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Abstract

Background—The gut microbiome plays a role in the regulation of the immune system.

Methods—We prospectively enrolled 26 kidney transplant recipients and collected serial fecal

specimens (N=85) during the first three months of transplantation. We characterized bacterial

composition by PCR amplification of the 16S rRNA V4-V5 variable region and deep sequencing

using the Illumina® MiSeq platform.

Results—An increase in the relative abundance of Proteobacteria was observed in the post-

transplantation specimens compared to pre-transplantation specimens (P=0.04, Wilcoxon signed-

rank test). In patients with post-transplant diarrhea, the mean(±SD) Shannon diversity index was

lower in those with diarrhea (N=6) than those without diarrhea (N=9) (2.5±0.3 vs. 3.4±0.8,

P=0.02, Wilcoxon rank-sum test). Principal coordinate analysis (PCoA) showed clear separation

between the two groups, and linear discriminant analysis effect size (LEfSe) method revealed that

Bacteroides, Ruminococcus, Coprococcus, and Dorea were significantly lower in the patients with

diarrhea. PCoA analysis also showed clear separation between the acute rejection (AR) group

(N=3) and the no AR group (N=23) and LEfSe method revealed several significant differences
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between the two groups. Fecal abundance of Enterococcus was associated with Enterococcus

urinary tract infection (UTI). The median Enterococcus fecal abundance was 24% (Range: 8% to

95%) in the 3 patients with Enterococcus UTI compared to 0% in the 23 patients without

Enterococcus UTI (Interquartile range: 0.00% to 0.08%)(P=0.005, Wilcoxon rank-sum test).

Conclusions—Our pilot study identified significant alterations in the gut microbiota following

kidney transplantation. Moreover, distinct microbiota structures were observed in allograft

recipients with post-transplant diarrhea, AR, and Enterococcus UTI.
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INTRODUCTION

The Human Microbiome Consortium has catalogued the rich diversity in microbial structure

and function and habitat-related microbial speciation in healthy individuals (1). While the

diversity within the healthy population poses challenges in developing disease-specific

microbial signatures, it is encouraging that Oh et al found in a study of ileal microbiota from

19 small bowel transplants recipients that the relative compositions of multiple bacterial taxa

are diagnostic of acute rejection (2). Moreover, alterations in the gut microbiota do not

appear to be restricted to small bowel transplants. Taur and colleagues found marked

disruption of intestinal flora in human recipients of allogeneic stem cell grafts and that the

alterations in microbial structure was informative of risk for bacteremia (3).

In this pilot study, we extracted DNA from 85 fecal specimens collected from 26 kidney

allograft recipients and characterized the gut microbiota by PCR amplification of the 16S

rRNA V4–V5 variable region and deep sequencing using the Illumina® MiSeq platform.

We examined whether alterations in microbial composition occur following transplantation,

and whether post-transplant complications such as diarrhea, acute rejection (AR), and

urinary tract infection (UTI) are associated with alterations in relative microbial abundance.

RESULTS

Characteristics of the Kidney Transplant Cohort

We characterized the microbiota of 85 fecal specimens collected from 26 allograft

recipients. At least two specimens from each recipient were collected within the first 90 days

of transplantation (Table S1, Supplemental Digital Content [SDC]). Among the 26

recipients, 24 received a kidney allograft alone and 2 received simultaneous kidney and

pancreas allografts (SPK). Table 1 is a summary of the characteristics of the 26 patients.

Data at the individual patient level are provided in Table S2.

16S rRNA Deep Sequencing for the Characterization of the Gut Microbiota

DNA was extracted from each fecal specimen; the 16S rRNA V4–V5 variable region was

amplified using PCR; and the purified PCR products were sequenced on an Illumina®

MiSeq platform. A total of 1,946,273 high quality 16S rRNA-encoding sequences were
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obtained from these 85 fecal specimens. From the total reads, a maximum of 5000 reads per

specimen were randomly selected for computation and the results reported herein are based

on 4,764±777 (mean±SD) reads per fecal specimen.

