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Highlights

e The gastric microbiota was altered in association with equine gastric glandular disease
lesions
e Sarcina was associated with lesions but not normal glandular mucosa

e Sheathed cytology brushes are an effective sampling method for 16S rRNA
sequencing studies
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Abstract

Background: The role of the equine gastrointestinal microbiota in the pathogenesis

of equine glandular gastric disease (EGGD) is poorly understood.

Objectives: To investigate whether the glandular gastric microbiota is altered in

horses with EGGD.

Study design: Prospective longitudinal study

Methods: Five Thoroughbred racehorses from one training centre underwent
gastroscopy as part of poor performance investigation. Samples were taken from
EGGD lesions and adjacent normal mucosa using sheathed transendoscopic cytology
brushes and frozen at -80 °C. DNA was extracted for 16S rRNA sequencing, and
sequences compared against a database to generate taxonomic classification of the

microbiota. The same horses were sampled six months later.
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Results: Normal glandular mucosal samples were characterised by a higher
proportion of Proteobacteria (46.3 %) than EGGD lesions (18.9 %). Relative
abundance of Firmicutes was lower in samples from normal mucosa (20.0 %) than
EGGD lesions (41.2 %). Linear discriminant analysis effect size (LEfSe) confirmed a
greater proportion of Firmicutes species was characteristic of samples collected from
EGGD lesions due to a very high relative abundance of Sarcina (up to 92.4 %) in two
horses with EGGD. We were unable to comment on the stability of the glandular

gastric microbiota over time.

Main limitations: Small sample population. None of the horses examined had grossly

normal gastric mucosa.

Conclusions: The gastric microbiota appears altered in EGGD, although we are
unable to demonstrate a causative effect. Sarcina was particularly increased in
abundance in EGGD and may be a useful biomarker of disease. Sheathed cytology

brushes were an effective method for sampling the gastric mucosa.

Keywords: horse, 16S rRNA sequencing, gastric ulceration, Sarcina
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1. Introduction

There is growing evidence that changes in the gastrointestinal microbiota occur in many
disease processes in the horse. Rapid alteration in the faecal microbiota has been
demonstrated in association with post-partum colic [1], non-surgical colic [2], and in horses
presenting with colic compared to horses presenting for routine elective procedures [3].
Equine gastric ulceration syndrome (EGUS) is commonly diagnosed in horses, and is further
defined as equine squamous gastric disease (ESGD) or equine giandular gastric disease
(EGGD) depending on the anatomical location of the lesions [4]. ESGD and EGGD are
distinctly different diseases; the pathogenesis, risk factors, and treatment of ESGD are well
established, but the pathogenesis of EGGD, and the role of the gastric microbiota, is poorly

understood and there is a higher rate of treatment failure.

High throughput sequencing techniques have become increasingly utilised to investigate the
microbiota, and the use of cost-effective culture independent techniques has expanded our
knowledge significantly [5]. Previously, much of the information published on the equine
gastric glandular microbiota was derived from post mortem studies [6, 7], and microbial
composition may differ significantly from that in living horses [7]. The role of bacterial
pathogens in the aetiopathogenesis of EGGD has not been definitively proven. Recently,
there has been some preliminary evidence to suggest a dysbiosis associated with EGUS
without differentiating between ESGD and EGGD [8], and another study identifying a lesion-
associated and global gastric dysbiosis associated with EGGD [9]. Both studies used

transendoscopic biopsy forceps for sample acquisition, which sample a very limited surface
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area and are likely to underrepresent rare taxa [10]. Sample collection using transendoscopic
cytology brushes is likely to mitigate for this, as well as minimising tissue damage and

contamination with host DNA, and has proved superior in human studies [10].

The primary aim of this study was to further investigate the glandular gastric microbiota of
horses in race training and identify whether a particular bacterial profile was associated with
EGGD. We aimed to explore the use of sheathed transendoscopic cytology brushes for
acquisition of glandular gastric mucosal samples suitable for use in 16S small subunit
ribosomal RNA sequencing studies in horses. A secondary objective was to assess whether

the bacterial population of the glandular mucosa was stable in these horses over time.

