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Introduction: Interactions between our commensal microbes and immune system are well
recognized but the impact of immunosuppression on this relationship is less well character-
ized, particularly outside of the gastrointestinal tract. In this pilot case-control study, we
examined microbial composition and inferred function in the saliva of patients after heart
transplantation.

Methods: Saliva samples were collected from 26 healthy adolescent and adult heart
transplant patients and 27 healthy non-transplant controls. Bacterial DNA was isolated and
the V3 and V4 regions of the 16S rRNA gene were sequenced. Measures of bacterial
diversity and inferred function were calculated using the software packages DADA2,
Phyloseq, QIIME, PICRUSt and STAMP.

Results: Transplant patients were on average 51.6 + 18.2 years of age and 8.6 £ 5.3 years
post-transplant. Both alpha (p = 0.0009) and beta (p = 0.001) diversity differed significantly
between the groups, and there were statistically significant changes (p < 0.01) in 101
individual functional pathways.

Discussion: We conclude that the effects of chronic immunosuppression on bacterial
composition and function in the oropharynx appear relatively subtle with no obvious ill
effects on patient health. Full interpretation is limited by our lack of knowledge for many of
the bacterial functional pathways.

Keywords: microbiome, saliva, transplant, heart, immune suppression

Plain Language Summary

Interactions between the microbes that exist within us and the immune system are not well
characterized, particularly outside of the intestinal tract. We studied microbial composition
and inferred function in the saliva of patients after heart transplantation compared to healthy
non-transplant controls. Bacterial diversity differed significantly between the groups and
there were statistically significant changes in multiple individual functional pathways. We

conclude that immune suppression has broad but subtle effects on the oral microbiome.

Introduction

To improve human health it is increasingly recognized that it is important to
understand the relationship between the body and our commensal microbes.'~
There are many diverse microorganisms within the human microbiome® which
has multiple important functions and works to maintain homeostasis within the

human host.* ® The oral cavity provides primary immune defense, acting to prevent
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pathogens from entering the host. The oral microbiome’ !

may play an important role in maintaining the health of an
individual and alterations, such as are seen in periodontitis,
are associated with microbial migration through the blood-
stream and increased risk of cardiovascular and non-
cardiovascular diseases.'* "¢

After cellular or solid organ transplantation, patients must
take immunosuppressive drugs (ISDs) to prevent immune-
mediated injury (ie, rejection) of the donated organ or cells.
As the immune system and microbiome are closely inter-
twined, their relationship is necessarily altered in the pre-
sence of systemic immunosuppression.'’ ' These changes
may have important implications for patient health post-
thus, the
a modifiable environmental variable that can be manipulated

transplant; microbiome may represent
to improve outcomes for patients after transplantation. While
projects such as the Human Microbiome Project* have
advanced our understanding of the diversity and variability
of niche microbiomes in immune competent humans, the
microbiome after transplantation remains relatively under-
studied. This proof-of-concept project aimed to characterize
the oral microbiome of adult heart transplant patients both in
terms of bacterial composition and function and to provide
insight into the effect of chronic immunosuppression on the

salivary microbiome.

Materials and Methods

This case-control pilot study was approved by the Conjoint
Health Research Ethics Board at the University of Calgary
(study ID REBI13-0576). This study was conducted in
accordance with the Declaration of Helsinki. Adolescent
and adult heart transplant (HT) patients were recruited at
the Alberta Children’s Hospital and Foothills Medical
Centre in Calgary, Alberta, Canada between October and
December 2015 and included in the study if they were
healthy outpatients. All organs were donated voluntarily
with written informed consent and transplantation was
conducted in accordance with the Declaration of Istanbul.
All patients provided informed written consent. For parti-
cipants <18 years of age, a parent or legal guardian pro-
vided consent. Information was collected from the patient
medical chart regarding age, sex, date of transplant, cur-
rent immunosuppression and relevant recent medical
events. Patients with recent exposure to antibiotics, pre-
sence of significant comorbidities, recent infection, hospi-
talization, surgery or rejection events were excluded from
the analysis. Control samples were collected between
October and December 2016 from healthy, non-transplant

student volunteers with no preexisting medical or dental
conditions at the University of Calgary. After providing
informed written consent, all participants were asked to
provide a saliva sample. Samples were collected using the
OMNIgene (OM-501) collection kit (DNA Genotek,
Canada). Saliva samples were stored at room temperature
in the original collection tube until processed. DNA was
isolated from all saliva samples using the Genomic DNA
MiniPrep Kit (DNA Genotek, Canada) following the pro-
tocol provided by the manufacturer. Following isolation,
DNA concentration was determined using a Qubit fluo-
rometer (ThermoFisher Scientific, USA) and then stored at
—20°C. Purified DNA was used for PCR amplification of
the bacterial 16S rRNA gene V3/V4 regions.”> Libraries
were constructed and sequenced on the Illumina MiSeq
platform in the Nicole Perkins Microbial Communities
Core Laboratory at the University of Calgary.
Illumina-sequenced, paired-end FASTQ files were
trimmed to remove primers and barcodes using
Cutadapt.® DADA2 was used to produce an OTU (opera-
tional taxonomic unit) table with taxonomy assigned
through SILVA or de novo clustering.”* Downstream ana-
lysis of the final OTU table was done in R using Phyloseq
(version 1.16.2).° Functional analysis of the bacterial

populations was performed using QIIME (Quantitative

Insights Into Microbial Ecology)*® and PICRUSt
(Phylogenetic  Investigation of Communities by
Reconstruction of Unobserved  States).”” STAMP

