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Introduction

Abstract

Eosinophilic esophagitis (EoE) is an atopic disease of the esophagus that has shown a sig-
nificant increase in incidence and prevalence in the last 20 years. The etiology of EoE is
unclear, and few studies explore the esophageal microbiota in EoE. The local microbiome
has been implicated in the pathogenesis of several allergic and inflammatory diseases, such
as asthma and eczema. In this study, we performed a systematic review to evaluate differ-
ences in the microbiota profile of patients with EoE compared with controls. MEDLINE,
Embase, Cochrane Library, Scopus, and CINAHL (Cumulative Index to Nursing and Al-
lied Health Literature) databases were searched to identify studies investigating the micro-
biota composition in EoE. Three reviewers screened the articles for eligibility and quality.
Seven articles underwent full-text review, and a narrative synthesis was undertaken. The
microbiota of the mouth and esophagus are correlated. Patients with active EoE present in-
creased esophageal microbial load and increased abundance in particular species, such as
Haemophilus and Aggregatibacter. On the other hand, EoE patients present a decrease in
Firmicutes. High microbial load and abundance of Haemophilus are observed in EoE pa-
tients, but little evidence exists to demonstrate their influence on inflammation and disease.
Understanding microbial signatures in EoE might contribute to the development of novel
therapeutic strategies.

tissue-resident antigen-presenting cells (APC) activate CD4+ T

Eosinophilic esophagitis (EoE) is an increasingly common chronic
allergic disease characterized by eosinophilic inflammation in the
esophagus and a type 2 immune profile. The pathophysiology of
EoE is not entirely understood; however, evidence suggests that
an impaired epithelial barrier allows contact between allergens
and the esophageal mucosa, leading to the release of alarmins by
the epithelium. Alarmins then initiate, through type 2 innate
lymphoid cells (ILC2s) and basophils, an immune response that
consists of the release of several cytokines, including 1L-4, IL-5,
and IL-13." Those cytokines induce eosinophilic inflammation
and further barrier disruption. In parallel with this process,
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helper type 2 (Th2) cells following contact with the antigen.
Through cytokine signaling, Th2 cells recruit and activate eosino-
phils, mast cells, and plasma cells, which induce the localized pro-
duction of IgE and IgG4.> The release of IgE then triggers the
release of TGF-B from mast cells, which leads to further inflamma-
tion and tissue fibrosis.*

EoE causes heartburn, dysphagia, food impaction and, if inflam-
mation is left untreated, can progress to fibrostenosis.® In children,
EoE can also cause feeding intolerance, nausea, vomiting, and
failure to thrive.” The pooled incidence is 6.6 per 100 000 cases
in children and 7.7 per 100 000 in adults, and the prevalence is
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34.4 cases per 100 000 inhabitants. Previous research has demon-
strated that sex is a significant risk factor for EoE, where males
have three times increased susceptibility in comparison to females.®
Current treatment options include dietary exclusion of trigger
foods, continuous pharmacological treatment with a proton-pump
inhibitor (PPI) or topical corticosteroids, and endoscopic dilations
in fibrotic patients.”

Patients with EoE commonly present with concomitant atopic
disorders such as rhinitis, asthma, and eczema. However, these
conditions have not been proven to predispose to EoE.'® The local
microbiota is implicated in the pathogenesis of several atopic
diseases.'""'? Park er al. published a systematic review in 2020
on the esophageal microbiota in health and disease, including
esophageal cancer, Barrett’s esophagus, and two EoE articles.?
The rise in microbiome studies led to a rapid increase in published
articles on the microbiome in EoE. Here, we review all available
articles to identify and appraise existing information from pub-
lished peer-reviewed literature on the local microbiota, specifically
in EoE.