2. Materials and methods

2.1. Selection of cases

The study cohort consisted of five Thoroughbred racehorses (four geldings, one mare) from a
single training yard in Scotland, aged between two and five years (mean age three years).
Horses were presented by the trainer for gastroscopic evaluation due to recent poor
performance and the absence of any localising clinical signs. All horses were fed a similar
diet, stabled at the same yard, and received no grass turn out. None of the horses had received

any medications, including antimicrobials, for at least four weeks prior to presentation.
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Dietary intake was the same for all horses, consisting of ad lib haylage, with racing cubes and
chaff. All horses were first sampled in September 2018 (S1) whilst not in training, and the
procedure was repeated in all five horses after a further six months (S2), once they had
returned to training. One additional horse was added to the study, which underwent

gastroscopy on S2 only.

2.2. Sample collection

(S1). A clinical examination was performed on each horse by one of the authors (SJV) before
gastroscopy was undertaken. Gastroscopy was performed at the home yard under standing
sedation (detomidine, Domidine® and butorphanol, Dolorex®, dose adjusted according to

horse temperament), all horses were examined on the same day.

The gastroscope was passed via a naso-oesophageal tube into the stomach, which was
insufflated to aliow visualisation of the margo plicatus and the pylorus. The glandular portion
of the stomach was inspected first and lesions described according to the European College of

Equine Internal Medicine consensus statement recommendations [4].
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Sheathed 3 metre cytology brushes (Eickemeyer Endoscopy Cytology Brush®) were plugged
with sterile Amies medium to prevent contamination, and then passed into the stomach via
the endoscope biopsy channel. When the sheath was approximately 1 cm clear of the
endoscope the cytology brush was advanced through the sheath, dislodging the plug. The
brush was then swept over the EGGD lesion to be sampled. After 8-10 sweeps over the target
area, the brush was withdrawn into the sheath prior to pulling the sheathed brush back out of
the endoscope. The brush was cut off into a labelled sterile cryotube using wire cutters and
snap frozen in liquid nitrogen. The cryotubes were then moved to a -80 °C freezer and stored

until DNA extraction.

If more than one EGGD lesion was identified, samples were taken individually from each
lesion type. Control samples were taken fromi grossly normal adjacent mucosa, such that they
would have been exposed to the same local environmental conditions as the sampled lesions.
The total number of samples collected from each horse was dependent on horse behaviour
and speed of sample collection; total procedure length was limited to 30 minutes to minimise
impact on horse welfare. Following sample collection, the squamous mucosa was inspected
and ESGD lesions were graded according to published recommendation [11]. Gastroscopy
findings were reported to the trainer, who was advised of the optimum treatment and
management approach for each animal. The trainer elected to not treat any of the horses for

ESGD or EGGD for financial reasons.
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The horses were examined for a second time (S2) approximately six months later once they
had returned to training. No medications were administered between S1 and S2. Gastroscopy
was repeated and samples collected as described above. One additional horse on the same
training and dietary regimen, a seven-year-old gelding, was presented for examination at S2

and data from this case is also included in the present study.

2.3. DNA Extraction

After removal from -80 °C storage, samples were thawed for 15 minutes at room temperature
prior to DNA extraction. The brushes were folded into the bottom of the cryotubes using
sterile forceps so that they would be immiersed in the initial solution. DNA was extracted
using a commercially available kit (Qiagen® Blood and Tissue Kit®) using a modified
protocol. Proteinase K was added to the samples prior to vortexing for 30 seconds before
incubation at 56 °C for one hour to improve yield from cytology brushes. DNA extraction
was then undertakern as per the manufacturer’s protocol. Brushes remained in the sample
solutions until the samples were transferred into spin columns, at which time they were
discarded. Samples were finally eluted in 40 pL of buffer AE. The DNA concentration in the
final solution was assessed using a Qubit™ 4° benchtop fluorometer. A modified ethanol
precipitation technique using a polyacramide carrier, GenElute LPA', was performed on all
samples with a DNA vyield less than 10 ng/uL to provide a concentration sufficient for
sequencing. The DNA precipitate was resuspended in Tris-EDTA buffer to a final volume of
30 uL. DNA concentration was reassessed by fluorometer, which confirmed an increase in

DNA concentration in the majority of samples.
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2.4. Sequencing and analysis

16S sequencing libraries were prepared from the purified DNA starting with 12.5 ng of DNA
per sample. The libraries were prepared using a two-step PCR protocol based on the standard
published Illumina protocol. The first stage was a PCR performed with locus-specific primers
for the V3 and V4 regions of 16S rRNA gene, which also contained the Nextera overhang
sequence. The second stage involved the addition of Nextera XT v2 Adapters with unique
barcodes to allow multiplexing. Complete libraries were purified using SPRI select beads
(Beckman Coulter"), which were then quantified using Qubit (ThermoFisher Scientific®), and
library size was determined using an Agilent 2100 Bioanalyser (Agilent'). Libraries were then
combined in an equimolar manner before being sequenced to an average depth of 100,000

reads per sample on an Illumina MiSeq instrument using paired end 2x300 bp reads.