(STatistical Analysis of Metagenomics Profiles)*® was
used to analyze the metabolic profiles of patient samples
compared to healthy controls using the output produced
through PICRUSt.
(Kyoto Encyclopedia of Genes and Genomes) Orthologs

Functional predictions of KEGG

(KOs) were made using the corrected OTU table as
input.”® Identified KOs were also collapsed to KEGG
pathways to allow for biological interpretation of higher-
level systemic functions.

Patient data are presented as mean + standard deviation
with a two-sided Welch’s t-test used to determine differ-
ences between the control and HT groups. A Kruskal—
Wallis test and a PERMANOVA test were used to test
for significant differences between the groups for alpha
and beta diversity, respectively. STAMP was used for
statistical analysis of microbial function in conjunction
with a Benjamini-Hochberg false discovery rate procedure
to correct for multiple comparisons. The significance level
for all tests was set at p < 0.05.
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Results Table | Demographic Characteristics of Studied Heart
A total of 53 participants were recruited for this study. Of Transplant Patients
the 53 participants, 26 were HT patients and 27 were Variable Data
healthy, non-transplant controls. The non-transplant con- Number of patients (n) 25
trols had no self-reported medical conditions, and all HT Sex (% female) 36
patients were stable outpatients at the time of sample | Age (vears, mean  standard deviation) 1.6+ 182
collection with no recent (<1 month) rejection events or Tacrolimus (n) 19

L. . . Mycophenolate mofetil (n) 20
changes in immunosuppression. For the 25 HT patients for Tacrolimus and mycophenolate mofetil (%) 4
whom clinical data was available (Table 1), 36% were Sirolimus ()
female and 64% were male. Average age was 51.6 + Prednisone (n) 5
18.2 years and ranged from 14 to 74 years. Patients were Diabetes mellitus ()

8.6 £ 5.3 years post-transplant (range 0.75-20 years). For
all 25 patients, 19 (76%) were on tacrolimus, 20 (80%)
were on mycophenolate mofetil, 6 (24%) were on siroli-
mus, and 5 (21%) were on prednisone. Most patients
(64%) were on dual therapy with tacrolimus and myco-
phenolate mofetil. For the 21 patients where data was
available, 9 (43%) had Diabetes Mellitus type II. None
of the patients had a history of recent infection or exposure
to antibiotics.

Control

Abundance

0e-

Bacterial composition was examined at the class level for
all samples. Taxonomic distribution of the top 20 sequences
for both control and HT patients is shown in Figure 1. The
class Bacilli predominated for most samples with some indi-
vidual samples from both groups showing relatively
larger populations of Bacteroidia and Betaproteobacteria.
Fusobacteria and Gammaproteobacteria were well represented

Patient

Class
Actinobacteria

Bacilli

Bacteroidia
Betaproteobacteria
Clostridia
Epsilonproteobacteria
Fusobacteriia
Gammaproteobacteria

Negativicutes

NA

Figure | Salivary bacterial composition at the class level. The taxonomic distribution of the top 20 sequences are shown for each individual saliva sample in the control and

patient groups.
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in most samples. Alpha diversity (Shannon diversity index),
referring to diversity within a sample, was highly significantly
different (p = 0.00088) between the groups with reduced
diversity in the transplant patient group (Figure 2). Beta diver-
sity was significantly different between the control and trans-
plant patient groups (p = 0.001), as determined using the

Shannon

Alpha Diversity Measure

N
)

Control Patient

Figure 2 Alpha (Shannon) diversity of the saliva microbiome. Intra-sample diversity
differed significantly between the control and heart transplant patient groups
(p = 0.00088) with decreased diversity in the transplant samples.

Group
Control

Patient

NMDS2

NMDS1

Figure 3 Beta (Bray—Curtis) diversity of the saliva microbiome. Microbial composi-
tion differed significantly between the control and heart transplant patient groups (p
=0.001). The 95% confidence intervals for both groups are indicated by the colored
circles.

Bray—Curtis dissimilarity index and visualized with a non-
metric multidimensional scaling (NMDS) plot (Figure 3).

In assessing the impact of immunosuppression on bac-
terial function, the KEGG pathways of metabolism (p =
0.61), cellular processes and signaling (p = 0.92) and
human diseases (p = 0.78) were not found to be signifi-
cantly different between the groups. KOs were examined
and 101 were found to be significantly different between
HT patients and controls. A heat map showing the distri-
bution of these differences between patients and controls is
shown in Figure 4.

