicates fistula recurrence; no indicates fistula non-recurrence. p
value indicates the distance or difference between the microbiome at T1 of patients who

will recur compared to those who will not. ¢ Taxa associated with surgical outcome in the
vaginal T1 sample. Plot of the relative proportion of each of the 29 taxa differentially present
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by surgical outcome. Yes indicates fistula recurrence; no indicates fistula non-recurrence.
The microbiome composition of the (or in the) vaginal T1 sample is associated with surgical
outcome
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Int Urogynecol J. Author manuscript; available in PMC 2021 September 06.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Leach et al.

Page 18

of species as a function of the sequencing depth. The bar on the two right-sided graphs
indicates the standard error of the mean. b The colored bars on the left depict the relative
proportion of taxa. The taxa are named on the right and positioned adjacent to their color. ¢
Principal coordinate analysis on Bray-Curtis dissimilarity. PC1 and PC2 stand for principal
coordinate 1 and 2. Yes indicates fistula recurrence; no indicates fistula non-recurrence. d
Taxa associated with surgical outcome in the rectal T1 sample. Plot of the relative proportion
of each of the 13 taxa differentially present by surgical outcome. Yes indicates fistula
recurrence; no indicates fistula non-recurrence. The microbiome composition in the rectal
T1 sample is associated with surgical outcome
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