Changes in Fecal Microbiota Following Transplantation

Five of 26 recipients provided a fecal specimen prior to transplantation and prior to the

initiation of induction therapy/preoperative antibiotic prophylaxis and a second specimen

approximately 2 weeks following transplantation. All 5 received induction therapy with anti-

thymocyte globulin, pre-operative antibiotics with cefazolin, and Pneumocystis jiroveci

pneumonia (PCP) prophylaxis with trimethoprim/sulfamethoxazole. The gut microbiota in

the 5 pretransplant specimens from the 5 recipients had a higher abundance of Firmicutes to

Bacteroidetes when compared to the composition in the healthy general population, as

characterized by the Human Microbiome Consortium (1) but similar to the abundance

reported in a study of patients with end-stage renal disease (4).

Figure 1 shows the alterations in the fecal microbiota following transplantation at the level

of genus (Fig. 1A), phylum (Fig. 1B), and order (Fig. 1C, Table S3). At the phylum level,

the relative abundance of Proteobacteria increased from 0.9% in the pre-transplant

specimens to 4.1% in the post-transplant specimens (P=0.04, Wilcoxon signed-rank test)

(Fig. 1B and Table S3). At the order level, the relative abundance of Erysipelotrichales

increased from 5.6% to 10.2% (P=0.04) and Enterobacteriales from 0.4% to 3.9% (P=0.04)

(Fig. 1C and Table S3).

The Shannon diversity index is a measure of microbial species diversity in a community.

The index reflects its richness, that is the number of different species in an environment, and

its evenness, that is the relative abundance of each species in that environment (5). A low

diversity as measured by the Shannon diversity index has been associated with disease states

like inflammatory bowel disease (6). The mean(±SD) Shannon diversity index in the pre-

transplantation samples was 3.7±0.3 and 3.1±0.8 in the post-transplantation samples

(P=0.22, Wilcoxon signed-rank test).

Post-Transplantation Diarrhea and the Fecal Microbiota

Six patients developed diarrhea within the first month of kidney transplantation. The median

time from transplantation to the occurrence of diarrhea was 10.5 days. The median number

of bowel movements per day was 4 and the median duration of diarrhea was 4.5 days.

We compared the microbial composition in the 6 fecal specimens collected from the 6

patients during an episode of diarrhea to the microbial composition in 9 time-matched fecal

specimens from the 9 recipients who did not develop diarrhea. We selected these 9 patients

for comparison since these patients received similar induction with anti-thymocyte globulin

therapy as the 6 patients with diarrhea. They also had similar preoperative antibiotic

prophylaxis with cefazolin, PCP prophylaxis therapy with trimethoprim/sulfamethoxazole,

and maintenance immunosupression with tacrolimus and mycophenolic acid. No additional

antibiotics were administered prior to the studied time frame.
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The Shannon diversity index was significantly lower in the samples collected from the

patients with diarrhea compared to the time-matched fecal specimens collected from the

patients without diarrhea (2.5±0.3 vs. 3.4±0.8, respectively) (P=0.02, Wilcoxon rank-sum

test).

We utilized principal coordinate analysis (PCoA) to analyze differences between the

diarrhea and no diarrhea cohort. PCoA is an analytical tool to investigate the dissimilarity

between different communities using a distance matrix that is based on an N dimensional

coordinate system where N is the number of samples (7). The distance matrix can be created

using UniFrac which measures the phylogenetic distances between sets of taxa as the

fraction of the branch length of the tree that leads to descendants from one environment or

another (7). Importantly, the analysis can be represented in two-dimensional space, allowing

for an exploration of the differences between groups of bacterial communities. The analysis

provides an overall comparison of bacterial communities but does not identify differences in

specific taxa.

