Published Online: 03 August 2022 —

JOURNAL OF PURE AND APPLIED MICROBIOLOGY

Priscilla et al. | Article 7503
J Pure Appl Microbiol. 2022;16(3):1799-1808. doi: 10.22207/JPAM.16.3.23 O
Received: 22 December 2021 | Accepted: 28 June 2022

J \

P-ISSN: 0973-7510; E-ISSN: 2581-690X

RESEARCH ARTICLE OPEN ACCESS

Pre-transplant Ratio of Firmicutes/Bacteroidetes of
Gut Microbiota as a Potential Biomarker of Allograft
Rejection in Renal Transplant Recipients

C. Priscilla'>, Santosh Kumar!(>, C.P. Girish Kumar2(>, Sreejith Parameswaran3
, Pragasam Viswanathan*(®) and Rajesh Nachiappa Ganesh'*

!Department of Pathology, Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER),
Puducherry - 605 006, India.

2Laboratory division, National Institute of Epidemiology, Indian Council of Medical Research,

Chennai - 600 077, Tamil Nadu, India.

3Department of Nephrology, Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER),
Puducherry - 605 006, India.

“Renal Research Lab, Biomedical Research Centre, School of Biosciences and Technology, VIT University,
Vellore - 632 014, Tamil Nadu, India.

Abstract

The advent of technologies has made allogenic transplantation a potential curative therapy for
end-stage renal diseases, but the episodes of rejection still remain as one of the challenges in the
post-transplant scenario. In the recent years, several human and animal studies have elucidated that gut
microbial dysbiosis is closely linked with allogenic transplantation and post-transplant complications.
But most of the studies focused on the use of high through-put sequencing technologies to analyze
gut microbiota despite of its high cost, analysis and time constraints. Hence, in this work we aimed to
study the impact of the two dominant gut phyla Firmicutes and Bacteroidetes on 38 renal transplant
recipients, before and after transplantation and to find its association with allograft rejection. Significant
changes (p<0.01) were observed in the relative abundances of the phyla Firmicutes and Bacteroidetes
at pre- and post-transplant period. We have also found that the recipients who had an increase in
Firmicutes/Bacteroidetes (F/B) ratio before transplant were highly prone to rejection in the first-year
post-transplant. The Receiver Operating Characteristic (ROC) curve analysis has shown that the ratio
of F/B were able to discriminate between rejection and non-rejection cases with an Area under the
ROC Curve (AUC) of 0.91. Additionally, we observed that the ratio of F/B have reduced during the time
of rejection postulating that gut microbial dysbiosis has more association with rejection. Thus, the
assessment of F/B ratio using qPCR would be of a more practical approach for diagnosis and monitoring
of graft function in a cost-effective and timely manner.
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INTRODUCTION

Allogenic renal transplantation is a
potential therapeutic tool for end-stage renal
diseases but post-transplant complications such
as rejection, infection, graft versus host disease
(GVHD) and relapse remain as a challenge in
maintaining long-term graft function. Various
evidences have stated that post-transplant
complications are closely related to immune
system,! but a dynamic interplay between the
host immune system and gut microbiota,*? further
elaborates the association of gut microbiota with
allogenic transplantation.*®

The human gut microbiota imparts
specific function in the host nutrient metabolism,
xenobiotic and drug metabolism, maintenance
of structural integrity of the gut mucosal barrier,
immunomodulation and protection against
pathogens.® The normal human gut microbiota
comprises of two dominant bacterial phyla
Firmicutes and Bacteroidetes that constitute
over 90% of the known phylogenetic categories’
followed by other subdominant phyla including
Proteobacteria, Actinobacteria, Fusobacteria,
Tenericutes and Verrucomicrobia. Phylum
Firmicutes contains Gram-positive bacteria with
rigid or semi-rigid cells walls that are largely from
the genera Bacillus, Clostridium, Enterococcus,
Lactobacillus, and Ruminococcus® whereas phylum
Bacteroidetes includes approximately 7000
different species of Gram-negative bacteria that
are predominantly from the genera Bacteroides,
Alistipes, Parabacteroides, and Prevotella.®

