The forgotten oral microbial transplantation for improving the outcomes
of COVID-19
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Ever since the uncovering of the severe discrepancy of COVID-19 manifestations, irrespective of viral load, scientists have raced to locate and
manage factors contributing to the genesis of a critical state. Recent evidence delineates the role of oral dysbiosis in the development of low-
grade inflammation, characterized by the increase of inflammatory cytokines common to those fundamental to the development of severe
COVID. Furthermore, high periodontopathic bacteria were recorded in severe acute respiratory syndrome in COVID patients, as well as
its common provoking comorbidities such as diabetes and hypertension. This can be explained by the immigration and elimination of oral
bacteria into the airways, which, in the context of an injured lung, allows for their preferential overgrowth familiar to that, causing the
progression to advanced lung diseases. This is why we indicate the promising usage of oral microbiome transplantation as a treatment of
oral microbial dysbiosis, not only associated with the worst outcomes of COVID-19 but also in other disorders of low-grade inflammation.
© 2021 The Author(s). Published by Elsevier Ltd.
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symptoms. Most patients seem to have a mild form of the
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disease, and about 20% progress to severe disease, including
pneumonia, respiratory failure, and even death [2]. Besides, the

tients seem to be mediated by a differential immune response,
not the differential viral load, as was recently claimed [3]. Even
with the release of different vaccines to the market aiming for
fighting the disease by building antibodies against it, unfortu-
nately, there is still a great deal of doubt about its effectiveness,

success, and its ability to offer a long-term immune cover.

Coronavirus 2019 Disease (COVID-19) is a contagious disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which was emerged in Hubei, the Chinese
province in the Wuhan City, in December 2019 and rapidly
showed severe spread worldwide [|]. Remarkably, patients

with SARS-CoV-2 infection suffer from a wide range of

Oral microbial contribution to Low-Grade
Inflammation (LGI)

Low-grade inflammation (LGI), characterized by a chronic in-
crease in inflammatory cytokines (IL-6(Interleukin), TNF
(Tumour Necrosis Factor) a and IL-1-), is the cornerstone of

all the high-risk classifications for the development of severe
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COVID-19. Hyperglycemia, obesity and hypertension, all fea-
tures of metabolic syndrome (MetS), are believed to increase
the risk of cardiovascular disease and type 2 diabetes mellitus
and are all participating agents of LGI. In severe acute respira-
tory syndrome (SARS-CoV-2) patients, target tissues, including
the lungs, brain, gut, and kidneys, are infiltrated with proin-
flammatory macrophages and lymphocytes, leading to the
hypercytokinaemia that supplements LGl in MetS patients. It
has been found that patients with IL-6 levels of >80 pg/ml have
a greater risk of developing respiratory failure by 22 times than
patients with lower IL-6 levels [4].

Recent studies prove that oral dysbiosis contributes to
chronic low-grade local and systemic inflammation. With that
being said, we still have no concrete evidence of how oral
dysbiosis causes systemic inflammation. Nevertheless, Soc-
ransky et al. outlined the possible mechanisms by which oral

dysbiosis promotes systemic inflammation as follows: [5].

| Immune system stimulation produces proinflammatory
cytokines, mainly in the form of IL-6 and IL-8

2 Proteases secretion activate the complement system

3 Periodontal pathogen and their inflammatory products
direct invasion resulting in inflammation. According to
Socransky et al., Gram-positive aerobes showed an
elevated presentation in healthy controls compared to
periodontitis patients who showed around 85% of Gram-
negative bacteria. The previously mentioned bacteria
occupy the intact epithelium of a periodontal pocket and
eventually gain access to the circulation leading to the
systemic dissemination of bacterial products.

4 Disturbances in the hypothalamic-pituitary-thyroid
axis modify the periodontal status through immune

system alteration [6].

Increased levels of systemic inflammatory markers are seen
in individuals suffering from periodontitis, including C- Reactive
Protein (CRP), IL-6, haptoglobin, and fibrinogen. According to
Rai et al., there is a link between oral dysbiosis and increased
interleukin 8 (IL8) levels, as well as interleukin 6 (IL-6), tumour
necrosis factor (TNF-a), granulocyte monocyte colony-
stimulating factor (GM-CSF), and interferon y (IFN- y), be-
sides increasing the susceptibility to developing oral cancer [7].