PCoA of the diarrhea cohort and the no diarrhea cohort shows clear separation between the

two groups (Fig. 2A). Table S4 shows the differences in the mean relative abundances at the

phylum and order levels. At the phylum level and order level, the abundance of

Bacteroidetes (P=0.007) and Bacteroidales (P=0.007) were lower in the fecal specimens

from the patients with diarrhea than in the specimens from the patients without diarrhea

(Wilcoxon rank-sum test) (Fig. 2B and 2C, Table S4).

We utilized the linear discriminant analysis effect size (LEfSe) method to compare taxa

between the diarrhea vs. no diarrhea groups. The LEFSe method is an algorithm for

biomarker discovery that identifies differently abundant taxa (e.g. Escherichia coli) between

two or more groups (8). It utilizes the non-parametric Kruskal-Wallis statistical test to

compare all taxa at different taxonomic levels between groups and then paired Wilcoxon

Rank Sum tests among subgroups. It builds a linear discriminant analysis (LDA) model

which utilizes continuous independent variables to predict one dependent variable (e.g.

diarrhea vs. no diarrhea) and provides an effect size for the significantly different taxa (8).

LEfSe method revealed that the phylum, Bacteroidetes, and its derivative, Bacteroides, as

well as Ruminococcus, Coprococcus, and Dorea are all significantly higher in the fecal

specimens from the patients without diarrhea and conversely, significantly lower in the fecal

specimens from the patients with diarrhea (Fig. 2D). Clostridium difficile was not detected

in the fecal specimens from 5 of the 6 patients with diarrhea.

A cladogram that highlights the relationship between the significantly different taxa is

shown in Fig. 2E. A cladogram is a diagram that provides the relationship between taxa at

different taxonomic levels (e.g. Bacteroides (genus) is under Bacteroidales (order) which is

under Bacteroidetes (phylum)). A single clade is a group of organisms with a common

ancestor (e.g. Bacteroidetes is a common ancestor for all of the genera under it). Whereas

Fig. 2D lists the significantly different taxa based on effect size, Fig. 2E represents the

significantly different taxa in a tree like structure and reveals how the significantly different

taxa are interrelated.
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Acute Rejection, UTI and Fecal Microbiota

Three of the 26 allograft recipients experienced a biopsy-confirmed acute rejection within

the first 90 days of transplantation. Patient 2 (SPK recipient) underwent a clinically

indicated kidney allograft biopsy on post-transplant day 23 and the biopsy showed mixed

acute T cell mediated cellular rejection (ACR) and acute antibody mediated acute rejection

(AMR); patient 18 (Kidney alone recipient) had a biopsy on post-transplant day 7 that was

diagnosed as AMR; and patient 26 (Kidney alone recipient) had a biopsy on post-transplant

day 64 that was diagnosed as ACR.

We compared the gut microbial composition in the fecal samples from the acute rejection

recipients (AR Cohort, N=3) to time-matched control samples from the recipients without

acute rejection (no AR Cohort, N=23) (Fig. 3 and Table S5). Principal coordinate analysis of

the AR Cohort and the no AR Cohort is presented in Fig. 3A and shows clear separation

between the two groups. At the phylum level, Bacteroidetes was lower in the AR cohort than

in the no AR cohort (0.02% vs. 3.1%, P=0.03, Wilcoxon rank-sum test) (Fig. 3B and Table

S5). At the order level, Lactobacillales was higher in the AR cohort than in the no AR cohort

(49.9% vs. 12.7%, P=0.04) while Clostridiales (16.9% vs. 63.1%, P=0.01) and

Bacteroidiales (0.02% vs. 3.1%, P=0.03) were lower in the AR cohort than in the no AR

cohort (Fig. 3C and Table S5).