The disturbances in the microbial
community characterized by a loss or gain of
microbes that either promote health or diseases
is termed as dysbiosis.’® Gut microbial dysbiosis
drives a series of abnormalities like accumulation
of uremic toxins, systemic inflammation and
infection leading to kidney diseases. In turn
these renal pathological conditions can affect
the microbial community leading to dysbiosis.***®
Thus, a balance in the gut microbial diversity is
essential to maintain an immunological balance.
Among the microbial communities, the ratio of the
predominant rulers, Firmicutes and Bacteroidetes
tend to have an important influence in the
maintenance of normal intestinal homeostasis
and hence changes in this ratio leads to various

pathologies.! Thus, our main focus of this study
is to examine whether there are any changes in
the ratio of Firmicutes/Bacteroidetes following
renal transplantation and whether the changes
in the ratio leading to dysbiosis is connected to
post-transplant allograft rejection.

Despite of the popularity of Next
Generation Sequencing (NGS) to analyze the
changes in gut microbiota, we have used
guantitative real-time Polymerase Chain Reaction
(qPCR) to estimate the relative abundance of
Firmicutes, Bacteroidetes, Gamma Proteobacteria
and Epsilon Proteobacteria with an intention to
pave way for its translational utility, as qPCR is
more rapid, sensitive and a cost-effective method
whereas NGS is costly, requires trained persons
to analyze data and time consuming restricting its
translational purpose.

MATERIALS AND METHODS

Study Design

Itis alongitudinal cohort study comprising
of 38 renal transplant recipients who have given
written informed consent to participate in the
study. The research work has got ethical clearance
from Institute’s Human Ethical committee (JIP/
IEC/2017/0115 dated 25™ May, 2017) and the
work has been conducted during the period 2018-
2020, in accordance with the principles set forth
in Helsinki declaration.

Study Cohort

Our 38 renal transplant recipients had a
live related ABO and human leucocyte antigen (HLA)
matched donor for transplantation. The recipients
were under induction therapy with recombinant
anti-thymocyte globin (R-ATG) 1.5 mg/kg body
weight and 20 ug of Basiliximab for two days prior
to transplantation. The post-transplant immune
suppression regimen consists of tacrolimus 0.1
mg/kg body weight, 1 g of Mycophenolate mofetil
and 20 mg prednisolone. Appropriate changes
were made in the maintenance regimen based on
the patients’ clinical findings and laboratory work
up during the follow-up period. All of the study
participants were clinically followed up to two
years post-transplant and recipients who had graft
dysfunction during this period underwent renal
biopsy. The histopathological assessment of renal
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biopsy was done using Banff 2018 criteria®” based
on which we categorized our cohort as those with
rejection and those without rejection.

Sampling

The study participants were instructed
to collect fresh faecal sample in sterile sealed
container and submit the specimen as early as
possible (~ within 4 hours) of collection.'®° The
specimens were transported to the laboratory at
room temperature!®? as all of our participants
were in proximity. Faecal specimen collection
was made at three time points viz, pre-transplant
(before the initiation of induction therapy), one
month and three months post-transplant.

Nuclei Acid Extraction

The faecal specimen was immediately
subjected for DNA isolation with QlAamp DNA
stool mini kit (catalogue no: 51604). The isolated
DNA was checked for purity using Qubit 3.0
fluorometer and assay kits (Invitrogen- Q32852,
Q32851, Q33211).

Quantification using Real-time PCR

Equal concentrations of DNA (1 ng/
ul) were used for the quantification of Phylum
Bacteroidetes, Phylum Firmicutes, Class Gamma
Proteobacteria and Class Epsilon Proteobacteria.
gPCR amplification and detection were performed
using QuantStudio3 thermal cycler (Applied
Biosystems). Each PCR reaction consists of
10ul TagMan Fast advanced PCR mix (Applied
Biosystems - 4444556), 5 pl of DNA, 1 ul of
specific TagMan probe (Customized with FAM
dye by Applied Biosystems - 4331348), 1 ul of