FastQ files were quality filtered before trimming. Reads less than 250 bp in length were
discarded. The Qiime (version 1.9.1) pipeline was used to analyse the sequences. Operational
taxonomic units (OTUs) were defined on the basis of 97 % similarity and sequences from
each OTU referenced against the Greengenes database (v13_5) to assign taxonomy. A
Biological Observation Matrix (BIOM) table was generated and samples with fewer than
5,000 sequences were excluded before the table was rarefied to 5,000 sequences per sample.

Alpha and beta diversity analyses were performed on the rarefied OTU tables. Weighted and



Journal Pre-proof

unweighted UniFrac distances were established and principal co-ordinate analysis (PCA)
plots created to compare similarity between individual samples. Group comparisons were
corrected using the Benjamin-Hochberg false discovery rate (FDR) procedure for multiple
comparisons. Weighted analysis was undertaken to give a quantitative assessment of sample
composition similarity, and unweighted was performed as a more qualitative measure to
ensure low abundance phyla were not obscured. Normal mucosa and EGGD lesion
populations were compared at the phylum level using Wilcoxon rank tests performed using
commercially available statistical software (RStudio 2020) using publicly available scripts.
Significance (p-value) was set at < 0.05. In addition, linear discriminant effect size (LEfSe)
analysis was performed in Qiime (ver 1.9.1) using the Koeken tool in order to look for
‘biomarkers’ associated with EGGD mucosa compared to normal glandular mucosa. A bar
chart representing the effect size (LDA) was produced, and a cladogram was generated to
provide a visual representation of the branches of the phylogenetic tree associated with

EGGD lesion and normal mucosa samples.

3. Results

3.1. Sample collection

Horse signalment and gastroscopic findings are detailed in Table 1. Twenty four normal
mucosa samples (eight at S1, 16 at S2) and ten EGGD lesion samples (seven at S1, two at S2)

were acquired (Table 1). All the horses sampled at S1 were sampled again at S2, plus one
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additional seven-year-old gelding. At S1 there were no horses in training, at S2 all horses

were in training except TB0A4.

3.2. Sequencing output

A total of 34 samples were submitted for sequencing, five normal mucosa samples (2TB01-1,
2TB03-1, 2TB03-2, 2TB05-3, 2TB06-3) and one EGGD lesion sample (2TB02-2) were not
sequenced successfully. The read depth for individual samples was on average 64,227. A
total of 19 bacterial phyla were identified in the course of the study and only a small
proportion of reads (0.3 %) could not be allocated to a particular phylum. Phyla that did not

achieve at least 1 % of reads for at least one horse were assigned to the ‘other’ category.

3.3. Alpha and beta diversity analysis

Analysis was performed on all S1 and S2 samples. Three different community diversity
indices (PD Whole Tree, Chao 1 and observed OTUs) indicated that there was not a large
difference in diversity between normal mucosa and lesion samples, with considerable overlap
between the two groups (Fig. 1). PD Whole Tree alpha diversity analysis did not reveal a

significant difference in richness between the EGGD and normal mucosa groups (EGGD
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lesions mean 33.973, SD 13.857; normal mucosa 37.106, SD 10.431; p = 0.525); displayed in

Fig. 2.

When phylum-level composition of the samples from each group was assessed, irrespective
of date sampled or EGGD lesion description, normal mucosa was associated with a higher
proportion of Proteobacteria (46.3 %) compared to lesions (18.9 %) (Fig. 3). In contrast, the
relative abundance of Firmicutes was lower in samples from normal mucosa (20.0 %) than in
EGGD lesions (41.2 %), these differences in community composition were found to be
significant (Table 2). When abundance was examined at class, order, and genus level it was
apparent that the greater abundance of Firmicutes at EGGD lesion sites was due to an over-
representation of Sarcina, belonging to the order Clostridiales, of the Firmicutes phylum. In
order to explore this further, individual samples were plotted in stacked bar charts at genus
level and three samples from EGGD lesions (TB02.1, TB03.4, TB03.5) were found to have a
very high relative abundance of Sarcina (83.4 %, 92.4% and 89.2 % respectively, Fig. 4). In
contrast, Sarcina accounted for 0.2% of the total counts in all the normal mucosa samples

combined.