LEfSe method to compare taxa between the AR cohort and the no AR cohort revealed

several significantly different taxa. The AR cohort had higher relative abundance of

Lactobacillales, Enterococcus, Anaerofilum, and Clostridium tertium. The AR cohort also

had lower relative abundance of Clostridiales, Bacteroidales, and Lachnospiraceae and that

of Blautia, Eubacterium dolichum, Ruminococcus, and Bacteroides (Fig. 3D). A cladogram

representing the phylogenetic relationships among the significantly different taxa is shown

in Fig. 3E.

The 3 patients with an episode of AR had treatment with multiple antibiotics for infections

prior to the occurrence of AR. Table S6 lists the antibiotics and the infectious complications

including the date of diagnosis and duration of antibiotic therapy. In 2 of the 3 recipients

with AR, fecal specimens collected prior to the development of acute rejection were

available to document antibiotic therapy associated changes in microbial composition.

Supplementary figure S1A shows the changes in the microbiota of these two patients

following administration of antibiotics and Fig. S1B shows the marked decrease in Shannon

diversity index following administration of antibiotics. In contrast, neither marked

perturbations in microbial composition nor major decreases in the Shannon diversity index

were observed in 5 recipients who did not received additional antibiotics or experienced an

episode of acute rejection (Fig. S1A and Fig. S1B, respectively).

Three kidney transplant recipients developed Enterococcus urinary tract infection (UTI).

Figure 4 illustrates the genus composition of serial stool samples from the 3 patients with

Enterococcus UTI and from 3 representative kidney transplant recipients without

Enterococcus UTI. Patient 2 developed detectable Enterococcus in the stool 16 days prior to

the diagnosis of Enterococcus UTI; Patient 18 had detectable Enterococcus a day after the

diagnosis of Enterococcus UTI; Patient 26 had detectable Enterococcus 39 days after the
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diagnosis of Enterococcus UTI but also detectable Enterococcus 26 days prior to the

diagnosis of a recurrent Enterococcus UTI. Figure 4 highlights the persistence of

Enterococcus (in green) in the recipients with Enterococcus UTI and Enterococcus absence

in graft recipients without Enterococcus UTI.

We also compared the microbiota in the 3 fecal specimens closest to the diagnosis of

Enterococcus UTI to the microbiota of 23 time-matched control fecal specimens from

kidney transplant recipients without Enterococcus UTI. This analysis showed that the

median Enterococcus fecal abundance is 24% (range:8% to 95%) in the patients with

Enterococcus UTI compared to 0% in the patients without Enterococcus UTI (interquartile

range [IQR}:0.00% to 0.08%) (P=0.005, Wilcoxon rank-sum test).

Induction Therapy, Corticosteroid Maintenance, and the Fecal Microbiota

Eighteen of the 26 patients were induced with either anti-thymocyte globulin (N=15) or

basiliximab (N=3) and received similar perioperative antibiotics and did not receive any

additional antibiotic therapy. In this subset of patients, we explored whether the type of

induction therapy impacted gut microbial composition. This analysis showed that the

relative abundance of Actinobacteria (8.5% vs. 1.0%) (P=0.34) and Bifdobacteriales (7.7%

vs. 0.4%) (P=0.37) in the fecal specimens collected at week 2 post-transplantation were

numerically higher in the group induced with anti-thymocyte globulin but not statistically

significant, that is P<0.05 (Table S7).

Among the 15 patients induced with anti-thymocyte globulin therapy and treated with

similar perioperative antibiotics and a tacrolimus and mycophenolic acid based regimen, 11

were managed with an early corticosteroid withdrawal regimen and 4 with a chronic

corticosteroid maintenance therapy based on clinical considerations. None of the 15 patients

received any additional antibiotic therapy prior to the collection of the post-transplantation

specimen. A comparison of the steroid-free vs. steroid maintenance group showed that the

relative abundance of Clostridiales was lesser (47.8% vs. 67.2%, P= 0.19) and that of

Erysipelotrichales (22.6% vs. 7.8%, P=0.70) higher in the steroid maintenance group in the

fecal specimens collected at week 2 post-transplantation. These numeric differences,

however, were not statistically significant (Table S8).