Table 1. Assay Id’s of the TagMan probes for
Phylum Bacteroidetes, Firmicutes and Class Gamma
Proteobacteria, Class Epsilon Proteobacteria and
16SrRNA (Universal Primer) customized by Applied
Biosystems

Taxonomy Assay ID
Phylum Bacteroidetes APFVNUR
Phylum Firmicutes APGZHEN
Class Gamma Proteobacteria APU666X
Class Epsilon Proteobacteria APWCZRV
16S rRNA AP7DUT]J

16S rRNA (Customized with VIC dye by Applied
Biosystems - 4331348) TagMan probe and 3 pl of
Nuclease free water (Qiagen — 129115) making
up to a final volume of 20 pl/well. The assay
Id’s for the customized TagMan probe are listed
(Tablel). The amplification program consists of
Uracil-N-glycosylase (UNG) incubation at 50°C
for 2 minutes, polymerase activation at 95°C for
20 seconds and 40 cycles of denaturation and
annealing at 95°C for 1 second and 60°C for 20
seconds, respectively. The relative amount of
Bacteroidetes, Firmicutes, Gamma Proteobacteria
and Epsilon Proteobacteria in each sample were
normalized to the 16S rRNA universal primer.

Statistical Analysis

Shapiro-Wilk normality test was used for
checking the distribution of data. The variables
used in this study did not follow a normal
distribution and hence non-parametric tools
were used for the analysis. Continuous variables
have been expressed as either mean * standard
deviation or as median and interquartile range
(Q1 to Q3). Friedman’s test was used to find the
changes of relative abundances of the microbiota
between pre- and post-transplant period. Post-
hoc analysis with Wilcoxon signed rank test was
conducted with a Bonferroni correction to estimate
the time where the actual significant changes of
relative abundance occurred. Mann-Whitney U
test was used to compare between rejection and

Table 2. Characteristics of the renal transplant cohort
represented as mean + standard deviation or median
(Q1,@3)

Characteristics Variables

Recipients’ age (years) 36.29+9.14

Donor’s age (years) 41.88+11.82

Recipients’ gender 94.7% male and 5.3%
female

Donor’s gender 24% male and 66%
female

Recipients’ cold ischemia 88 (70,120)

time (minutes)

Recipients’ warm 5.92 +2.07

ischemia time (minutes)

Recipients’ BMI (kg/m2) 20.09+4.73

Recipients’ blood pressure 134 (131,150)/90 (80,90)

Systolic/diastolic (mmHg)
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non-rejection groups. Logistic regression analysis
was done to estimate the association of F/B ratio
with rejection. ROC curve was plotted and the
AUC along with 95% Confidence Interval (Cl) was
estimated to find the predictive performance
of the F/B ratio in differentiating rejection from
non-rejection. SPSS version 19 was used for all
statistical analysis. Significant threshold was set
at p<0.05.

RESULTS

Rejection Outcome

Thirteen of our 38 renal transplant
recipients had a biopsy proven rejection within a
time span of 15 days to 12 months post-transplant.
Out of these 13 with rejection, 11 of them had
only Antibody mediated rejection (ABMR) and the
other two recipients with ABMR also had T cell

and borderline rejection. At the end of follow-up,
we have found that eight of the 13 recipients who
had rejection episode had a poor graft survival
with an eGFR>60mL/min/1.73m?). The baseline
characteristics of our transplant cohort is listed in
Table 2.

Pre- and Post-transplant Microbial Changes

The relative abundance of the phylum
Firmicutes, phylum Bacteroidetes, class Gamma
Proteobacteria and class Epsilon bacteria were
measured before transplant and one and three
months after transplant (Figure 1). The pre- and
post-transplant changes in the relative abundance
of the microbiota are tabulated (Table 3). It was
observed that the phylum Firmicutes were more
and Bacteroidetes were less before transplant
and hence the F/B ratio was more pre-transplant.
We have also found that the relative abundance

Table 3. The changes in the relative abundance at each time point represented as median values (Q1, Q3)

Taxonomy Pre-transplant One-month post- Three-months p-value
transplant post-transplant