Oral microbiome predisposing to lung damage
The anatomic assembly between the oral cavity and the lungs
offers plenty of opportunities for oral flora to impact lung flora
in health and disease [8].

The lung is constantly subjected to a level of microbe
immigration and elimination through the mucosal defence and

mucociliary clearance. The level of microbes that migrates to

© 2021 The Author(s). Published by Elsevier Ltd, NMNI, 43, 100923

the lungs is found in abundance in the upper respiratory tract
and oropharynx, which has a direct form of association with the
lungs [9].

Composition of lung microbiota and its link to the oral cavity. A
theory supported by Charlson et al. states that the respiratory
tract from the nasal and oral cavities to the upper and lower
airways are contiguous, and the microbiota could be indistin-
guishable [10].

The lung microbiota displays vast variations between
individuals and differences between sites in the lung resulting
from waves of elimination/immigration and differences in dis-
tance from the mouth, which serves as the source of the
community. In healthy individuals, Streptococcus, Neisseria,
Haemophilus, and Fusobacterium are the most abundant genera
in the lungs [12].

It has been established by Huffnagle et al. that a perio-
dontopathic strain, namely Prevotella gingivalis, precipitates the

pulmonary inflammation cascade via Th |7 in a mouse model

[11].

A triple relationship between chronic inflammatory disorders-
periodontopathic oral microbiota and worst outcomes of COVID-
19. Prevotella gingivalis, predominating in the lung micro-
environment of severe COVID-19 infection—Metagenomic in-
vestigations of patients withextreme intense respiratory dis-
order coronavirus recently detailed the expanded reads of
periodontopathic microbes, especially Prevotella gingivalis. This
demonstrates the concept of interaction between the oral
microbiome and COVID-19 complications. Evidence proposes
that periodontopathic microbes are involved in the pathogen-
esis of respiratory illnesses, like those involved in COVID- 19,
and are related to chronic inflammatory systemic diseases such
as hypertension, type 2 diabetes, and cardiovascular diseases.
These diseases are, as often as possible, detailed comorbidities
that lead to an expanded risk of fatal complications [I3].

By comparing the microbial composition of healthy people
with that encountered within the lung microenvironment of
COVID-19, it is obvious that the prevalence of two perio-
dontopathic strains, specifically Prevotella and Veillonella.
Furthermore, Prevotella has different roles within the patho-
genesis of asthma, as well as in disorders of low-grade inflam-
mation such as atherosclerosis [5].

Several mechanisms have been suggested to demonstrate
how periodontopathic strains colonizing the lung facilitate
SARS-CoV-2 entry and mediate damage, the most felicitous
being the abolishing of the immune surveillance. The exposure
of alveolar macrophages to lipopolysaccharide secreted by
periodontopathic strains induces immune tolerance to Lipo-
polysaccharide (LPS) and similar endotoxins. This immune
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tolerance attenuates the subsequent immune response to
similar pathogens and thus facilitates the escape of viruses such
as SARS-CoV-2 from local immune cells within the lung milieu
[13—-16].

Relationship of chronic inflammatory disorders such as diabetes to
outcomes of COVID-19 and to the oral microbiome—Chronic
inflammatory diseases such as diabetes and obesity have
shown an explicit direct correlation with oral microbiome
competence. Periodontal pathogenic bacteria, such as A.
actinomycetemcomitans and P. gingivalis showed a spike in
their flourishing rate, with uncontrolled glycaemic values and
evident diabetes risk. Unfortunately, the accessibility of direct
investigations emphasising the synergy between the oral
microbiome and diabetes have been very inadequate,
restricting the outcome of precise conclusions. A study was
conducted, including 29 morbidly obese volunteers, involving
I3 diabetes patients; the genus Bifidobacteria in the phylum
Actinobacteria displayed a lower copiousness in diabetic pa-
tients. Further study, including |1 controls and 20 diabetic
patients, two genera, Streptococci and Lactobacilli, in the
phylum Firmicutes were found to be more evident in the
diabetes patients. On the other hand, the biological specimens
used in these two studies were assembled post disease diag-
nosis, which may have contributed to unreliable conclusions
as disease condition and plan of treatment could lead to
manipulating microbial profiles. Moreover, the sample size of
the studies implemented was noticeably insufficient to reach a
solid conclusion [17].