DISCUSSION

Our investigation of the gut microbiota by PCR amplification of the 16S rRNA V4–V5

variable region and deep sequencing using the Illumina® MiSeq platform has identified

significant alterations in microbial composition following kidney transplantation and has

begun to characterize perturbations associated with post-transplant diarrhea, acute rejection,

and Enterococcus UTI.

Changes in the Gut Microbiota Following Transplantation

Firmicutes were the most abundant bacterial taxa in the pre and post-transplantation fecal

specimens but the relative abundance of Bacteroidetes was strikingly low in our study

subjects compared to healthy subjects characterized by the Human Microbiome Consortium

(1). A further decrease in Bacteroidetes following transplantation was accompanied in our

Lee et al. Page 6

Transplantation. Author manuscript; available in PMC 2015 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



study by a relative increase in the abundance of Proteobacteria at the phylum level. The

basis and significance of these perturbations remain unknown. However, the Proteobacteria

phylum is comprised of a broad range of gram-negative bacteria and includes many known

infectious pathogens (e.g. Escherichia coli, Klebsiella pneumoniae, Pseudomonas

aerugonosa, Enterobacter cloacae, and Proteus Mirabalis) (9). Taur et al. reported that a

fecal domination of Proteobacteria of greater than 30% was associated with a 5 fold

increased risk for gram negative bacteremia (3). It is possible that an increase in

Proteobacteria post transplantation could potentially contribute to the high rate of infectious

complications after kidney transplantation, but further studies are needed to elucidate this

possibility.

Gut Microbiota and Post Transplant Diarrhea

Diarrhea is a common and troublesome complication following kidney transplantation.

Herein, we document a striking lower abundance of Bacteroidetes and Bacteroidales in those

with post-transplant diarrhea. LEfSe method identified Bacteroides as well as

Ruminococcus, Coprococcus, and Dorea to be significantly lower in the diarrhea cohort.

These differences are unlikely to be related to post-transplant medications since the 9

patients without diarrhea received the same induction therapy, preoperative antibiotics, and

PCP prophylaxis therapy as the 6 patients with diarrhea. Two additional issues are also

worth noting. First, none of the 15 patients received additional antibiotic therapy prior to

fecal specimen collection, and second, the fecal specimens from the patients without

diarrhea and those with diarrhea were closely matched with respect to time from

transplantation to specimen collection.

In a database study of 41,442 kidney transplant recipients, diarrhea affected approximately

20% of kidney transplant recipients and the most common etiology (83%) was described as

“other and unspecified diarrhea” (10). While studies have utilized a targeted PCR approach

to identify the etiology for post-transplant diarrhea (11, 12), such strategies test for a limited

number of organisms. Our study, to the best of our knowledge, is the first to utilize 16S

rRNA deep sequencing technology to characterize the microbiota associated with diarrhea

post-kidney transplantation. With this global approach, we identified a novel association

between the absence of Bacteroides, Ruminococcus, Coprococcus, and Dorea and post-

transplant diarrhea. Bacteroides and Ruminococcus are some of the most common genera

found in the human gut (1, 13, 14) and are considered to have a role in carbohydrate

utilization, in degradation of non-digestible dietary carbohydrates and host carbohydrates,

and in carbohydrate fermentation (13, 14). It is currently unknown how a lack of these

bacteria may lead to diarrhea but may be hypothesized to include a commensal role in

competing out pathological microbiota and an inability to effectively digest carbohydrates.