Until recently, the esophagus was not considered to have a
mucosa-associated microbiome, although the rise of the small ri-
bosomal subunit (16S rRNA) gene amplicon sequencing has
allowed growth-independent organism characterization, which in-
dicates that this organ contains a resident microbial population that
shifts in different health states.'*

We hypothesize that an inflamed esophageal mucosa will impact
tissue metabolism, influencing the expression of bacterial viru-
lence factors within the microbiota. It is believed that these viru-
lence factors may contribute to even further inflammation and
eosinophil recruitment. To address this hypothesis, we synthetized
peer-reviewed data to investigate the possibility of a distinct
microbiome in EoE patients.

Methods

Protocol and registration. We followed the recommended
approach described in the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) statement.'> The pro-
tocol for this review has been registered at the International
Prospective Register of Systematic Reviews (PROSPERO) under
the registration ID CRD42020172862.

Search strategy. MEDLINE, Embase, Cochrane Library,
Scopus, and Cumulative Index to Nursing and Allied Health
Literature (CINAHL) databases were searched for relevant studies
published within 1993, when EoE was described as a
clinical-pathological ~ disorder distinct from eosinophilic
gastroenteritis,'® and January 2022.

Studies were retrieved and independently screened by three
authors. Based on our inclusion and exclusion criteria, relevant
studies were selected to be full text screened.

The following search strategy was used for MEDLINE: eosino-
philic esophagitis OR eosinophilic oesophagitis OR ee OR eoe OR
esophagus OR oesophagus OR esophageal OR oesophageal OR
esophagi OR oesophagi; AND microbiota OR microbiome OR
microenvironment OR microflora OR flora OR microorganism
OR bacteria AND 16S OR RNA OR Ribosomal. This keyword
strategy was adapted and reviewed to fit the other databases.
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Eligible peer-reviewed articles and gray literature were included
in this review. Disagreements were settled by discussion between
the authors.

Inclusion and exclusion criteria. Case—control studies
that identified the oral and esophageal microbial population by
16S rRNA sequencing of adult and pediatric patients diagnosed
with EoE were selected for inclusion in this review. Studies with
publication dates prior to 1993 were excluded, as were studies that
adopted any microbial identification methods other than rRNA se-
quencing or that were not published in English. Reviews were also
excluded.

Outcome measures. The primary outcome is to identify
characteristics in the microbiota of patients with EoE, allowing
us to determine if there is a typical bacterial profile in EoE. This
could allow a better understanding of how commensal bacteria be-
have in an EoE environment. Data extracted from each study in-
cluded title, year of publication, country of study, number of
subjects (cases and controls), treatment status, sample type and
site, 16S rRNA gene region of analysis, bacterial abundance, bac-
terial diversity, and final conclusions.

Quality of studies. The quality of the articles was assessed
by two reviewers and scored based on the Newcastle-Ottawa Scale
(NOS)."” The NOS evaluates the quality of group selection, group
comparability, and exposure for case—control studies. Each com-
ponent is awarded zero or one point (marked as a star *), except
for the comparability item, which may receive one or one two
stars. Studies that sum up 1-3 starts are classified as low quality,
4—6 stars are moderate quality, and 7-9 stars are considered high
quality.

Results

A total of 956 articles were identified in the initial literature search.
Thirty duplicates were identified and excluded. After the exclusion
of duplicates, 926 studies were screened. Thirty-six relevant stud-
ies were selected for full-text screening, and a final number of
seven full texts and three abstracts were included in this review.
The majority of studies were excluded because the subjects pre-
sented with conditions other than EoE. These results are summa-
rized in Figure 1.

The studies included in this review analyzed esophageal biop-
sies or brushings, saliva, and oral swabs from adult and children
with and without EoE. A total of 471 patients were included, how-
ever, due to the diversity in sample type and the employment of
different primer regions for bacterial sequencing, the results could
not be pooled for a single analysis, instead, we assembled compa-
rable measures among studies. This information is outlined in
Table 1, while a summary of the bacteria reported in the studies
can be found in Table 2.