In addition, Chakraborty did not detail in his report the
comorbidities in severe COVID |9 patients whose BAL samples
demonstrated periodontopathic stains [I8].

This means that we cannot conclude whether he coexistence
of periodontopathic strains as P. gingivalis in severe COVID-19
patients’ lung microenvironment is only a coincidence due to
their underlying proinflammatory comorbidities as DM, or
these strains directly induce the lung damage observed in such
patients or a mixture of both theories.

We, thereby, hypothesize that the replacement of oral
microbiome by taxa from healthy individuals can be an efficient
adjuvant therapy in patients with LGl in general, specifically
COVID-19 patients, to mitigate its complications.

Faecal microbial transplantation (FMT), a promising
strategy for regression of systemic and intestinal
inflammation, but with major setbacks

Currently, FMT is an established technique, which involves
transfer of faecal or stool matter from a healthy donor and its
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insertion in the Gl tract of patients to correct dysbiosis and
restore healthy conditions.

FMT has already been widely used for the treatment of local
intestinal inflammatory disorders such as traditional antibiotic
therapy-resistant recurrent Clostridium difficile infection
(rCDI), with an efficacy of >90%. For this reason, it is now
considered, as well in other intestinal disorders such as In-
flammatory Bowel Disease (IBD), as an experimental treatment
and labelled as New Drug Development by the Food and Drug
Administration in 2016 [19,20].

Initial clinical studies were implemented to follow up patients
that had ulcerative colitis and Crohn’s disease, illustrating a
long-term alleviation of their clinical manifestations, along with a
noticeable histological and endoscopic improvement in some
patients. Furthermore, a meta-analysis was conducted, including
nine studies showing an abatement rate of 36.2%; however, the
outcomes depend on various factors as age, route of adminis-
tration whether via nasojejunal tube, colonoscopy or enema,
dose and the preparation of the donor’s faeces. In particular,
age is a factor that showed noticeable results, as it was proven
that younger patients, with ages between 7 and 20 years old,
had significantly high remission rates. Moreover, according to
certain statistics, faecal microbiota transplant showed more
promising results in Crohn’s disease than in ulcerative colitis
with remission rates of 60.5% and 22%, respectively. Interest-
ingly, the latter statistic can be taken in a reversed manner, as a
study was previously done involving |5 patients with steroid-
dependent ulcerative colitis that received faecal microbiota
transplant via colonoscopy, presenting with a preserved
remission rate in 57% of the cases [21].

The promising local effects of faecal transplantation have
encouraged its use for diseases of systemic inflammation,
particularly multiple sclerosis. Borody and colleagues reported
a reversal of significant neurological symptoms in three MS
patients after FMT. These findings suggest that FMT can reverse
MS-like symptoms, probably through the reversal of the low-
grade inflammation underlying its pathogenesis [22].

Table | highlights the ongoing clinical trial of the use of FMT
for the management of disorders of LGI.

Despite its promising results, there are multiple concerns
about the generalization of faecal transplantation. One of the
major concerns in the FMT is the uniformity of its delivery to
patients. Several methods have been tried, the commonest of
which are via nasojejunal tube and colonoscopy. When FMT
was delivered via the nasojejunal tube, patients experienced
high fever and C-reactive protein elevation. Moreover, cases of
perforation, bleeding, and symptoms associated with anaes-
thesia have been documented while using colonoscopy [23].