Reduction in mycophenolate mofetil in response to gastrointestinal disturbances like

diarrhea is a common treatment strategy but has been associated with an increased risk of

acute rejection and allograft loss (15, 16). Further characterization of the microbiota

associated with diarrhea may allow for targeted therapies that do not involve a one-size-fits-

all reduction in graft protective immunosuppressive therapies.
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Gut Microbiota, Acute Rejection, and Enterococcus UTI

In small bowel transplant recipients, AR was associated with an increase in the relative

abundance of Proteobacteria and a decrease in Firmicutes (2). In a study of 16 stem cell

transplant recipients, increased microbial chaos as measured by the Bray-Curtis dissimilarity

index was associated with graft versus host disease (17). In our study, the relative abundance

of Bacteroidetes was lower in the fecal specimens collected from patients during an episode

of AR compared to those without an AR. At the order level, Lactobacillales was higher in

the acute rejection cohort and Clostridiales and Bacteroidales were lower. All 3 patients with

an episode of AR were treated with multiple antibiotics and sequential data from 2 of 3

patients showed marked changes in gut microbial composition following antibiotic therapy.

Considerable data exist that gut microbiome impacts immunity. It is possible that antibiotic

administration was associated with changes in microbial composition that helped initiate

anti-allograft immunity. Host immune status in response to alterations in gut microbial

structure, however, was not investigated in our study.

Our pilot study further highlights a potential association between the gut microbiota and

infectious complications following kidney transplantation. Specifically, relative fecal

abundance of Enterococcus was significantly higher in the 3 transplant recipients with

Enterococcus UTI than in the 23 transplant recipients who did not develop Enterococcus

UTI. It is striking that the 23 transplant recipients who did not develop Enterococcus UTI

have a very low relative abundance of Enterococcus in their fecal specimens (median:0%,

IQL:0.00% to 0.08%). The association observed in this study is consistent with a study in

the allogeneic hematopoietic stem cell transplant population (18). In this context, a study on

94 stem cell transplant recipients reported that Enterococcus domination increased the risk

for vancomycin-resistant Enterococcus bacteremia by 9 fold (3). Our findings, viewed in the

light of the data from the studies in allogeneic stem cell transplant recipients, suggest that

alterations in the gut microbiota may predispose the graft recipient to the development of

infectious complications.

Our study has limitations besides the small sample size. The reported statistical associations

were mostly based on univariate analyses. The findings in the AR group and Enterococcus

UTI group may have been confounded by different induction regimens and different

antibiotic regimens. In terms of diarrhea after kidney transplantation, viral infections were

not evaluated and unidentified viral infections rather than the identified bacterial organisms

may be associated with diarrhea in our patients.

Our findings, if confirmed in a larger cohort of kidney graft recipients, suggests

minimization of antibiotics use in the peri and post transplantation period (potentially for

modulating acute rejection risk) and evaluation of therapeutic strategies for replenishing

microbial diversity (potentially for preventing post transplant diarrhea).

MATERIALS AND METHODS

Subject Population

From August 2012 to January 2013, our transplant center performed 87 kidney transplants

and 26 kidney transplant recipients provided at least two fecal specimens within the first 90

Lee et al. Page 8

Transplantation. Author manuscript; available in PMC 2015 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



days of transplantation. Patients self-collected fecal specimens approximately every two

weeks after transplantation during the first month and once a month during the second and

third months. Demographical data and transplant characteristics were obtained for each of

the transplant recipients. The study protocol was approved by the institutional review board

at Weill Cornell Medical College and each patient gave informed written consent.

Fecal Specimen Collection and Analysis

Patients submitted their fecal specimens within 1 day of self-collection and the specimens

were stored at −80°C. DNA was extracted using a phenol-chloroform isolation method

involving bead beater disruption (18).

16S rRNA Amplification and Deep Sequencing

For each specimen, the 16S rRNA V4–V5 variable region was amplified using PCR assays

and was sequenced on an Illumina® MiSeq platform according to manufacturer’s

instructions. Further details are provided in the Methods (SDC).

16S rRNA Sequencing Analysis

Sequences were compiled and analyzed using mothur (19). Sequences were aligned using

SILVA reference as a template (20) and were grouped into operational taxonomic units

(OTUs) using the average neighbor algorithm and on the basis of 97 percent or greater

similarity. Further details involving the processing and alignment of sequences are provided

in the Methods (SDC).