Principle coordinates analysis plots were produced to represent the similarity between

samples in a three-dimensional space (Fig. 5). There was no clustering according to whether
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the samples were from EGGD lesions or normal mucosa. When all group distances were
compared, there were no statistically significant comparisons identified. Group significance
tables generated comparing individual OTU abundance compared normal mucosa to EGGD
lesion samples indicated that no single OTU was significantly associated with EGGD lesions
vs normal mucosal samples when FDR p-values were calculated (P = >0.05). Linear
discriminant analysis effect size (LEfSe) analysis was performed, confirming that a greater
proportion of Firmicutes, Clostridiales, and Clostridia species was characteristic of samples

collected from glandular lesions (Fig. 6).

3.4. Longitudinal study results

Samples were grouped according to date collected and rarefaction curves plotted. Diversity
was similar across both sample collection dates according to PD whole tree, Chao 1 and
observed OTU measures. When samples were examined individually according to sample
date, there was a marked level of horse-to-horse variation. When examining the 100 %
stacked bar charts there appears to be a trend for microbiota remaining relatively stable
between S1 and S2 sampling dates, however, we were unable to obtain enough EGGD lesion

and normal mucosa samples across both dates to establish this.
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4. Discussion

This study adds to current knowledge of the equine gastric microbiota and provides evidence
of bacterial dysbiosis associated with EGGD. In addition, this study explores the use of
transendoscopic cytology brushes for collection of equine gastrointestinal tract mucosal
samples for 16S SSU rRNA sequencing, a technique found to be useful in human studies.
Cytology brushes are beneficial for sampling wider areas of mucosa than with
transendoscopic biopsy forceps and are less invasive [10]. Additionally, sheathed devices are
preferred in order to minimise cross-contamination and increase sampling precision [12].
Mucosal and luminal microbiota are not comparable [6], increasing the importance of

targeted sampling techniques when investigating mucosal disease.

Paul et al. also identified a significant difference in community structure associated with
EGGD lesions in a study using transendoscopic biopsy forceps, but did not identify a
candidate pathogen [9]. It is possible that using methods that sample a very small area of
mucosa may not give a representative cross-section of the local microbiota at lesion sites, and

may underrepresent rare taxa.

The relative abundance of the genus Sarcina (a gram-positive bacterium belonging to the
Firmicutes phylum [13]) was higher in samples taken from glandular mucosal lesions in this
study. Costa et al. identified Sarcina in stomachs of horses euthanased for non-
gastrointestinal disease [6]. However, these samples were collected up to two hours post-

mortem from the glandular mucosa adjacent to the margo plicatus, and so these findings are
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not necessarily relevant to live clinical cases, where lesions are most commonly identified at
the pylorus. Sarcina was also identified in normal mucosal samples in this study, but
accounting for just 0.2% of the counts in total, suggesting it may be part of the normal gastric
microbiome, with excessive proliferation under certain conditions. Sarcina has been
postulated to be of increasing importance in humans with delayed gastric emptying and has
been associated with glandular ulceration and erythema [14] , emphysematous gastritis [15],
perforated gastric ulceration post-bariatric surgery [16], gastric rupture and peritonitis [17,
18] and found co-existent with Helicobacter pylori in two cases of gastritis/duodenitis [19].
Sarcina has been recognised with increasing frequency in histopathological samples from
humans with gastric disease and although considered unlikely to be causative, appears to be a
possible marker of functionally or structurally delayed gastric emptying [20]. Increased
cortisol stress response has been recognised in sorrie horses with EGGD [21], and increased
cortisol production is thought to prolong gastric emptying time in this species [22]. While all
the stomachs examined in our study were normal with respect to feed content following the
period of starvation, it may be valuable to further investigate the relationship between
glandular ulceration and gastric emptying rate in horses. Sarcina ventriculi has been
associated with disease in other veterinary species [23, 24, 25]. Vatn et al. identified Sarcina-
like organisms in a horse with acute gastric dilatation, as well as in lower numbers in five
control animals [26]. Other studies have identified Sarcina in both normal and diseased
equine stomachs, but not made an association between this organism and the presence of

EGUS lesions [5, 9, 27].
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There was intra-horse variation in bacterial community profile in samples from both EGGD
lesions and normal glandular mucosa. This emphasises the benefit of sampling a wider

mucosal area, especially when unable to collect large numbers of samples in clinical cases.