As mentioned by Nejadghaderi, the role of the faecal

microbiome in mediating low-grade inflammation can incite the
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Review of Clinical trials involving faecal microbial transplantation in treating extra-intestinal inflammatory disorders

Clinical trial identifier Disease/condition Trial status Sponsor Country
NCT02741518 Obesity Phase | Brigham and Women’s Hospital USA
NCT02530385 Obesity Phase 2 Massachusetts General Hospital USA
NCT03926286 Sjogren’s Syndrome Phase | University of Miami USA
NCT02255617 Hepatic Encephalopathy Phase | University of Alberta Canada
NCT02960074 Peanut allergy Phase | Boston Children’s Hospital USA
NCT03594487 Relapsing-remitting MS Phase | University of California, San Francisco USA
NCT03998423 Alzheimer’s disease (AD) Phase | University of Wisconsin, Madison USA
NCT03353402 Metastatic Melanoma Patients Who Failed Immunotherapy ~ Phase | Sheba Medical Center USA
NCT03341143 Melanoma Melanoma University of Pittsburgh USA
NCT04014413 a variety of dysbiosis-associated disorder N/A Chinese University of Hong Kong China
NCT04251767 COVID-19 Complicated with Refractory Intestinal Infections N/A The Second Hospital of Nanjing Medical University China
NCT03058900 Psoriatic Arthritis Completed Odense University Hospital Denmark
NCT03279224 Bipolar Depression Phase 2: Allogenic =~ Women’s College Hospital Canada
Phase 3: Autologous
NCT03281044 Major Depressive Disorder Melanoma Psychiatric Hospital of the University of Basel Switzerland

Abbreviations: USA: United States of America.

use of FMT as a potential strategy in critical patients with
COVID-19. The latter strategy was proposed in a clinical trial
‘NCTO04251767, although it has been halted probably due to
the fear of the previously mentioned complications of FMT.
[24].

Why oral microbial transplantation (OMT) can be a
better strategy

Due to its reassuring outcomes, the recent utilization of oral
microbiome transplantation has garnered notice over that of
the faecal microbiome, which has exhibited impediments and
side effects, as stated before.

Aided by system-level studies of oral microbiota that identify
novel molecular targets for the bacteria, OMT displays the
potential of being a distinguished tool of probiotic therapies
essential for the treatment of the array of human diseases
affiliated with microbial dysbiosis [25].

Pozkhitov approach. Pozhitkov first proposed OMT by listing the
following theoretical steps [26].

I) The acquirement of supra-gingival plaque from a caries-free
donor (preferably related to the recipient),

2) The preservation of the collected plaque in saline, and

3) The transplantation of the collected plaque by use of a
nylon swab to the teeth of the recipient.

Nascimento adjustments of the former approach. Just as the
transfer of faecal microbiome from healthy subject, was first
indicated for the treatment of bowel disorders, in 2017, Nas-
cimento et al. advocated for the transplantation of oral biofilms
from healthy subjects, known as OMT, for the treatment of
dental disorders such as periodontitis [27].

He adjusted the former technique by adding the following
prerequisites:

© 2021 The Author(s). Published by Elsevier Ltd, NMNI, 43, 100923

- To evade the complications of cariogenic bacteria such as
streptococcus mutans, the donor (irrespective of the
relation to the recipient) should have a healthy oral
microbiome void of cariogenic bacteria.

The transplanted bacteria must exhibit the ability to colonize
the diseased microbiome by reacting to it through the
secretion of bacteriocin and hydrogen peroxide, impeding
its growth and thus effectively restoring and conserving

local and systemic immune functions [27].

Promising results in periodontitis. Pozhitkov et al. have conducted
a study, including 16 healthy white adults with clinical mani-
festations of periodontitis, illustrating how OMT can be a
forthcoming line of therapy. The process is quite schematized,
starting with the assembling of sub and supra-gingival micro-
biota from healthy donors, with a further screening of the
samples harvested in an in-vitro antimicrobial protocol to be
safely used in the recipient’s oral cavity. This is followed by
extensive cleaning, root planing, and administering a wide-
spectrum antimicrobial agent in the form of sodium hypo-
chlorite (NaOCI) to the recipient patient. The NaOCI sample is
then neutralized by a sodium ascorbate buffer and inundated
with the microbial specimen previously collected from the
healthy donor with periodontitis in the regression phase.
Recently, NaOCI can be used with a moderate concentration
range cautiously for the preliminary elimination of the oral
microbiota prototype. The prior concentration rates of NaOCI
can be deliberately neutralized before the transplantation pro-
cess for safer results. Hereby, the outcomes concluded through
the previous study demonstrates that the specific oral micro-
biome specimens found in the healthy donors with periodontitis
can be affirmatively transplanted to the diseased patients [26].