Post-Transplant Complications

Post-transplant diarrhea was defined as a subjective complaint of diarrhea and three or more

bowel movements for two or more consecutive days. Clinical acute rejections were

confirmed by for-cause allograft biopsies that were categorized using the Banff 97 schema

(21). UTI was defined as a positive urine culture (≥50,000 colony forming units/mL).

Statistical Analyses

Shannon diversity index for each sample was measured using mothur. A phylogenetic tree

was constructed based on the 16S sequence alignment using clearcut in mothur (19, 22).

Unweighted UniFrac was run using the resulting tree and principal coordinate analysis was

performed on the resulting matrix (7). The linear discriminant analysis effect size (LEfSe)

method was utilized to compare significant differences in taxa between groups (8).

Wilcoxon signed-rank test and Wilcoxon rank-sum test were used to compare groups of

paired samples and unpaired samples, respectively, and were performed using STATA 12.0

I/C (Statacorp, College Station, TX).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Alterations in the Gut Microbiota Following Kidney Transplantation
Each of the 5 kidney transplant recipients provided a fecal specimen prior to transplantation

and prior to receiving any induction immunosuppression therapy or antibiotic prophylaxis

and a second fecal specimen approximately 2 weeks after transplantation. All 5 recipients

received similar induction therapy, preoperative antibiotics, and PCP prophylaxis therapy.

The 5 sets of bar graphs show the gut microbiota of the 5 kidney transplant recipients at the

genus level over time (Panel A). Each bar represents the relative composition of bacteria in

the stool sample from each patient. The x-axis indicates the day of specimen collection from
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the transplantation event as the reference day (Day 0); the y-axis indicates the relative

bacterial percentage corresponding to each taxon. Each taxon is labeled by color as defined

in the legend. Panels B and C show the differences in gut microbial composition between

the pre-transplantation specimens and the 2 week post-transplantation specimens by phylum

and order levels, respectively. Each color in the pie chart represents the corresponding taxon

group in the legend. At the phylum level, the relative abundance of Proteobacteria (red) was

higher in the post-transplantation specimens compared to pre-transplantation specimen in all

5 patients (P=0.04, Wilcoxon signed-rank test). At the order level, the relative abundance of

Erysipelotrichales (light blue, P=0.04) and Enterobacteriales (red, P=0.04) were higher in

the post-transplantation specimen compared to pre-transplantation specimen in all 5 patients.

Lee et al. Page 13

Transplantation. Author manuscript; available in PMC 2015 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Lee et al. Page 14

Transplantation. Author manuscript; available in PMC 2015 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. Differential Gut Microbial Composition in Patients with or without Post-Transplant
Diarrhea
Panel A shows the principal coordinate analyses of the 6 patients with diarrhea and the 9

patients without diarrhea. The first two axes of the principal coordinate analysis are

represented with principal coordinate axis 1 on the y-axis (10.60% variability) and principal

coordinate axis 2 on the x-axis (9.17% variability). The individual red points represent the 6

fecal specimens from the 6 patients with diarrhea and the individual green points represent

the 9 fecal specimens from the 9 patients without diarrhea. Panels B and C represent the
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differences in gut microbiota between the diarrhea cohort and no diarrhea cohort by phylum

and order levels, respectively. Each color in the pie chart represents the corresponding taxon

group in the legend. Bacteroidetes and Bacteroidales are represented in yellow and were

significantly decreased in the diarrhea cohort (P=0.007, P=0.007, respectively). LEfSe

method was performed to determine individual taxons that were significantly associated

with the diarrhea cohort (red) and the no diarrhea cohort (green) (Panel D). A cladogram

based on the LEfSe method is shown in Panel E and highlights the taxonomic groups in the