Phylum Bacteroidetes 13.77(9.98,15.49)  22.32(18.29,25.41) 26.82(20.07,30.31) <0.01

Phylum Firmicutes 25.50(21.50, 28.60)  21.63 (19.50, 24.59)  20.45(18.03,23.01) <0.01

Firmicutes/Bacteroidetes ratio 1.96 (1.50, 2.68) 0.95 (0.86, 1.23) 0.80(0.62, 1.14) <0.01

Class Gamma Proteobacteria 26.82 (23.02,28.49) 17.66 (15.46,21.99) 18.57(16.05,24.26) <0.01

Class Epsilon Proteobacteria 34.22 (32.39,37.11) 37.35(35.78,38.47) 33.37(31.77,36.67) <0.01
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Figure 1. Changes in the relative abundances of Phyla Firmicutes, Bacteroidetes, Class Gamma and Class Epsilon

Proteobacteria across time period.
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of Gamma Proteobacteria was more in the
pre-transplant period than the post-transplant
period, whereas the relative abundance of Epsilon
Proteobacteria was less in pre-transplant than
the post-transplant period and these findings
were statistically significant. The post-hoc analysis
with Wilcox signed rank test revealed that
there were significant changes (p<0.01) in the
relative abundance of phylum Bacteroidetes and
Firmicutes between pre and one-month, pre and
three-months and one and three-months whereas
in class Gamma Proteobacteria the changes were
not significant between one and three-months
and in Class Epsilon Proteobacteria the changes
between pre and three-months were not found
to be significant.

Association of Pre-transplant F/B Ratio with
Allograft Rejection

Recipients who had a higher relative
abundance of Firmicutes, resulting in a higher
F/B ratio before their transplantation experienced
rejection within one-year post-transplant than
those who had less F/B ratio before their transplant
(Table 4). We further constructed a logistic
regression model to assess the ability of F/B ratio
to predict rejection. Preliminary analyses were
performed to ensure there was no violation of
assumptions. The model was able to classify 78.9%
of cases and there was a high association between
F/B ratio and rejection outcome with an odds ratio
of 9.00 (95% Cl, 1.58-51.20) and significance of
p<0.05 (Table 5).

Table 4. Pre-transplant relative abundances of the taxonomic groups between rejection and non-rejection groups

represented as median values (Q1, Q3)

Taxonomy Rejection Non-Rejection p-value
Phylum Bacteroidetes 8.55(5.31, 13.81) 14.66 (10.82, 16.78) <0.01
Phylum Firmicutes 32.28 (28.54, 33.56) 23.82 (20.88, 25.50) <0.01
Firmicutes / Bacteroidetes ratio 3.68 (2.08, 6.23) 1.65(1.29, 2.01) <0.01
Class Gamma Proteobacteria 26.15 (21.17, 28.25) 26.99 (23.22, 29.23) 0.22
Class Epsilon Proteobacteria 34.36 (31.76, 36.90) 34.07 (32.15, 38.13) 0.62
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Figure 2. ROC curve for Pre-transplant F/B ratio to classify rejection and non-rejection cases.
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Diagnostic Ability of Pre-transplant F/B Ratio

ROC analysis was done to check the
performance of F/B ratio in classifying rejection
and non-rejection cases. We have found that the
F/B ratio had a higher level of diagnostic capability
to predict rejection and non-rejection outcomes
with an AUC of 0.91 (95%Cl, 0.82, 1.0), sensitivity
of 92% and specificity of 76% with a significance
p<0.01 (Figure 2).

Temporal Association of F/B Ratio with Allograft
Rejection

At the time of rejection, the relative
abundance of Firmicutes were less and
Bacteroidetes were more thus leading to a

decrease in the F/B ratio in the rejection group
in comparison to non-rejection group (Table 6)
(p<0.05). The logistic regression model revealed
that there was a significant association (p<0.05)
between F/B ratio and rejection outcome with
a classification accuracy of 74.3%, AUC of 0.76
(95%Cl, 0.61-0.93) and a sensitivity and specificity
of 90% and 60%, respectively (Figure 3).