Oral and esophageal microbiota are comparable in
eosinophilic esophagitis. Two studies analyzed the oral
microbiota in EoE cohorts using 16S rRNA sequencing. Benitez
et al."® compared the oral and esophageal diversity of 68 (33 cases
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Figure 1

and 35 controls) pediatric patients and showed a correlation be-
tween the two sites across patients (Mantel correlation = 0.16,
P =0.008; Procrustes R2: 0.15, P =0.009), despite the substantial
differences found between oral and esophageal microbiotas. The
main differences were that some members of the phylum
Firmicutes, including Clostridium, Eubacterium, Megasphaera,
Mogibacterium, and Moryella were detected almost exclusively
in esophageal samples regardless of disease status. The
Atopobium genus of Actinobacteria phylum was predominantly
seen in the esophageal biopsy but present in a few oral samples.
Neisseria and Corynebacterium were enriched in EoE samples,
while Streptococcus and Atopobium genera were consistently
enriched in non-EoE control samples.

Dietary changes did not influence the composition of the esoph-
ageal microbiota (dietary intervention Adonis P-values: weighted
UniFrac P = 0.220; unweighted UniFrac P = 0.450), the addition
of food triggers led to an enrichment in Granulicatella and
Campylobacter genera in the esophagus of EoE patients
(Granulicatella.denovo347: P < 0.0363; Granulicatella.
denovo3064: P < 0.0358; Granulicatella: P < 0.0362;
Campylobacter: P < 0.0081. Raw Kruskal-Wallis P-values from
significant features detected using LEfSe).

Alpha diversity was represented by sample richness, evenness,
and Shannon indexes. Wilcoxon rank-sum test concluded no
significant differences were detected between non-EoE controls,
active EoE, and inactive EoE subjects.'® The findings of this study
suggest that an active, eosinophil-rich, inflamed tissue is
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PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram of selected studies.

associated with a distinct shift in the relative abundance of crucial
esophageal microbes (Neisseria and Corynebacterium), but not in
overall community structure.'®

Hiremath et al.'® analyzed the salivary microbiota of 45 (26
cases and 19 controls) children aged 6 to 18 years old. This study
showed that beta diversity was comparable among the three
groups: non-EoE controls, active EoE, and inactive EoE
(Bray-Curtis index; P = 0.93). At the genus level, children with
active EoE had a lower relative abundance of Leptotrichiaceae
family members (base mean = 12.9726, log, fold
change = —3.3750, ¢ value = 0.04) (base mean = 99.8522, log,
fold change = —1.4859, ¢ value = 0.05), genus Lactobacillus (base
mean = 8.2011, log, fold change = —2.8941, ¢ value = 0.05), and
genus Streptococcus (base mean = 2543.5310, log, fold
change = —2.2904, g value = 0.06) compared with non-EoE
controls, while non-EoE controls had a higher relative abundance
for the Neisseriaceae family compared with active EoE (base
mean = 75.0051, log, fold change = 3.5347, ¢ value = 0.006).

Additionally, a significantly higher relative abundance of
Haemophilus  (base mean =  1858.625, log, fold
change = —3.111, ¢ value = 0.008) was observed when children
with active EoE were compared children with inactive EoE.
Relative abundance of Haemophilus had a significant correlation
with esophageal mucosal abnormalities (base mean = 1942, log,
fold change = 1.4332, ¢ value = 5.370e-10) and histopathologic
severity as assessed by the EoE histology scoring system (base
mean = 2014.595, log, fold change = 5.8667, ¢ value < 0.001).
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PPI use was associated with a higher abundance of Streptococ-
cus (base mean = 2687.9599, log, fold change = 3.1740, ¢
value = 4.28¢-05), Corynebacterium (base mean = 77.8230, log,
fold change = 3.0577, ¢ value = 0.001), and Rothia (base
mean = 38.4750, log, fold change = 1.2574, ¢ value = 0.01). Al-
though the PPI use was not significantly associated with a differ-
ence in microbial richness, or alpha or beta diversity, the
richness and alpha diversity tended to be lower in children who
were using PPIs (all P > 0.20).