Helicobacter, an important causative agent of human peptic ulcers [28, 29], has been
identified in equine stomachs [30], but has not been associated consistently with gastric
pathology [31, 32]. We did not identify Helicobacter in this study. No Escherichia organisms
were identified, as such we were unable to support the findings of Husted et al. [27], who
identified a potential association between Escherichia and glandular lesions. Enterococcus
was present in very low abundance in three samples (TB04.2, TB04.1, TB02.2) and was
identified in both normal and abnormal mucosa samples. Streptococcus was found in low
abundance across all samples. LefSE analysis did not reveal a correlation between EGGD
lesions and presence of Streptococcus or Enterococcus species. These findings therefore do
not support the postulated involvement of Enterococcus faecium or Streptococcus bovis as
per Rendle et al. [33]. We have identified an increased abundance of Firmicutes in
association with EGGD lesions. Interestingly, one study has identified an increased
abundance of Firmicutes to be associated with non-Helicobacter associated gastritis in human

patients [34].

One limitation of this study was the low overall sample number, and a low number of horses
with EGGD in particular. We have provided good preliminary evidence for the involvement

of Sarcina in EGGD, and larger scale studies are required to further understand the potential
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role of this and other bacteria in the pathogenesis of EGGD. Collecting a greater number of
samples from each horse would be beneficial, however this is limited by the welfare
implications of prolonging diagnostic procedures such as gastroscopy. Horses enrolled in the
study acted as their own controls in order to minimise the effect of inter-individual variation
on determining the effects of EGGD on microbial population. Our data suggest that different
horses have a different gastric microbiota composition. As it is probable that the gastric
microbiota is widely affected in diseased stomachs, future studies should seek to include
horses without EGUS [9]. A need for more longitudinal microbiota studies has been
identified, and an understanding of the dynamic of the microbial population over time will
aid with interpretation of data from cross-sectional studies, which are more commonly
performed. This is particularly pertinent when investigating the gastrointestinal microbiota of
horses, which commonly experience seasonal dietary changes, which may reasonably be

expected to affect the gastrointestinal microfiora.

5. Conclusion

Although our results do not provide evidence for bacterial causation of EGGD lesions, we
have identified a novel association between Sarcina and EGGD lesions in horses. This is of
interest given this bacterium’s involvement in gastric pathology in other species. As an
association has been made between delayed gastric emptying rate and Sarcina abundance in

humans, we recommend investigating emptying rate in horses with and without glandular
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mucosal lesions. Further investigation of the inter-relationship between these factors and the

gastric microbiome may improve understanding of the aetiopathogenesis of EGGD.

6. Manufacturers’ addresses

a Dechra Veterinary Products, Shrewsbury, UK, b MSD Animal Health, Milton Keynes, UK,
c Eickemeyer, Surrey, UK, d Qiagen, Hilden, Germany, e Thermo Fisher Scientific,
Loughborough, UK, f Sigma-Aldrich Company Ltd, Dorset, UK, g lllumina, San Diego,
USA, h Beckman Coulter, High Wycombe, UK, i Agilent Technologies LDA UK Limited,

Cheshire, UK

Declaration of Competing Interest

none

Funding

This study has received support from the School of Veterinary Medicine Vet Fund Small
Grants Scheme, project number 145974-01, University of Glasgow; and the Petplan

Charitable Trust, project number 2017-579-617.

Ethical approval



Journal Pre-proof

Study approved by the Glasgow University Animal Ethics and Welfare Committee, reference

42al/17. Written owner informed consent was obtained for all animals included in this study.

Acknowledgements

The authors gratefully acknowledge Dr Alexandra Raftery and Dr Robert Coultous for their
expertise and guidance with laboratory work, and Dr Claire Dixon and Dr Andee Frei for

assisting with sample collection.