diarrhea cohort (red) and in the no diarrhea cohort (green).
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Figure 3. Differential Gut Microbial Composition in Patients with or without Acute Rejection
Panel A represents the principal coordinate analyses of the individual patients with or

without biopsy confirmed acute rejection. The first two axes of the principal coordinate

analysis are represented with principal coordinate axis 1 on the y-axis (8.17% variability)

and principal coordinate axis 2 on the x-axis (5.58% variability). The individual red points

represent the 3 fecal specimens from the 3 patients with biopsy confirmed AR and the

individual green points represent the 23 time matched fecal specimens from the 23 patients

who did not develop AR. Panels B and C represent the differences in fecal microbiota

between the two groups by phylum and order levels, respectively. Each color in the pie chart

represents the corresponding taxon in the legend. At the phylum level, Bacteroidetes was

lower in the AR cohort than in the no AR cohort (P=0.03). At the order level,

Lactobacillales was higher in the AR cohort (P=0.04) and Clostridiales and Bacteroidales

was lower in the AR cohort (P=0.01, P=0.03, respectively) when compared to the no AR

cohort. LEfSe method was performed to determine individual taxons that were significantly

associated in the AR cohort (red) and in the no AR cohort (green) (Panel D). A cladogram

based on the LEfSe method is shown on Panel E and highlights the taxonomic groups

associated with AR (red) and no AR (green).
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Figure 4. Enterococcus Fecal Abundance and Enterococcus Urinary Tract Infections in Allograft
Recipients
The 6 sets of bar graphs represent 6 of the 26 kidney transplant recipients studied; patients 2,

18, and 26 developed Enterococcus UTI and patients 9, 12, and 19 are 3 of the 23 patients

who did not develop Enterococcus UTI. Each bar represents the relative composition of

bacteria in the stool sample from each patient. The x-axis indicates the day of specimen

collection from the transplantation event as the day of reference (day 0); the y-axis indicates

the relative bacterial percentage corresponding to each taxon. Each taxon is labeled by color

as defined in the legend. Enterococcus relative abundance is represented in green and is

present in patients 2, 18, and 26 whereas absent in the patients without Enterococcus UTI.

The timing/day of the Enterococcus UTI is indicated by the horizontal bar in green above

the bar graphs.
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Table 1

Clinical Characteristics of the Study Cohort

Transplant Recipients, N (%) 26 (100)

General Characteristics

Age (Median, Interquartile Range) 56, 46–63

Female, N (%) 13 (50)

Race

 Caucasian, N (%) 16 (61.5)

 Hispanic, N (%) 6 (23.1)

 African American, N (%) 4 (15.4)

Organ Type

 Kidney, N (%) 24 (92)

 Simultaneous Pancreas & Kidney, N (%) 2 (8)

Type of Transplantation

 Living Donor Transplantation, N (%) 14 (53.8)

 Deceased Donor Transplantation, N (%) 12 (46.2)

Immunosuppressive Therapy

Induction Antibody Therapy

 Anti-thymocyte globulin, N (%) 20 (77)

 Basiliximab, N (%) 6 (23)

Maintenance Immunosuppressive Drugs

 Tacrolimus and Mycophenolate Acid, N (%) 25 (96)

 Tacrolimus and Mycophenolate Mofetil, N (%) 1 (4)

Steroid Protocol

 Steroid Maintenance, N (%) 10 (38)

 Steroid Free, N (%) 16 (62)

Perioperative Antibiotics

Preoperative Surgical Prophylaxis

 Cefazolin, N (%) 21 (81)

 Vancomycin, N (%) 3 (11)

 Ampicillin/Sulbactam/Cefoxitin, N (%) 1 (4)

 Ampicillin/Sulbactam, N (%) 1 (4)

Pneumocystic Jiroveci Prophylaxis

 Trimethoprim/Sulfamethoxazole, N (%) 23 (88)

 Dapsone, N (%) 2 (8)

 Atovaquone, N (%) 1 (4)
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