Quality of the
study
abstract
abstract

Microbial load: A comparison between eosino-
philic esophagitis and gastroesophageal reflux dis-
ease (GERD). Two papers were identified in this review as
investigating the esophageal microbial load in EoE.***" The first
by Harris er al.*® analyzed the microbiota of 70 subjects, including
pediatric and adult patients with active EoE, treated EoE, Gastro-
esophageal reflux disease (GERD) and normal controls using
esophageal brushings captured with the “esophageal string test”.
EoE patients presented increased abundnance of Haemophilus,
Pasteurella, Fusobacterium, and Aggregatibacter and reduced
abundance of Actinomyces, Veillonella, and Rothia. Haemophilus
was identified as significantly increased in untreated EoE com-
pared with normal control subjects (P = 0.047). All groups were
positive for Haemophilus, but the relative abundance was signifi-
cantly higher in untreated EoE subjects than control subjects or
GERD.

In addition, the average bacterial load detected in all subjects
with EoE was greater than that determined from normal subjects
(P < 0.01). Epithelial eosinophilia did not influence the load of
bacteria. The average bacterial load found in GERD subjects was
also significantly increased relative to that of the esophagus in con-
trol subjects (P < 0.0001), suggesting that the load of bacteria is
associated with an inflamed esophagus and not only in EoE pa-
tients. However, the bacterial load was increased in subjects with
EoE independent of the diagnosis, treatment, or disease activity
(P < 0.01), indicating that high microbial load may also be asso-
ciated with post-inflammation status or underlying disease
processes.

Secondly, Arias e al.*' analyzed the microbial load of 10 PPI
non-responsive EoE patients, and 10 non-EoE controls. Biopsies
from EoE subjects were taken before and after a 6-week 6-food
elimination diet (FED) that induced histological and clinical remis-
sion. The average bacterial load detected in esophageal samples of
subjects with active EoE was 2.85-fold higher compared with
non-EoE control samples (P < 0.002). Microbial load subse-
quently normalized (1.16-fold increase) following six food elimi-
nation diet-induced disease remission (P < 0.005).

Active EoE: 1 Actinobacillus, Alloprevotella, Spirochaetes abstract

PPI responsive EoE: 1 Actinomyces, Catonella,
Non-active EoE: T Firmicutes

Porphyromonas

PPI non-responsive EoE: * Gemella, Hallela
Esophagus:

Non-active EoE: 1 Clostridia

EoE: 1 Bacteroidetes
Controls: * Bacteroidia

Findings
Colon:

18 controls, 7 reflux esophagitis, 6 active

EoE, 7 treated EoE, 5 untreated IBD,

22 healthy, 5 PPI-responsive EoE, 9
5 treated IBD

Patient number/PPI status
PPI-non responsive EoE

8 active, 8 inactive

Pediatric cytology brush samples

Sample
Pediatric biopsy
Not specified

Analysis of bacterial abundance for predicted
metabolomics content. The most recent published article
on the EoE microbiota®® uses 16S rRNA sequencing and compre-
hensive bioinformatics techniques to thoroughly interrogate the
data. While most other studies reported here focus on the microbi-
ota taxonomy, Laserna-Mendieta and co-authors predicted
(PICRUSt2) the enzymatic functions and metabolic pathways of
the EoE microbiota. Regarding microbiota composition,
Firmicutes, Proteobacteria, and Bacteroidetes were the predomi-
nant phylum across all groups, respectively. This study showed

Primer
region

% Not
specified
V4
Not
specified

(Continued)

Table 1

Study
Parashette et al.
Smith et al.*®
Ghisa et al.”’
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that Streptococcaceae was the most abundant family in all condi-
tions, and Streptococcus was the most represented genus, conflict-
ing with Benitez et al’s'® article where Streptococcus was
increased in non-EoE only.