References

[1] Weese JS, Holcombe SJ, Embertson RM, Kurtz KA, Roessner HA, Jalali M, et al.
Changes in the faecal microbiota of mares precede the development of post partum colic.
Equine Veterinary Journal 2015;47:641-9. https://doi.org/10.1111/ev}.12361

[2] Venable EB, Kerley MS, Raub R. Assessment of equine fecal microbial profiles
during and after a colic episode using pyrosequencing. Journal of Equine Veterinary Science
2013;33:347-8. https://doi.org/10.1016/j.jevs.2013.03.066

[3] Stewart HL, Southwood LL, Indugu N, Vecchiarelli B, Engiles JB, Pitta D.
Differences in the equine faecal microbiota between horses presenting to a tertiary referral
hospital for colic compared with an elective surgical procedure. Equine Veterinary Journal
2019;51:336-42. https://doi.org/10.1111/evj.13010

[4] Sykes BW, Hewetson M, Hepburn RJ, Luthersson N, Tamzali Y. European College
of Equine Internal Medicine Consensus Statement--Equine Gastric Ulcer Syndrome in Adult
Horses. Journal of Veterinary Internal Medicine / American College of Veterinary Internal
Medicine 2015;29:1288-99. https://doi.org/10.1111/jvim.13578

[5] Costa MC, Weese JS. The equine intestinal microbiome. Animal Health Research
Reviews / Conference of Research Workers in Animal Diseases 2012;13:121-8.
https://doi.org/10.1017/S1466252312000035

[6] Costa MCC, Silva G, Ramos RV V, Staempfli HRR, Arroyo LGG, Kim P, et al.
Characterization and comparison of the bacterial microbiota in different gastrointestinal tract



Journal Pre-proof

compartments in horses. Veterinary Journal (London, England : 1997) 2015;205:74-80.
https://doi.org/10.1016/j.tvjl.2015.03.018

[7] Perkins GA, den Bakker HC, Burton AJ, Erb HN, McDonough SP, McDonough PL,
et al. Equine stomachs harbor an abundant and diverse mucosal microbiota. Applied and
Environmental Microbiology 2012;78:2522-32. https://doi.org/10.1128/AEM.06252-11

[8] Dong H-J, Ho H, Hwang H, Kim Y, Han J, Lee I, et al. Diversity of the Gastric
Microbiota in Thoroughbred Racehorses Having Gastric Ulcer 2016;26:763—-74.
https://doi.org/10.4014/jmb.1507.07054

[9] Paul LJ, Ericsson AC, Andrews FM, Keowen ML, Morales Yniguez F, Garza F, et al.
Gastric microbiome in horses with and without equine glandular gastric disease. Journal of
Veterinary Internal Medicine 2021;35:2458-64. https://doi.org/10.1111/JVIM.16241

[10] Huse SM, Young VB, Morrison HG, Antonopoulos DA, Kwon J, Dalal S, et al.
Comparison of brush and biopsy sampling methods of the ileal pouch for assessment of
mucosa-associated microbiota of human subjects. Microbiome 2014;2:5.
https://doi.org/10.1186/2049-2618-2-5

[11] The Equine Gastric Ulcer Council. Recommendations for the diagnosis and treatment
of equine gastric ulcer syndrome (EGUS): The Equine Gastric Ulcer Council. Equine
Veterinary Education 1999;11:262—72. https://doi.org/10.1111/j.2042-3292.1999.tb00961.x.
[12] Shanahan ER, Zhong L, Talley NJ, Morrison M, Holtmarin G. Characterisation of the
gastrointestinal mucosa-associated microbiota: a novel technique to prevent cross-
contamination during endoscopic procedures. Alimentary Pharmacology & Therapeutics
2016;43:1186-96. https://doi.org/10.1111/apt.13622.

[13] Claus D, Wilmanns H. Enrichment and selective isolation ofSarcina maxima lindner.
Archives of Microbiology 1974;96:201-4. https://doi.org/10.1007/BF00590176

[14] Ratuapli SK, Lam-Himlin DM, Heigh RI. Sarcina ventriculi of the stomach: A case
report. World Journal of Gastroenterology 2013;19:2282-5.
https://doi.org/10.3748/wjg.v19.i14.2282

[15] Laass MW, Pargac N, Fischer R, Bernhardt H, Knoke M, Henker J. Emphysematous
gastritis caused by Sarcina ventriculi. Gastrointestinal Endoscopy 2010;72:1101-3.
https://doi.org/10.1016/j.gie.2010.02.021

[16] Sopha SC, Manejwala A, Boutros CN. Sarcina, a new threat in the bariatric era.
Human Pathology 2015;46:1405-7. https://doi.org/10.1016/j.humpath.2015.05.021