DISCUSSION

The ratio of F/B has been suggested as an
index of health of gut microbiome although they
have high inter-individual variations and dramatic
dynamics.?! Hence, in our study we intend to

Table 5. Logistic regression analysis to establish the relation between the pre-transplant relative abundance of

taxa and rejection outcome

Variable B, B,  Wald statistic (B,) OR (95% Cl) p- value
Phylum Bacteroidetes 3.61 -0.35 7.83 0.70 (0.55, 0.90) 0.01
Phylum Firmicutes -38.74 1.4 5.1 4.05 (1.20, 13.61) 0.02
Firmicutes / Bacteroidetes ratio -5.67 2.2 6.13 9.00 (1.58, 51.20) 0.01
Class Gamma Proteobacteria 3 -0.14 1.99 0.87(0.71, 1.06) 0.16
Class Epsilon Proteobacteria 1.68 -0.07 0.5 0.94 (0.78, 1.18) 0.48
10
08 4 4 ﬁ
08
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=
[]
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Figure 3. ROC curve to test the efficiency of F/B ration to classify post-transplant rejection outcome at the time

of rejection.
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Table 6. Differences in the relative abundance between rej

ection and non-rejection groups at the time of rejection

Taxonomy Rejection Non-Rejection p-value
Phylum Bacteroidetes 25.24 (23.62, 28.23) 19.14 (17.64, 25.91) 0.03
Phylum Firmicutes 20.75 (20.20, 20.27) 21.41(17.57, 23.94) 0.91
Firmicutes / Bacteroidetes ratio 1.94 (1.42,2.62) 2.70(1.97, 3.46) 0.02
Class Gamma Proteobacteria 15.96 (15.04, 18.16) 18.96 (16.18, 23.22) 0.01
Class Epsilon Proteobacteria 35.13 (32.03, 36.86) 35.18 (32.86, 36.38) 0.93

study the alterations in the relative abundances
of Phyla Bacteroidetes, Firmicutes, Class Gamma
Proteobacteria and Epsilon Proteobacteria
following renal transplantation and investigated
the use of F/B ratio to characterize allograft
rejection.

The faecal specimens collected from
our 38 renal transplant recipients at three time
periods (pre-transplant, one- and three-months
post-transplant) revealed that the relative
abundance of phylum Firmicutes were more and
phylum Bacteroidetes were less at pre-transplant
leading to an increase in the ratio of F/B. This
finding is similar to the findings reported by Lee
et al., wherein they found a higher abundance
of Firmicutes to Bacteroidetes in the five faecal
specimens of the renal transplant recipients
before their transplantation.?> The human
microbiome consortium has characterized that a
healthy individual has more Bacteroidetes than
Firmicutes,?® hence an increase in the phylum
Firmicutes in our report states that there is a
dysbiosis in the F/B ratio even before transplant
when the patients are in End-Stage Renal Disease
(ESRD) stage. Our result was further supported
by Vaziri et al., who analysed the faecal specimen
from 24 ESRD patients and 12 healthy volunteers
and found an increase in the number of Firmicutes
in ESRD group than the control group.*

In the year 2014, Fricke et al.,?®
longitudinally investigated the changes in blood,
urine, oral and rectal microbiota of renal allograft
recipients before and at one- and six-months post-
transplant and stated that major changes in the
microbiota occurred between pre and one-month
post-transplant. We too found that there were
significant changes in the relative abundances
of the studied taxonomy between pre-and one
month-transplant and also observed that there
was a significant change in the relative abundance

of phyla Bacteroidetes, Firmicutes and Epsilon
Proteobacteria between their one and three-
months post-transplant period which is in contrary
to the report by Fricke et al., where it was stated
that the changes persisted post-transplant as there
was no significant changes between one and six-
months post-transplant. This discrepancy may be
due to the changes in sampling time as we did not
study the structure six months post-transplant
and Fricke et al., haven’t observed the changes at
three months. Another factor could be the type
of specimen, as we used fresh faecal specimen to
characterize gut microbiota and their main focus
were to characterize human microbiota which did
not include faecal sample.