Even though no substantial differences were seen between
groups, control patients presented higher Proteobacteria and lower
Bacterioidetes abundance compared with EoE patients. Patients
treated with swallowed topical steroids showed a lower abundance
of Firmicutes and a higher proportion of Proteobacteria,
Bacteroidetes, and Fusobacteria. Patients treated with PPIs pre-
sented lower Bacteroidetes and Fusobacteria abundance compared
with active EoE patients.

Laserna-Mendieta et a also showed that Filifactor,
Parvinomas, and Porphyromonas were less abundant in active
EoE than controls. Those three genera have not been identified
in any of the previous studies. This study also showed that
Parvimonas displayed a partial recovery after therapy (adjusted
P-value = 0.679, unadjusted P = 0.036), while Filifactor and
Porphyromonas showed a slightly lower abundance after treat-
ment. Porphyromonas was the most abundant among these genera,
being detected in 92% of the individuals.

Based on the microbiota composition and how its products may
influence the host metabolism and affect the health state, Laserna
and colleagues performed function predictions. It was identified
that oxidation/reduction of sulfur groups via a ferricytochrome
acceptor was notably different between treatments. The increase
of this predicted oxidoreductase enzyme (EC 1.8.2) was observed
in the post-swallowed topical corticosteroids (STC) group relative
to EoE baseline (P = 0.082), post-PPI (P = 0.060), and post-FED
groups (P = 0.048). PICRUSt2 assigned these functions to
Proteobacteria and Bacteroidetes, particularly to ASVs in the
genus Pseudomonas and several unidentified ASVs in the
Burkholderiaceae family. Metabolism of amino acids arginine
and ornithine (pathways ARGSYN and GLUTORN) were higher
in active EoE than in controls. Controls indicated higher degrada-
tion of 4-aminobutanoate (pathway 5022) than active EoE and in-
active post-PPI and FED. Peptidoglycan synthesis and -lactam
resistance (pathway 6470) were higher in post-FED samples than
after STC treatment.

1.22

Effect of swallowed topical corticosteroid on
bacteria and fungal communities. Benitez et al*
published a second paper on the microbiome of EoE, being the
first to report the fungal microbiome in EoE. Streptococcus,
Prevotella, and Alloprevotella were predominant in all groups.
Despite the bacterial community composition not being signifi-
cantly different between groups, Alloprevotella was decreased in
both active (¢ = 0.02) and inactive EoE (¢ = 0.001), and the
abundance of Haemophilus was increased in active EoE subjects,
compared with non-EoE controls (¢ = 0.02).

This study also investigated the effect of STC on microbial
communities. No significant differences associations with STC
were found in regards to bacteria. However, the relative abun-
dance of Actinobacillus was lower in the presence of STC,
compared with steroid-naive patients. The relative abundance
of Haemophilus was lower in active STC non-responders com-
pared with active STC-naive subjects (P = 0.004), suggesting
that STC reduces the Haemophilus signature in active EoE. In

Journal of Gastroenterology and Hepatology 37 (2022) 1673-1684

The microbiota in EoE

regard to fungus, Candida, Cladosporiaceae, and Malassezia
were predominant fungal taxa across all groups. While
Agaricomycetes, Candida, Cladosporiaceae, and Peniophora
were most present in control samples. Candida was increased
in controls compared with steroid-naive EoE patients
(P = 0.002). Candida was significantly increased in
STC-treated in comparison to untreated subjects (P = 0.007),
as expected based on previous observations of a higher Candida
infection rate during STC therapy.

Microbial response to proton-pump inhibitors. A
study lead by Johnson er al** analyzed 24 PPI non-responsive
EoE cases and 25 non-EoE controls and found no significant dif-
ferences in the esophageal microbiome between cases and controls
or within EoE cases based on clinical features.

However, the use of PPIs was significantly associated with five
taxa, including SR1 at the phylum level and Burkholderia,
Eikenella, and Kingella at the genus level in cases and controls.
All cases and nine controls were on PPIs at the time of endoscopy,
which prevented further exploration of additional clinical features
and PPI use.