Discussion

This project aimed to characterize changes in the oral
microbiome of patients on immunosuppressive drugs com-
pared to non-transplant controls and test the hypothesis
that immunosuppression alters the salivary microbiome.
Our focus, specifically the oral microbiome, was chosen
due to its association with systemic microbial migration
and cardiovascular and non-cardiovascular diseases.
Furthermore, analysis of the oral microbiome remains
relatively understudied although changes have been iden-
tified in chronic diseases including cancer.'®*® Assessment
of the saliva microbiota could also potentially provide
insight into the immunosuppressive state of an individual,

d,3l’32

similar to that seen with viruses in the bloo or

provide an alternative biological material other than stool
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Figure 4 Heatmap summarizing the 101 significant KEGG ontology (KO) differences between the control and heart transplant patient groups.

or blood to more readily assess changes in the microbiota
post-transplant for an individual patient. Overall, we found
definite but relatively subtle changes in bacterial composi-
tion and function in stable transplant patients. Our study
adds to the limited literature studying the oral microbiome
in transplant patients.>

Based on the relative bacterial abundances and relative
composition found in HT patients compared to healthy
controls, the groups appear to be qualitatively similar as
determined using DADA2 and Phyloseq. There is
a predominance of the class Bacilli in addition to
Fusobacteria and Gammaproteobacteria, consistent with
previous findings in the human oral microbiome.'*~*
However, there are some samples, amongst both the

cases and controls that have a predominance of
Bacteroidia or Betaproteobacteria. These population dif-
ferences are of uncertain significance and were not asso-
ciated with an obvious phenotype. Alpha diversity looks at
both richness (how many OTUs are present) and evenness
of distribution within a sample. The alpha diversity of HT
patients was found to be significantly reduced in compar-
ison to controls suggesting that immunosuppression does
result in an overall loss of bacterial diversity. Beta diver-
sity was also examined, using the Bray—Curtis dissimilar-
ity index, to look at relative differences between samples.
Again, a significant difference was found between the two

groups suggesting that bacterial composition was affected

by immunosuppression. These observations suggest that
there may be alterations in bacterial composition in the
oral microbiome after transplantation. These changes are
supported by findings in the gut microbiome where trans-
plantation consistently leads to a loss of microbial diver-
sity and an increase in the phylum Proteobacteria.'?>>3¢
Interestingly, Diaz et al in a similarly structured study
looking at the saliva microbiome in 20 renal and heart
transplant patients did not identify a significant change in
alpha diversity but did find immunosuppression to be
associated with a significant change in beta diversity.*

It is interesting to note that the functional pathways
examined were not significantly affected by immunosup-
pression even though there were significant changes in
microbial composition. However, while there were no sig-
nificant changes to selected pathways, there were signifi-
cant changes at lower levels. There were 101 KOs that
were found to significantly differ between HT patients and
controls. Of the 101 KOs identified, 17 were involved in
the ko0110 metabolic pathway. The remaining pathways
identified consisted of 1-7 KOs, many with unknown
functions. Many KOs were found to be significantly
altered but, with no overall difference in microbiome func-
tion, the biological significance of these multiple lower-
level changes is unknown at this time.

Our findings suggest that there are important altera-
tions to the salivary microbiome after transplantation, but
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our study does have limitations. Participant demographics
differed between the groups with the control group con-
sisting of healthy university students while the HT patients
were, on average, older. However, the age difference
between the two groups may not be a serious issue
since, once established, the microbiome is relatively stable
throughout adulthood.>’ Additionally, medical history of
the control participants was self-reported. Ideally, age-
matched or spousal controls would be recruited, and
their microbiome used for comparison which would also
help to better control for environmental exposures. Over
100 KOs were differentially expressed between HT
patients and controls but, since there are still many
uncharacterized KOs and pathways, it is unknown what
biological impact this may have. One possible approach to
assess biological impact may be to explore differences in
the salivary metabolome and measure the differences in
end-products of bacterial metabolism within the salivary
microbiome. While differences can be identified between
the two study populations, it is not possible to understand
what these differences may mean clinically until more is
known about the underlying biological pathways and
functions. Finally, in future studies, sample size should
be increased in order to make more robust inferences
about microbial populations and allow for potential ana-
lyses between patient subgroups (eg, effect of different
immunosuppressive drugs and impact of non-cardiac
comorbidities such as diabetes or chronic kidney disease).
Finally, analyses of viruses and eukaryotes present in the
saliva need to be studied in order to obtain a complete
picture of the oral microbiome and the effects of
immunosuppression.

Conclusions

In this small pilot study, we did see significant changes in
the salivary microbiota after transplantation. There was
a loss of richness in the transplant samples and bacterial
composition differed between the groups with both alpha
(p = 0.0009) and beta (p = 0.001) diversity differing
significantly between the groups. There were also statisti-
cally significant changes (p < 0.01) in 101 individual
functional pathways which potentially indicate subtle
functional differences but the clinical significance of
these findings remains unknown at this time.
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