Our study stands out to be the first in
assessing the relationship of pre-transplant gut
microbiota with renal allograft rejection. Fricke et
al., found an association between pre-transplant
human microbiota of oral and rectal samples
with post-transplant rejection outcome. Pre-
transplant oral samples of 20 patients who never
had rejection or any adverse complication post-
transplant were compared to five patients who
had at least one rejection episode and observed
that the Fusobacteria, Proteobacteria and
Actinobacteria to be increased in the first group.
In rectal samples rejection events in four patients
in comparison to 14 patients without rejection
showed a decrease in phylum Firmicutes.® In
our study we compared the pre-transplant gut
microbiota in faecal samples of 13 recipients who
had rejection with 25 recipients who did not have
rejection and found that recipients who had a
higher relative abundance of phylum Firmicutes
before transplantation were more prone to
allograft rejection post-transplant, supporting the
findings of Fricke et al. To further strengthen our
finding, we performed a ROC analysis and found
that the ratio of F/B are sensitive and specific
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indicators of renal allograft rejection, hence if
this is further worked extensively it could serve
as a valuable strategy to identify patients at a risk
of allograft rejection for intense monitoring or
alteration of immune suppressive regimen.

Very few studies have found a temporal
association of gut microbiota with acute rejection.
Ren et al., studied the potential application of
gut microbiota as a biomarker for acute rejection
on orthotopic liver transplantation in rat models
and found that there is an increase in phylum
Bacteroidetes and decrease in phylum Firmicutes
at the time of rejection.? Similarly, Oh et al.,
compared the ileal microbiota in small bowel
transplantation and found that there is an increase
in phylum Proteobacteria and decrease in phylum
Firmicutes at the time of rejection.?” In our study
we could not collect samples exactly at the time of
biopsy or graft dysfunction, but rejection episodes
that occurred nearby our sample collection
points (one and three-months post-transplant)
were analysed to see the temporal association.
We had 10 rejection cases in first three months
post-transplant which was compared with 28
non-rejection cases and found that there was a
decrease in phylum Firmicutes (not significant)
and a significant increase in phylum Bacteroidetes
around the time of biopsy proven rejections.
Even though our findings with a decrease in the
relative abundance of Firmicutes in the rejection
group is on par with findings in liver and small
bowel transplant, a contradiction occurred with
the data represented by Lee et al., where they
found a decrease in phylum Bacteroidetes during
rejection?? in renal transplant recipients. We
postulate this difference to a microbial imbalance
as we initially stated that Firmicutes is generally
less in post-transplant period in comparison to
the pre-transplant period, a further decrease in
the Firmicutes post-transplant could also be a
risk factor for rejection as either a decrease or
increase in the gut flora leads to dysbiosis leading
to unfavourable conditions.

The enumeration of microbiota is
very much essential and a plethora of methods
for addressing it includes cultivation, PCR and
sequencing, culturomics?® and hybridization
microarrays.?*3! Of these the real-time gqPCR
method is superior in terms of generally available
equipment, cheaper sample preparation, flexibility

in application and robustness for diagnostic
approaches.®? Various studies®*** have evaluated
the use of phylum and class specific probes to
quantify the taxonomy of the predominant gut
microbiota which has significant role in disease
using real-time PCR. We used gPCR technique
to study the predominant occupiers providing a
flexible platform for its replication, future use as
a potential biomarker and translational utility.

CONCLUSION

Through this study we have provided
useful information on the microbiota changes of
the predominant groups in renal transplantation.
An extensive study is required to determine the
exact role of the observed changes on whether
dysbiosis caused complications or whether the
complications created the dysbiosis. Our research
proved that the pre-transplant levels of F/B ratio
serve as an important tool to classify patients at
a risk of rejection which is a very valuable finding
that needs application in a larger cohort. Thus, the
evidence present in this study emphasizes the role
of gut microbiota as a diagnostic tool in the earlier
detection and prevention of rejection paving way
for personalized immune suppressive regimen and
improved graft outcome.
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