Advantages of OMT over FMT. This generated the opportunity
for a challenge between OMT and FMT due to the cost-
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effectiveness, simplicity, and genetic stability afforded by the
transplanted biofilms and the stability of the oral microbiome
compared to other body niches such as the gut.

Another advantage is the strong evidence of the interplay
between the oral microbiome and SARS-CoV-2’s ability to
invade the lung mucosal barrier. Replacing the strains associated
with lung predisposition to COVID-19, such as Prevotella, can
minimize the ability of COVID-19 to cause significant lung
damage, while the gut-lung microbial axis remains largely
hypothetical.

However, further studies, clinical trials, and long-term follow
up are needed to understand oral microbiota dynamics and
provide new insights on how a dysbiotic microbiota can be
successfully replaced by a health-beneficial flora [26,27].

Advantages of OMT to the classic treatment of periodontitis. Chen
et al. compared in a recent study the microbial diversity of
patients with periodontitis before and after treatment to
healthy controls. They found that despite the improvement of
the oral microbiome profile after four weeks of treatment, and
the enhancement of microbial species that have a role in
regulating inflammation, the microbiota profile of healthy con-
trols still differed significantly when compared to patients after
treatment. This finding shows how hypothetical OMT can be of
greater efficacy when compared to classic treatment of

periodontitis:

- It will ‘clone’ the microbiota profile of healthy controls, and
this will create a microbial niche more efficient in
antagonizing low-grade inflammation

- It will achieve this goal within a few hours or days compared
to a minimum of four weeks in the classic treatment of
periodontitis [28].

Choosing the suitable COVID-19 candidates and the
suitable donors for OMT in COVID-19 patients

When to transplant, early in the course of the disease or late in
established critical patients. Owing to the predominance of a
paucisymptomatic presentation in the majority of SARS-CoV-2
patients, we suspect that OMT will implement the most ben-
eficiary effects in patients with pre-existing chronic inflamma-
tory disorders such as diabetes or obesity. These individuals are
amongst a minority of COVID patients, often experiencing a
detrimental delayed inflammatory response due to an ineffec-
tive unregulated early response. Moreover, their oral microbial
profiles are presumed to correspond to the respiratory
periodontopathic strains of critical COVID-19 patients. Ideally,
this procedure should be performed before the development of
complications to halt the incriminated unregulated immune

process and minimize the need for hospitalization [29].
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Choice of donors. Several clinical trials, as well as evidence from
other healthcare applications, studying the efficiency of FMT
through recurrent CDI treatment, for instance, has shown
disparate responses owing to a multitude of variables.
Expressly, the role of microbial diversity and composition of the
transplanted stools is notable. This generated the term ‘super-
donors,’ alluding to the donors guaranteeing a more favourable
impact in comparison to other faecal donations. Furthermore,
some oral microbiota categorically improves the lung milieu of
COVID-19 patients, such as Streptococcus mutans and
Eubacteria. Therefore, donor supra-gingival plaques ought to be
screened for predicted favourable organisms, as well for the
absence of Prevotella gingivalis, associated with the worst
outcome in the lung micro-environment of COVID-19 patients.
Moreover, the absence of SARS-CoV-2 antigens should be
ensured in the donor’s saliva to prevent intensifying the

recipient viral load [30].

In conclusion, OMT shows very promising results, and upon
clinical trials, it can prove that its benefits can outweigh faecal
transplant due to the factors stated above and that it can help
in the treatment of systemic diseases and in taming the low-
grade inflammation of COVID-19. This statement will
remain largely speculative until clinical trials prove its feasi-

bility and success.
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