[17] Tolentino LF, Kallichanda N, Javier B, Yoshimori R, French SW. A Case Report of
Gastric Perforation and Peritonitis Associated With Opportunistic Infection by Sarcina
ventriculi. vol. 34. 2003. https://doi.org/10.1309/CDFF04HESFHDQPAN

[18] Al Rasheed MRH, Senseng CG. Sarcina ventriculi: Review of the Literature.
Archives of Pathology & Laboratory Medicine 2016;140:1441-5.
https://doi.org/10.5858/arpa.2016-0028-RS

[19] Sauter JL, Nayar SK, Anders PD, D’Amico M, Butnor KJ, Wilcox RL. Co-existence
of Sarcina Organisms and Helicobacter pylori Gastritis/Duodenitis in Pediatric Siblings.
Journal of Clinical & Anatomic Pathology (JCAP) 2013;1

[20] Lam-Himlin D, Tsiatis AC, Montgomery E, Pai RK, Brown JA, Razavi M, et al.
Sarcina organisms in the gastrointestinal tract: a clinicopathologic and molecular study. The
American Journal of Surgical Pathology 2011;35:1700-5.
https://doi.org/10.1097/PAS.0b013e31822911e6

[21] Scheidegger MD, Gerber V, Bruckmaier RM, van der Kolk JH, Burger D, Ramseyer
A. Increased adrenocortical response to adrenocorticotropic hormone (ACTH) in sport horses
with equine glandular gastric disease (EGGD). The Veterinary Journal 2017;228:7-12.
https://doi.org/10.1016/J.TVJL.2017.09.002



Journal Pre-proof

[22] Padalino B, Davis GL, Raidal SL. Effects of transportation on gastric pH and gastric
ulceration in mares. Journal of Veterinary Internal Medicine 2020;34:922-32.
https://doi.org/10.1111/jvim.15698

[23] Edwards GT, Woodger NGA, Barlow AM, Bell SJ, Harwood DG, Otter A, et al.
Sarcina-like bacteria associated with bloat in young lambs and calves. The Veterinary Record
2008;163:391-3. https://doi.org/10.1136/vr.163.13.391

[24] ImJY, Sokol S, Duhamel GE. Gastric Dilatation Associated with Gastric
Colonization with Sarcina -Like Bacteria in a Cat with Chronic Enteritis. Journal of the
American Animal Hospital Association 2017;53:321-5. https://doi.org/10.5326/JAAHA-MS-
6503

[25] DeBey BM, Blanchard PC, Durfee PT. Abomasal bloat associated with Sarcina-like
bacteria in goat kids. J Am Vet Med Assoc 1996;209:1468—9

[26] Vatn S, Gunnes G, Nybo K, Juul HM. Possible involvement of Sarcina ventriculi in
canine and equine acute gastric dilatation. Acta Vet Scand 2000;41

[27] Husted L, Jensen TKT, Olsen SN, Mglbak L, Lorenzo-Figueras M, Merritt A.
Examination of equine glandular stomach lesions for bacteria, including Helicobacter spp by
fluorescence in situ hybridisation. BMC Microbiology 2010;10:84.
https://doi.org/10.1186/1471-2180-10-84

[28] McColl KEL. Helicobacter pylori infection. New England Journal of Medicine
2010;362:1597-604. https://doi.org/10.1056/NEJMcp1001110

[29] Chey WD, Leontiadis GI, Howden CW, Moss SF. ACG Clinical Guideline:
Treatment of Helicobacter pylori Infection. American Journal of Gastroenterology
2017;112:212-38. https://doi.org/10.1038/ajg.2016.563

[30] Hepburn RJ. Investigation into the Presence of Helicobacter in the Equine Stomach
by Urease Testing and Polymerase Chain-Reaction and Further Investigation into the
Application of the 13C-Urea Blood Test to the Horse 2004

[31] Contreras M, Morales A, Garcia-Amado MAA, De Vera M, Bermudez V, Gueneau P.
Detection of Helicobacter-like DNA in the gastric mucosa of Thoroughbred horses. Letters in
Applied Microbiology 2007;45:553-7. https://doi.org/10.1111/j.1472-765X.2007.02227.x
[32] Morales A, Garcia F, Bermudez V. Detection of Helicobacter - like organisms in
Thoroughbred horses from Venezuela. Braz J Vet Pathol Brazilian Journal of Veterinary
Pathology 2010;3:52-5