Gray literature. Parashete et al.*® analyzed esophageal biop-
sies from 22 normal controls, 5 PPI-responsive esophageal eosin-
ophilia, and 9 PPI-non responsive EoE subjects. There was a
high presence of Gemella (P < 0.01) and Hallela (P < 0.01) in
the EoE group and Neisseria in the control group.

Another published abstract’® analyzed the esophageal
microbiotas of 18 controls, six active EoE patients, and seven
treated EoE patients and showed that untreated EoE patients had
a higher average proportion of Bacteroidetes than controls
(24.8% vs 10.4%, P = 0.13). Ghisa et al.*” showed, for the first
time in EoE patients, the presence of Spirochaetes in the mouth,
esophagus, and stomach, in addition to higher abundance of this
phylum in active EoE. We speculate the Spirocheates to be
Treponema, as it is commonly found in dental plaque. However,
further studies are needed to confirm.

The gray literature studies presented interesting results
supporting findings from peer-reviewed papers such as the
increase of Bacteroidetes in active EoE*>2® and report of specific
genus for the first time as significantly contrasting on EoE studies,
such as Spirochaetes.*’

Discussion

The microbiota has been linked with the initiation and/or perpetu-
ation of inflammation in mucosal surfaces. Thus, it is compelling
that we investigate the role of the microbiota in esophageal mu-
cosa inflammation. However, the microbiota in EoE has not been
widely studied. Here, we gather all EoE microbiota sequencing
studies published thus far. Our main findings showed that patients
with active EoE have increased microbial load, as well as
increased abundance of Haemophilus and decrease of specific
members of the Firmicutes phylum.

Arias et al.>' showed that bacterial load and specific Toll-like re-
ceptors (TLR) are overexpressed in the esophagus of EoE patients
compared with controls and that those changes were normalized
after 6-FED and mucosal healing. TLRs are a type of microbial
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pattern recognition present on epithelial and lamina propria cells,
and are capable of differentiating pathogens and commensal
microorganisms.”’ This suggests that increased exposure of the
microbiota and microbial products to the impaired esophageal mu-
cosal barrier may increase the release of alarmins by the epithelial
cells in the esophagus, resulting in the advancement of esophageal
inflammation.

Our systematic review highlights that the oral and esophageal
microbiotas are correlated'®; it is likely that the oral microbiota
shapes the esophageal microbiota by the swallowing of microor-
ganisms and associated products. Also, microbial load is consis-
tently shown to be increased in the esophagus of active EoE
patients. Masterson ef al.%” exhibited that Hypoxia-inducible fac-
tor (HIF)-1a is decreased in biopsies of active EoE patients com-
pared with controls. The decrease of HIF-la leads to the
decrease of B-Defensins, antimicrobial peptides secreted by the
epithelium.®® We speculate that the decrease in B-Defensins,
caused by the diminished HIF-1a leads to the increase microbial
load in the esophageal mucosa of EoE patients.

However, in inactive EoE, the microbial load results are
contradictory between studies. Harris et al>° showed that
microbial load is increased independently of disease status and
treatment, while Arias ef al.>' showed that microbial load normal-
ized after remission was achieved. These conflicting results could
have occurred due to different methodologies used for bacterial
quantitative estimation or sample heterogeneity, with both studies
only having a limited sample size. Harris et al.*° used quantitative
PCR with pan-bacterial primers targeting the small subunit
ribosomal RNA (SSU-rRNA) to evaluate the mucosa of adults
and children with EoE (different treatments approaches), GERD
and normal mucosa controls. While Arias e al.>' used primers
for the V4 region of the 16S rRNA to access the mucosa of adults
before and after remission through FED and normal mucosa
controls. Interestingly, EoE patients from both studies were
non-responsive to PPI treatment; however, half of EoE
subjects in the Arias et al. paper were on PPIs at the time of
endoscopy, while none of EoE subjects in the Harris et al. study
were on PPIs at the time of microbiota characterization. Further
studies on the microbial load and PPI status are required to clarify
the connection between bacterial load, disease status and treatment
in EoE.

Members of the Firmicutes phylum, such as Streptococcus,
Lactobacillus, Veillonela, and Parvimonas'® 2%?* are shown to
be decreased in the esophagus of EoE subjects. A previous study
by Holvoet et al.*” showed that supplementation with Lactococcus
lactis NCC 2287 decrease esophageal and bronchoalveolar eosin-
ophilia in a murine model of EoE. While the link that determines
the cause and effect of the microbial composition in EoE is not
clear, pre-clinical studies could be performed using those organ-
isms as potential probiotics to replenish the microbiota with genera
that are reduced in EoE patients.

Three studies'*?** demonstrated that the abundance of Hae-
mophilus  was  significantly higher in EoE subjects.
Laserna-Mendieta ef al.** only detected Haemophilus in one sam-
ple, however, they have shown an enrichment in Actinobacillus
and Aggregatibacter, which are closely related to Haemophilus,
and suggested that microbial analysis could be interpreted differ-
ently by the studies. The use of 16S amplicon sequencing provides
lower taxonomic resolution and may be responsible for this

1682

K Angerami Almeida et al.

variation in reported results. To overcome this, future studies
should aim to characterize the microbiota populations using shot-
gun metagenomic sequencing (none primer-based approach, data
provided for the total DNA of a given sample), which is capable
of providing a non-biased species-level resolution of the commu-
nity and would be necessary to validate the relationship between
Haemophilus and EoE.

The capability of Haemophilus to enter epithelial cells’
suggests that these organisms may be able to take advantage of
the impaired barrier in EoE, which in turn contributes to chronic
inflammation. Haemophilus is associated with a range of other
Th2-mediated conditions, including recurrent pediatric asthma,
chronic obstructive pulmonary disease, and rhinosinusitis,**'""?
strengthening the argument that this genus could be associated
with the propagation of inflammation in EoE.

To our knowledge, this is the first systematic review of
emerging associations between the local bacterial population
and EoE. The main limitations of this review were the low num-
ber of total studies, exclusion of articles published in languages
other than English, the different methodologies applied to ana-
lyze the results, for example the primer region of choice varied
between studies and software of author’s choice, and diverse ap-
proach in reporting the data. Given this heterogeneity, we could
not perform a meta-analysis, which was our initial goal. Another
limitation is the method used to sequence the microbiota, 16S
rRNA sequencing, has its associated drawbacks and limitations.
Firstly, the choice of sequencing primers targeting the 16S
rRNA variable regions each comes with its own bias and
microbiota profiles will differ based on this. Secondly, the
taxonomic resolution achieved with 16S rRNA sequencing is
less than that achieved with shotgun metagenomic sequencing
(MGS).

In most cases 16S rRNA sequencing reads cannot be assigned
to the species level, this is mostly due to the short reads gener-
ated with this technique and subsequent mapping to microbial
databases limits full taxonomic assignment. Finally, 16S rRNA
sequencing tends to overlook the mycobiome and virome, which
can be captured with the MGS approach. From our review,
studies on the local microbiota in EoE are limited. Further stud-
ies analyzing bacterial strain and metabolomics are essential to
help us characterize the effect of the microbiota in EoE and pos-
sibly help identify new targets for EoE and other esophageal
diseases. To improve the literature, shotgun metagenomic studies
of the esophageal microbiota will be crucial to linking microbial
composition to functional contributions to inflammation, and
different EoE endotypes previously described by Rothenberg
and colleagues.”

In conclusion, this systematic review suggests that the microbi-
ota of EoE is similar in composition to the mouth. Patients with ac-
tive EoE have increased microbial load and increased abundance
of Haemophilus. These findings suggest Haemophilus may repre-
sent an opportunistic pathogen in EoE that is linked with esopha-
geal inflammation.
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