[33] Rendle D, Bowen M, Brazil T, Conwell R, Hallowell G, Hepburn R, et al.
Recommendations for the management of equine glandular gastric disease. UK-Vet Equine
2018;2:2-11. https://doi.org/10.12968/ukve.2018.2.51.3

[34] Li XX, Wong GLH, To KF, Wong VWS, Lai LH, Chow DKL, et al. Bacterial
microbiota profiling in gastritis without Helicobacter pylori infection or non-steroidal anti-
inflammatory drug use. PLoS ONE 2009;4. https://doi.org/10.1371/journal.pone.0007985

Table 1: signalments of horses and gastroscopic findings on both sampling dates.

\ ID \ Age at S1 | Sex \ Sample ID \ Sampling date \ Sample | ESGD grade \
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(years)
TBO1 |3 Gelding | TBO1-1 S1

TBO01-2
2TB01-1* S2
2TB01-2
TB02 |2 Gelding | TB02-17 S1 PH 3
TB02-2 N
2TB02-1 S2 FH 3
2TB02-2* FH
2TB02-3 N
2TB02-4 FH
2TB02-5 N
TB03 |3 Gelding | TB03-1 S1 F/PH 3
TB03-2
TB03-3
TB03-4
TB03-5
2TB03-1* S2
2TB03-2¢
TB04 |2 Gelding | TB04-1 S1
TB04-2
2TB04-1 S2
2TB04-2
2TB04-3
TBO5 |5 Mare TB05-1 S1
TB05-2
TBO05-3
TB05-4
2TB05-1 S2
2TB05-2
2TB05-3*
2TB05-4
TBO6 |7 Gelding | 2TB06-1 S2
2TB06-2
2TB06-3* N
"are associated with a significantly increased abundance of Sarcina. Samples marked

Z\ZzZ2|Z2
N

Tn
~
O
I

Z\Z|\Z|1Z|1Z|1Z2|Z2|Z2MM|Z2Z2Z2Z2\Z2|Z2|/Z27"TZz

were not successfully sequenced.

Abbreviations: ESGD, equine squamous gastric disease; S1, first sampling date; S2, second
sampling date; N, normal glandular mucosa; PH, pinprick haemorrhagic; FH, flat
haemorrhagic; F, fibrinosuppurative. ESGD lesions were graded 0-4, as per 1999 EGUS
Council recommendation.11 Samples marked
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Table 2: Comparison of the median abundance of the most common phyla between normal

mucosa and EGGD lesions.

Phylum Lesion median Normal mucosa p-value

abundance (%) median

abundance (%)

Actinobacteria 3.0 4.3 0.325
Bacteroidetes 21.0 18.1 0.623
Firmicutes 41.2 20.0 0.006*
Proteobacteria 18.9 46.3 0.017*
Spirochaetes 0.7 4.0 0.638
Verrucomicrobia 2.8 1.7 0.712
Other non-specified phyla |12.4 5.6 N/A
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Fig 1. PD Whole Tree metric rarefaction curve comparing sample richness of EGGD lesion
samples and normal mucosa, which are comparable. Rarefaction curve indicates samples

were sequenced in adequate depth.
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Fig 2. PD Whole Tree alpha diversity metric boxplots comparing normal mucosa and EGGD

lesion samples. There was no significant difference between the two groups.
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Fig. 3. Stacked bar charts comparing bacterial community composition at phylum level
between pooled normal mucosa samples and pooled EGGD lesion samples. Firmicutes
dominate in EGGD lesion samples, whereas Proteobacteria are the predominant phylum in

normal glandular mucosa samples.
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Fig. 4. 100% stacked bar charts displaying individual samplies demonstrating the increased
abundance of Sarcina in TB02.1, TB03.4, and TB03.5 samples, which represent EGGD

lesions.
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Fig. 5. (A) weighted and (B) unweighted PCoA plots indicating sample similarity in three-
dimensional space. There is no clustering or separation of samples according to whether they
are from normal mucosa or EGGD lesions.
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Fig. 6. Cladogram of LefSE analysis results showing taxa significantly associated with

normal mucosa and EGGD lesions. Each concentric ring represents a level of taxonomic
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rank, moving from kingdom most centrally, to genus most peripherally. Each small circle
represents a single taxon, and circle size is proportional to relative abundance of that taxon.



